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Distribution and Dispersal of Stable Flies 
(Diptera: Muscidae) on a Maryland Farm' 

Lawrence G. Pickens', R. W. Miller', G. D. Thomas' and D. K. Hayes' 

J. AJ:ric. Entomol. 9(1): 1-10 (January 1992) 

ABSTRACf Stable nies, Stomoxys co/citrons (1....), v,'ere studied on II 376-l1a {ann 
complex in 1989 to assess their dispersal bchovior Ilnd patterns of distribution. 
The flies lr8vellcd with, and congregat.ed near, cattle. They were not attracted 
to fresh manure which was spread on fields 0.5 km from the barns, although 
some stable nics were lJ'onsported with the manure. Stable flics were only 
captured at homesites when fly-colltnminatcd breeding materials were spread 
nCllf the homes or when cattle-loafing areas were within 100 m of the homes. 
The largest catches of stable nies on the farm were near sites where straw was 
used as cattle bedding material or was stored arter such usc. Fifty-nine percent 
of the total fly catch over the summer was collected in 15 traps which were 
located near cattle resting areas or cattle trails. 

KEY WORDS Insecta, Diptera, st.able ny, traps, distributions, Muscidae, 
Stomoxys co/citrons. 

The increasing rate of encroachment of suburban housing into previously rural 
areas has resulted in an increased awareness of the potential importance of the 
dispersal of flies from farms to residential areas (Ebeling 1978). This study was 
conducted to obtain information on the distribution and dispersal of populations 
of stable flies, Stomoxys ca/citrons (L.), in a farm·suburb complex and to determine 
what factors cause a farm population of stable flies to become pests in the 
adjoining suburbs. To accomplish these objectives, we tried to obtain more 
information on fly dispersal routes, rates and densities than is cUlTently available 
in the literature (Iwuala and Onyeka 1977, Gersubeck and Merritt 1983, Morgan et 
al. 1.983, Scholl et al. 1985, Hogsette ct al. 1987, 1989). We also attempted to 
determine where fly traps should be placed for maximum effectiveness. 

Materials and Methods 

This study was conducted from 1 May to 29 August 1989 at the University of 
Maryland Agronomy- Dairy Research Center near Clarksville. The farm was ca. 376 
ha and was bounded on two sides by suburban housing developments. The farm 
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Resources, University of Nebrasku. Lincoln, lind published liS puper no. 9203, Journal Series, Nebraska 
Agricultural Research Division. 
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consisted of a 200-cow dairy complex, an indoor swine unit, two pastures and four 
corn and alfalfa fields which totaled about 40 ha. A housing development was 
situated about 700 m to the northwest of the dairy complex and was screened from 
the dairy by woods which were about 100 m in width (Fig. 1). Animal bedding and 
manure were removed from the barns either daily or weekly and were stored in 
trench silos until they were hauled to, and spread on, fields or pastures once each 
week. Each pasture received the manure for L-4 wk. Fifteen releases of between 
2,000 to 5,000 marked stable flies per release were made at each of three locations 
in the dairy area between 1000 and 1100 h E.D.T. and at least two releases of 
5,000 flies each were made in each of areas 2 and 10 (the calf pasture and suburb 
areas, respectively) (Fig. 1). Laboratory flies used in the releases were immobilized 
by cooling, then weighed, dusted with fluorescent powder (pickens et al. 1967), and 
taken to the release sites on the morning of thei.r release. A 2-g sample retained 
from each group of flies was used to estimate the number of flies released. The 
estimate was made by multiplying the number of flies per gram of sample by the 
number of grams of flies released. Dead flies remaining in the cages after release 
were returned to the laboratory and counted. The marked flies were 2-4 d old 
when released and had not fed for 24 h prior to release. White plywood boxes (45 
em square by 60 cm high) were placed on the ground and used as attractants for 
stable flies (pickens and Hayes 1984). Each box was covered on its east and south 
sides with a 26- by 3D-cm piece of sticky white paper (Silva, Enviro-Control, [nc., 
Westport, Connecticut) which trapped alighting flies. Sixty-three traps (60 shown 
in Fig. 3; the other 3 represented duplicate locations) were used on the farm to 
monitor the marked and indigenous Oy populations. Air temperatures and rainfall 
were measured by a weather station located at the dairy center of the farm. 

Traps were placed in ten different areas (1-11, Fig. 1). The entire farm was 
designated as area 5. The t.rapped areas included open pastures (areas 3 and 7), 
trench silos (area 4), wooded areas (areas 2 and 6), dairy barns (area 1), a piggery 
(area 8), fields of corn (area 9), forest edges (area 11), and suburban yards (area 
10). Trap locations ranged from 20 m to 800 m from the marked-fly release points 
(+ 's on Fig. 1) and were located in each of the cardinal directions from the release 
points. The sticky papers were placed on the traps between 1000 to 1200 h, 3 d 
each week. After 24 h, the sticky papers were removed from the traps, covered 
with a transparent plastic sheet and returned to the lab where the trapped flies 
were counted. An ultraviolet·emitting bulb was used to identify the marked flies. 
\Veekly estimates of the number of indigenous stable flies present at the dairy 
ham complex were calculated by the method of Berry et al. (1981). 

Regression analyses and linear correlations (Hewlett Packard. Regression Analysis 
Pac 1980, SAS Institute 1986) were of the following variables: 

1.	 Relationship between the size of the barnyard (an area of 100-m radius, 
centered on the milking barn), stable fly population and the proportion of 
the total flies which were caught away from the barnyard. 

2.	 Changes in the relative sizes of stahle fly populations at the different 
trapped areas over the summer. 

3.	 The types of trap sites and areas where the highest and the lowest catches 
of stable flies occurred. 
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4.	 The effects of temperature, rainfall, vegetation, and cattle proximity upon 
the numbers of stable flies caught on the traps. 

5.	 The effects of spreading manure on the dispersal of stable flies to, or the 
magnitude of catches at, two areas which were each 600 m from the dairy 
complex. 

The results of the analyses of fly distribution and dispersal were used to 
estimate the numbers and placement of traps which would be needed to reduce 
adult stable fly populations on the farm. Results were considered significant at 
P < 0.05 when measured by ANOVA (SAS Institute 1986). 

Results and Discussion 

Totals of 98,600 indigenous and 1,537 marked stable flies were captured at the 
farm during the summer. The calculated stable fly population (Berry et al. 1981) 
ranged from 8,000 to 875,000 per week (Fig. 2). The distributions of catches of 
marked and indigenous flies were noticeably different, with larger differences 
between areas and between trap sites within areas (Fig. 3). The areas where the 
most flies were caught changed as the summer progressed, with area 2 (calf 
pasture) having the highest catch in June, but area 1 (dairy) having the highest 
catch in July and August (Fig. 4). Because there was a daily removal of mamrre 
from the dairy to the calf pasture (area 1) in May and June, but not in July and 
August, it is likely that the spreading of manure in area 2 during May and June 
was a contributing factor to the higher catches in June. 

Dispersal Studies 
Effects of wmperature. Wild fly catches over the entire farm were not correlated 

wit.h temperature or rain (r = + 0.49 and -0.33, respectively). Barnyard catches 
tended to be positively correlated with temperature and negatively correlated with 
rainfall (Berry et a1. 1986), while bedground catches were not correlated with either 
factor. 

Rale of dispersal of marked flies. Between 68 and 82% of the recovered marked 
mes were captured during the first day after their release. Mean recovery of 
marked flies in 3 d from the entire farm for the entire summer was 4.7 ± 1.7%. 
There was no apparent change in the dispersal patterns of marked flies over the 
season. 

Area differences. The largest catches of indigenous stable nics over the entire 
summer were at areas 1 (dairy), 2 (calf pasture), 3 (cattle resting areas), and 4 
(silo) (Table I). The smallest catches were in areas 8 (pig), 9 (corn), 10 (suburbs), 
and 11 (northwest pasture) (Figs. 3, 4, and Table 1). The small catches at areas 8, 
9, 10, and 11 suggest that the flies stayed near breeding and feeding areas and did 
not go to houses (area 10) or to the pigs (area 8). 

When the mean one-trap weekly catches of wild stable flies in each area were 
tested for correlation (Hewlett-Packard 1980) with catches of wild flies in other 
areas over the summer, significant correlations (P < 0.01) were found between 
catches in eight of the ten areas (Table 1). Particularly strong correlations occurred 
between weekly catches in the calf pasture, silo, west pasture and tree areas. 
Because the calf pasture area received infested manure from the silo area and 
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contained many trees and cattle, the correlations between those areas are not 
unexpected. The west pasture area adjoined both the silo and the tree areas, and 
the correlations are not surprising. Catches in areas which were not related to each 
other in location, type or by breeding material were less correlated. The relative 
numbers of wild flies caught in the different areas changed from month to month 
(Fig. 4). 

Only catches in the silo, west pasture, calf and cattle resting areas (2, 3, 4, 6 
and 7, Fig. 1) contributed significantly to the trends in the total numbers of flies 
caught each week during the summer (Table 1), which implies that surveys to 
detennine stable fly population trends should be concentrated in areas where fly
breeding materials accumulate (area 4) and where animals spend their morning 
and afternoon hours (areas 3 and 11). These results are similar to those reported 
by Hogsette et al. (1989). 

Differences in catches between trap sites within areas 
Large differences were observed among the numbers of flies caught by different 

traps within each area (Fig. 3). The largest catches were on traps located near 
straw bedding in barns (Fig. 1). The second largest catches were on traps located 
near cattle resting areas or trails and near isolated trees which were within 30 m of 
cattle (Fig. I, 3). The 15 traps near cattle resting areas or trails (24% of the traps 
used) accounted for 59% of the total summer's catch, and 8 of the traps accounted 
for 39% of the total catch. Twenty-five traps collected 80% of the total farm catch. 
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Fifty·eight. percent of the wild flies were caught within 250 m of the dairy barns 
and 16% were caught at the calf pasture area (Fig. 3). 

Effects of spreading manure on the numbers of nies caught 
Catches of stable mes at the calf paslure area (2) increased by 2-3 times during 

the weeks when manure was spread (weeks 2·4) but increased by 15 times 3 wk 
after the spreading (Fig. 2). Catches at the northwest area (Ll) followed the same 
pattern, with an increase of 60% during the week that spreading took place and an 
increase of 360% 2 wk after untreated manure was spread (Fig. 2). Neither the calf 
pasture nor the northwest area peaks coincided with the peak catch at the dairy 
complex or with the peaks of the calculated population. 

Effects of cattle proximity on fly dispersion 
Marked and released stable nies did not disperse from the calf pasture area 

(area 2, Fig. 1), where cattle, trees and manure were available, but did disperse 
from the dairy area (I) to all of the other areas. Marked flies were released at the 
suburb area (10), where there were no cattle, were recaptured at all of the other 
areas and especially at sites where cattle sheltered or bedded. At the test farm, 
where fly populations were relatively small (8,000 to 875,000), no significant 
correlation (r = 0.53) was found between the calculated numbers of wild flies at 
the dairy area and the fraction of marked flies which dispersed to areas 200 m or 
more distant (Fig. 2). 
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Table	 1. Correlations between the mean I-d trap catches of wild stable 
flies in different areas of the University of Maryland farm in 1989 
(Areas are shown in Fig. 1). 

Area r values between area tocationsll 

# Name Meant! 2 3 4 5 6 7 8 9 10 11 

[ 

2 
3 
4 
5 
6 

Dairy 
C.lf 
Rest 
Silo 
F.nn 
Trees 

135 a 
105ab 
83 ab 
60 .b 
50 ab 
48abe 

.59' .81 
.67 

.65 
.97 
.79 

.75 
.89 
.92 
.98 

.67 
.94 
.76 
.98 
.93 

.67 
.96 
.68 
.98 
.90 
.98 

.84 
.64 
.62 
.6[ 
.67 
.57 

.79 

.39 
.82 
.54 
.70 
.50 

.67 

.52 

.58 

.61 

.61 

.68 

.54 
.82 
.43 
.81 
.67 
.87 

7 
8 
9 

10 
II 

West 
Pig 
Corn 
Suburb 
Forest 

41 be 
24 be 
18 be 
1B bc 
5, 

.51 .38 
.7l 

.62 

.40 

.48 

.88 
045 
.[6 
.72 

il Bold values indicate significant. correlations (P < 0.05). 
b Mean weekly I-tml) catches IInalyzed by linear correlation und ANOVA. Means followed by the same 

letters nre not significantly different (P < 0.05). 

Conclusions 

We make the following conclusions about stable fly dispersal and distribution 
on the test farm: 

1.	 Although stable flies were widely dispersed throughout the farm, the 
majority was caught within 50 m of either cattle or ny-breeding materials. 
This finding agrees with the results reported by LaBrecque et a1. (1972) and 
Hogsette et .1. (1989). 

2.	 Stable flies were not attracted to manure spread on fields which were about 
500 m from the dairy area, although numerous adults accompanied the 
manure from the barns to the field and significant numbers of immatures 
did complete their development in the spread manure. 

3.	 The straw used for cattle-bedding at the dairy complex appeared to be the 
major source of adult stable flies on the farm, because more adult flies were 
caught near the bedding than at any other area, and catch peaks always 
occurred first in the bedding areas. 

4.	 Although the largest number of stable nies were caught in areas 1 and 2 
(dairy and calf pasture), the catch trends over the summer showed that the 
overall farm trend was most closely correlated with catch trends in areas 3 
(cattle resting areas), 4 (silo), 6 (trees), and 7 (west pasture). Because the 
manure from the silo area contributed to fly populations at the calf pasture, 
west pasture and suburb areas, and came from the dairy area; it is not 
surprising that the catch trend in the contributing area (silo) was correlated 
with the total farm catch. The cattle resting areas, trees, and west pasture 
areas were all areas where cattle spent time each day as they moved to and 
from the dairy and silo areas, so the flies accompanying the cattle probably 
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constituted a significant proportion of the total farm distribution. A large fraction 
of the farm population of stable mes (59% of the total farm catch of 98,600 flies) 
was removed by the judicious placement of 15 white, box-style traps near cattle 
resting areas (filled circles in Fig. 1). To preclude complaints about stable flies 
from the suburban neighbors, cattle and manure should be kept at least 200 m 
from the houses. 

This study was limited in its scope because of relatively small stable fly 
population on the farm. A larger population of stable flies may refolult in more fly 
dispersal problems. However, we feel that these data provide useful information to 
fanners and to entomologists on stable fly dispersal and on fly· trap placement and 
should enable scientists to better develop methods for reducing problems associated 
with stable flies. 
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ABSTRACf Three Meto.rhizium arlisoplio.e vaf. major (Metschnikoff) Sorokin 
isolates, each collected from 8 different sugarcane white grub species, were 
tested for pathogenicity to third-instar larvae of Ligyrus subtropicus (Blatchley). 
Only the isolate originating from L. subtropicus proved to be pathogenic under 
the conditions of this study, resulting in 78% and 92% mortality in two separate 
tests. Results from a field survey investigating natural incidence of M anisopliae in 
L. subtropicus larvae, in conjunction with field observations in associated 
studies, suggest that M. anisop/iae occurs at very low levels in L. subtropicus 
populations in sugarcane fields. The high mortalities observed in our patho
genicity tests indicate that the isolate originating from L. subtropicus warrants 
further consideration for biological control of that grub species. 

KEY WORDS Sugarcane, biological control, Scarnbaeidae, grubs, Metarhjzju,", 
Coleoptera.

Sugarcane is Florida's most valuable field crop and is primarily grown in the 
Everglades area of southern Florida. The crop is attacked by two major groups of 
soil insect pests, wireworms (Elateridae), which cause damage to newly planted 
sugarcane (Hall 1985), and several species of white grubs (Scarabaeidae). In 
Florida, grubs are considered pests of ratoon sugarcane (Cherry 1988), feeding on 
the roots of sugarcane plants. Of the grubs, Ligyrus sublropicus (Blatchley) is the 
I>rimary species of economic importance (Gordon and Anderson 1981). Yield 
reductions of up to 39% have been reported in areas of high infestation (Sosa 
1984). Currently, there is no known chemical control for white grubs in Florida 
sugarcane, and flooding of grub-infested fields is sometimes used for control 
(Cherry 1984). 

Very little has been published on biological control of grubs in Florida 
sugarcane. Sosa and Beavers (1985) demonstrated that entomophilic nematode 
species were capable of infecting L. subtropicus under laboratory conditions. Boucias 
et a1. (1986) reported that Bacillus popilliae Dutky, the causal agent of milky 
disease, was the major pathogen found in third·instar grubs of L. subtropicus in 
Florida sugarcane fields nnd that the bacterium was widespread in the sugarcane 
producing region. Ligyrus sublropicus was also found infected by two entomogenolls 
fungi, Melarhizium anisopliae var. major (MetschnikofO Sorokin and Beauueria 
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bassiana (Balsamo) Vuillemin, although much less frequently. Illingworth (1921) 
reported a naturally occurring epidemic caused by a green muscardine fungus, 
presumably M. anisopliae, in Australian sugarcane grub populations. The ease of 
propagation (Barnes et al. ]975) makes M. anisopliae an excellent candidate fol' 
biological control. In Australia, laboratory results using M anisopliae to control several 
grub species have demonstrated enough promise to extend the research to field 
experiments (Samuels et al. 1990). The objectives of this study were to determine 
more fully the incidence of M. anisopliae infection in L. subtropicus under field 
conditions, and to investigate the pathogenicity of several M. anisopliae isolates to 
L. subtropicus under controlled conditions. 

Materials and Methods 

Field Swvey. First-, secondo, and third-instar larvae were collected at monthly 
intervals for 9 mo and observed for natural incidence of M. anisopliae infection. 
Collections were initiated \11th first· instar larvae dw-ing July 1988, continued with 
second-instar larvae in August 1988, and concluded with third-instar Illlvae from 
September 1988 to April 1989. Twenty-five lalVae were collected from each of five 
commercial ratoon sugarcane fields in the Everglades Agricultural Area (EAA) 
each month. L31vae were located by digging beneath sugarcane plants. Grubs were 
placed into individual containers when found in the field by placing a metal 
specimen box beneath the grub and manipulating the glUb into the box using the 
box lid to avoid cross·contamination due to handling. First- and second-instar 
larvae were placed into 1.5- by 5·cm diam boxes while larger third-instar 
Imvae were placed into 2- by 8-cm diam boxes. Only live grubs not damaged 
during field collection were selected for sampling. Approximately 8-10 g of 
moist (1 ml of water!1 g air-dried soil), fumigated organic soil (muck), along 
with a slice of raw carrot for food, were added to each container on the date of 
collection. Boxes containing grubs were maintained at room temperature (23° 
27°C) with lids closed to maintain high relative humidity. In earlier tests, we 
had successfully induced M. anisopliae infection of L. subtropicus larvae under 
the temperatures and moisture conditions previously mentioned, with rnoliality 
normally occurring within 2 wk of inoculation. Thus, field-collected l8lVae were 
obselved for symptoms of disease development after 7 and 14 d of incubation. 

Pathogenicity Studies. A single isolate of M. anisopliae was obtained 
from each of three different species of sugarcane grubs: L. subtropicus, 
Cyclocephala pw·allcla Casey, and Euphoria sepulchralis (F.). [solates were 
obtained from grub cadavers (third-instal' larvae) found covered with the 
fungus in Florida sugarcane fields during 1987 and 1988, and were designated 
as MA-LS, MA-CP, and MA-ES, respectively. Isolates were maintained by 
peliodic single-spore transfers onto Sabouraud maltose agar. Voucher specimens 
are to be maintained by the American Type Culture Collection (ATCC), 
Rockville, Maryland. Using Koch's postulates, the pathogenicity of each isolate 
(at a concentration of 1 X 10' conidida!g of air-dried fumigated organic soil) 
was demonstrated, on the grub species from which it was originally recovered, 
by following the pathogenicity test procedures described below. 
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Inoculum for the pathogenicity tests was produced by spreading 0.5-ml spore 
suspensions of each isolate onto the agar surface of Petri dishes (lOO by 
15 mm) containing 20 ml of Sabouraud maltose agar and incubating at 27°C 
for 10 d in darkness. Conidia were harvested using a rubber spatula and sterile 
deionized water (SDW) containing 0.5% Tween 20. Subsequent to passing through 
a double layer of cheesecloth, concentrations of conidial suspensions were adjusted to 
approximately 2.500 conidia/ml of water using a stage haemocytometer. Aliquots of 
300 ml of conidial suspension were used to infest 300 g (air-dried wt.) of fumigated 
organic soil. The inoculated soil was placed in transparent plastic boxes (23 by 30 
by 10 cm high) with lids. Expermental controls consisted of soil receiving 300 ml of 
SDW in place of conidial suspensions. Ten third-instar L. subtropicus larvae (mean 
wt 4.1 g) were placed into each box containing soil infested with conidia of one of 
the three fungal isolates 01' the sterile water control. Raw carrot slices were placed 
into the bottom of each container as 8 food source. Each box was considered a 
replicate and five replications of each isolate and the control were incubated 
simultaneously, with containers being arranged in randomized complete blocks 
within an incubator maintained at 22°C. The experiment was initiated on 13 Jan 
1989. Grubs were held for 25 d and observed for symptom development and 
mortality due to M. anisopliae. Data were analyzed utilizing Scheffe's multiple 
comparison procedure (SAS 1982). 

Pathogenesis. M. anisopliae isolate MA-LS was selected for further observations 
based upon its demonstrated pathogenicity to L. subtropicus in our initial pathogen
icity study. During February 1989, five replications of 10 third-instar L. subtropicus 
larvae were incubated in non-infested soil and soil infested with the MA-LS 
Melarhizium isolate in the manner previously described. Grubs were obser....ed at 2·d 
intervals for symptom development and mortalit.y for 25 d. 

Results and Discussion 

Field Survey. A total of t,125 field-collected larvae (125, 125, and 875 first, 
second, and third-instar larvae. respectively) were observed for infection by M. 
anisopliae. Milky disease, caused by B. popilliae, developed in several grubs. M. 
anisopliae infection of L. sublropicus was not detected in this study. However, dead 
third·instar larvae of L. subtropicus were occasionally observed colonized by the 
entomopathogen in sugarcane fields during other 1988-1989 studies. Boucias et al. 
(l986) reported B. popilliae as the primary pathogen found in L. subtropicus grubs 
in Florida sugarcane fields although M. anisopliae was also detected. Our results 
support their findings. In studies of a sugarcane grub, Lepidiola albohirtum (Water
house), in Australia (lllingworth 1921), found the highest incidence of M. anisopliae to 
be under moist field conditions. Abnormally dry conditions during the major 
portion of this study may have been a factor contributing to the failure to detect 
the disease in the field survey. Young (1974) suggested t.hat low soil moisture was 
a factor in keeping M. ani.'lOpliae at low levels in Tonga. 

Pathogenicity Studies. Results of the pathogenicity study are shown in Table 1. 
Differences among treatments in mortality due to causes other than M. anisopliae 
infection were not significant (P> 0.05). MA-LS, the isolate originating from L. 
subtropicus, was the only isolate causing mortlliity of L. subtropicus under the 
conditions of this study. Others (McCauley et al. 1968, Daoust and Roberts 1983) 
have demonstrated that certain strains of M. allisopliae are capable of infecting 
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Table 1.	 Mortality of L. Bubtropicus third-instar larvae exposed to various 
isolates of M. anisopliae. 

Isolate 
(original host) 

MA-LS 
(L. subtropicus) 

Total 

96a 

% Mortality" 

Metarhizium 

78 a 

Other causes 

18 a 

MA-CP 
(C. paral/ela) 

16 b Ob 16 a 

MA-ES 
(E. sepulchralis) 

lOb Ob 10 a 

Control 26 b Ob 26a 
a	 Percent mortality based upon observations of 50 larvae per isolole. Means within columns followed by 

the same letter are not significantly different (Scherre's multiple comparison procedure; P> D.Oa). 

several insect species, even those from different orders. The fact that the MA-CP 
and MA-ES isolates had earlier demonstrated pathogenicity on C. parallela and 
E. sepulchralis. respectively, suggests that the M. anisopliae isolates used in this 
investigation may be more specific. It is also possible that these results reflect 
only the relative virulence of the three isolates under our test conditions, and the 
MA-CP and MA-ES isolates could prove to be pathogenic to L. subtropicus under 
different conditions. Further research on this aspect is needed. 

Pathogenesis. Percentage accumulated mortality of third-instar larvae using 
the MA-LS isolate is presented in Figure 1. No mortality was observed in the 
uninoculated checks. The high mortality (92%) due to the MA-LS isolate agrees 
with the mortality (78%) observed in the pathogenicity test. The mortality rate due 
to M. anisopliae was greatest 11-15 d after inoculation, and 96% of the 
M. anisopliae casualties were dead within 19 d. Observations on symptomatology 
showed a decrease in grub responsiveness to probing approximately 8-10 dafter 
inoculation. In contrast to the controls, the integument of newly-infected larvae 
was discolored and generally exhibited an orange tint. Approximately 24-36 h later, 
infected larvae usually succumbed with the body becoming rigid but exhibiting no 
external fungal signs. External white mycelial growth was generally evident within 
an additional 24-48 h. Characteristic external green sporulation covering the 
integument was observed within 24 h after the development of external mycelium. 

In summary, our observations showed M. anisopliae to occur naturally in 
Florida sugarcane fields, but at extremely low levels. It does not appear to be a 
major grub mortality factor at the present time. However, the MA-LS isolate of 
M. anisopliae was proven to be pathogenic to third-instar larvae. The third-instar 
is the longest-enduring (Cherry 1985) and most destructive stage (Cherry 1991). 
Additional research is needed to determine the factors presently limiting 
M. anisopliae effectiveness in F101ida sugarcane fields, and to investigate the feasibility 
and efficacy of augmentative releases of the entomopathogen for controlling 
L. subtropicus. 
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Fig. 1.	 Percent accumulated mortality of third-instar L. subtropicus larvae 
following exposure to M. anisopliae (MA-LS isolate). 
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ABSTRACT Adult Helicouerpa zea (Boddie) black light trap and pheromone 
trap catches were related to oviposition on corn and tomatoes in an attempt to 
assess the utility of the pheromone trap for making pest management decisions 
on tomato in western North Carolina. Pheromone trap catches increased during 
early stages of H. zea night periods, while increases in black light trap catches 
did not occur until later in the season when populations were at their highest 
levels as indicated by egg densities. Oviposition on tomato was low until 
surrounding corn fields became unattractive (i.e., dried silk) to ovipositing 
females, but once oviposition was initiated on tomato it continued throughout 
the remainder of the season. Lycopersicon hinmtum Humb. PI 126445, a wild 
tomato species that is more attractive to ovipositing females than L. esculentum 
Miller cv. Walter, enabled us to detect the switch from corn to tomato more 
readily. Correlations between pheromone trap catches and oviposition on 
tomato were significant only in 1988; but in 1987 and 1989, trap catches were 
significantly correlated with oviposition on tomato occurring 1 and 2 wk. 
respectively, prior to pheromone trap catches. Pheromone traps may be most 
useful for the early detection of H. zea oviposition on tomatoes by providing a 
means to time egg scouting. 

KEY WORDS Insecta, Helicouerpa zea, pheromone trap, black light lrap, 
tomato, Lepidoptera, Noctuidae. 

The use of black light traps to monitor adult tomato fruitworm, Helicouerpa zea 
(Boddie), night activity is useful for dictating the need for insecticide applications 
for this insect on tomatoes (Lycopersicon esculentum Miller) in western North 
Carolina (Walgenbach et al. 1989). However, black light traps are often not 
practical for growers because of the intense labor requirement associated with this 
type of trap. Pheromone traps are potentially useful for monitoring H. zea flight 
activity near tomatoes because the traps are species specific and require no 
electricity. However, knowledge of the relationship between pheromone trap 
catches and H. .lea oviposition on tomatoes is necessary to assess the utility of this 
technique for management decisions on tomatoes. 

Lopez et aJ. (1979) addressed the need to relate black light trap catches to 
oviposition for prediction of peak populations in individual fields. They found 
oviposition by H. zea to be more closely related to the number of males rather 
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than females caught in black light traps. Snow et al. (1972) found pheromone
baited traps to be more effective at capturing H. zea maJes than black light traps 
early in the season. However, later in the season the efficiency of the pheromone 
traps declined in association with high natural populations of females in the field, 
and black light traps were more representative of local population densities 
(Beckham 1970, Hendricks et al. 1973, Roach 1975, Lopez et al. 1979, and 
Hartstack et al. 1983). Similar relationships have been reported for European com 
borer Osttinia nubilalis (Hubner) (Mahrt et 81. 1987), and western bean cutworm 
Loxagrotis albicosta (Smith) (Oloumi-Sadeghi et al. 1975). 

Trap catches alone, however, may not be indicative of oviposition on specific 
crops. Reduced oviposition on tomatoes in close proximity to silking corn (Zea 
mays L.) was reported by Whitcomb (1960) and Roltch and Mayse (1984). Corre
spondingly, oviposition on tomatoes increases with a decline in availability of 
silking·stage corn to Qvipositing moths (Roltch and Mayse 1984). In addition, 
Lycopersicon hirsutum Humb., 8 wild tomato species, is highly attractive to H. zea 
for oviposition compared to cultivated tomato (Juvik et aI. 1988, Campbell 
1990). 

The objective of this work was to assess the potential for using pheromone 
traps to schedule insecticide applications on tomatoes against H. zea in western 
North Carolina. H. zea populations were monitored using black light and pheromone 
traps and the resulting dota related to abundance of eggs on com and tomatoes. 

Materials and Methods 

Black light traps utilized were standard free-standing 110·volt alternating 
current powered units (0. B. Enterprises, Oregon, Wisconsin). The lights were 
approximately 1 m above the ground with a collection funnel and container located 
below. A plastic strip impregnated with vapona (Hercon Laboratory Corporation, 
Emigsville, Pennsylvania) was placed in the collection container to kill trapped 
insects. Pheromone traps were free-standing cone traps (Hartstaek 1979). The trap 
consisted of a wire mesh cone 45 em diam at the base, on a post 1.6 m above the 
ground. A collection cage at the top trapped adults. The synthetic sex pheromone 
of H. .lea (Trece, Inc., Salinas, California) was contained in a rubber septum 
attached to the base of the cone. 

Individual black light and pheromone traps were located adjacent to tomato 
research plots at the Mountain Horticultural Crops Research Station (MHCRS), 
Fletcher, North Carolina, the Mountain Research Station, Waynesville, NC, and 
commercial fields in Rowan Co., NC (located in the piedmont section of the state) 
in 1987, 1988, and 1989. At all locations, tomatoes were in close proximity to com 
fields (~400 m). Traps were checked for H. .lea adults three times per week. 

All com fields in the silking slage located near MHCRS (.<; 3.2 km) were 
sampled for H. zea eggs in 1988 and 1989 on a weekly basis beginning in mid-July. 
Two fields were sampled each week, by examining 50 ears for H. zea eggs on the 
silk. When the silks dried and corn became less attractive to H. zea for oviposition, 
snmpling was shifted to other, later-planted fields until all corn plantings in the 
area ceased to be attractive to H. zea for oviposition. 

Oviposition data from tomato research plots at the Mountain Horticultural 
Crops Research Station (Campbell 1990) were used as an indication of oviposition 
activity on tomatoes. Five-wk-old greenhouse-grown transplants were planted in 
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mid-June of each year, and egg sampling was initiated at first fruit set in mid-July 
(plants approximately 30 cm tall). Oviposition on L. hirsutum PI 126445 was included 
because it is more attractive to ovipositing females than L. esculentum (Campbell 1990). 
L. esculentum (cv. Walter) was used to monitor oviposition on cultivated plant 
types. Plants were checked weekly for the presence of H. zea eggs by observing 
five tenninals in each of four replications. A terminal consisted of an axillary shoot 
from the apex down to and including the first fully expanded leaf. 

Linear correlation analysis (Wilkinson 1987) was conducted to determine the 
relationship between black light and pheromone trap catches, and the relationship 
between trap catches and H. zea oviposition on tomato. Black light and pheromone 
trap data were transfonned using VX+""Tprior to correlation analysis with oviposition 
data. Egg count data from PI 126445 and 'Walter' were combined for correlations 
with trap data because of the low egg counts on 'Walter.' 

Results and Discussion 

At both the Fletcher and Waynesville locations, H. zea populations varied from 
year to year in both intensity and timing of night periods. Neither the pheromone 
nor black light traps consistently showed clearly defined peaks representing 
separate generations (Figures 1-4). In general, the number of H. zea caught by 
both types of traps over the course of the season indicated a trend towards 
increasing populations as the season progressed. This is consistent with the 
findings of Walgenbach et al. (1989), who concluded that immigration of H. zen 
adults was most important in initiating infestations in western North Carolina. 
Only at Fletcher in 1989 did there appear to be two clearly defined moth flight 
peaks. At the Rowan County location, which is approximately 460 m lower in 
elevation than the mountain locations, two defined night periods occUlTed each 
year as judged by pheromone trap-catch data (Fig. 5). The first occurred in May to 
early June, and the second in mid· to late July, and populations remained high 
throughout August. 

Although pheromone and black light traps did not always exhibit similar 
nuctuations in moth activity, significant correlations in seasonal catches between 
the two types of traps occurred in four of the nine trapping locations-years; 
including Fletcher in 1987 (df = 19, t = 3.419, P = 0.003, r' ~ 0.381) and 1989 
(df = 18, t ~ 4.450, P < 0.001, r' ~ 0.524), and Rowan in 1988 (df = 10, t = 3.29, 
P = 0.008, r' ~ 0.642) and 1989 (df = 16, t = 2.284, P = 0.036, r' ~ 0.246). Pheromone 
trap catches generally showed increases during early stages of H. zea night 
periods, while black light trap catch increases occurred primarily during flight 
periods later in the season when populations were at their highest levels (Figs. 1
5). This trend has been previously reported by Roach (1975) and Snow et al. 
(1972). Although Hendricks et al. (1973) attributed reduced pheromone trap 
catches, in comparison to black light trap catches in southern Texas, to high H. zea 
populations, we did not observe this trend consistently. 

Although it is difficult to compare the performance of the two trap types based 
on numbers of moths captured, the relative catch varied from year to year. In 
general, black light traps captured more moths than pheromone traps later in the 
season when populations were at their highest. However, exceptions occurred in 
1988 at the \Vaynesville location, and in 1989 at both the Waynesville and Rowan 
locations. These three instances were also when H. zea populations were lowest 
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Fig. 1.	 Helicouerpa zea moths caught per trap weekly in black light (BLT) and 
pheromone (PT) traps, and H. zea eggs collected weekly on Lycopersicon 
hirsutum PI L26445 and L. esculentum cv. Walter. Fletcher, NC 1987. 
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Fig. 3.	 Helicoverpa zea moths caught per trap weekly in black light (BLT) and 
pheromone (PT) traps, and H. zea eggs collected weekly on corn, 
Lycopersicon Itirsutum PI 126445 and L. esculentum cv. Walter. Fletcher, 
NC 1989. 

(peok black light trap catches were < 100 moths/wk). These results, coupled with 
the fact that pheromone trap catches were often higher than black light trap catches 
eady in the season when moth populations were lower, suggests that pheromone traps 
are more sensitive than black light traps to moth activity at lower densities. 

Helicouerpa zea oviposition data from L. hirsutum PI 126445, a highly attractive 
plant for oviposition, indicated that egg densities increased over the course of the 
season, \vith very few eggs observed prior to late July in any year (Figs. 1·3). The 
highest catches in black light traps at the Fletcher location occurred as oviposition 
reached peak levels. Lopez et al. (1979) reported that peak H. zea oviposition in 
com and sorghum (Sorghum ',a/epense IL.\) correlate well with peak black light 
trap catches of males. 

Although pheromone traps attracted moths throughout much of the season, 
oviposition on tomatoes did not increase until later in the season. Data from com 
fields near the Fletcher site suggests that the decline in the abundance of silking 
stage corn and oviposition by H. zea on corn corresponds to increases of egg 
populations on tomatoes (Figs. 2 and 3). Silking corn is most attractive to H. zea 
for oviposition (Johnson et al. 1975), and reduced oviposition by H. zea on 
tomatoes grown in close proximity to corn has been reported (Whitcomb 1960, 
Roltch and Mayse 1984). Once corn was no longer in the silking stage, and 
oviposition switched to tomatoes, egg populations on tomatoes tended to incl'ease. 
Oviposition occurred earlier, and at highel" levels on PI 126445 than on Walter. 
This is most apparent in 1987 (Fig. 1) and 1988 (Fig. 2). 1n 1989 (Fig. 3), 
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populations of H. zea were much lower, and the difference in egg populations 
between L. hirsulum and L. esculentum were less apparent. 

Black light trap catches correlated well with H. zea oviposition on tomato in 
1987 (df = 10, 1 = 3.192, P = 0.010, r' = 0.505) and in 1988 when the last two 
sampling dates were discounted (df = 6, t = 2.2714, P = 0.034, i' = 0.553). Correlations 
between pheromone trap catches and H. zea egg counts on tomato after corn was 
attractive were significant only in 1988 (df = 5, t = 3.062, P = 0.028, i' = 0.652). 
However. significant correlations were detected between pheromone trap catches 
occurring 1 and 2 wk before egg count data on tomato (after corn was attractive) in 
1987 (df = 4,1 = 3.885, P = 0.018, r' = 0.790) and 1989 (df = 3, t = 5.671, P = 0.011, 
r2 = 0.915), respectively. 

The significant correlations bew.'een pheromone trap catches and oviposition 1 
and 2 wk later on tomato. suggest that pheromone trap catches may serve 8S an 
early indicator of when the transition in Helicouerpa zea oviposition from com to 
tomatoes is likely to occur. This is in contrast to Heliothis uirescens (F.) oviposition 
on cotton in South Carolina, where trap catches correlated well with egg counts 
(Johnson 1983). In our studies, when pheromone trap catches were low « 20/wk), 
oviposition on tomatoes was also low. However, increases in trap catches (> 20/ 
wk) did not necessarily result in oviposition on tomatoes, since com was more 
attractive to Helicouerpa zea than wild or cultivated tomatoes. Not until area corn 
fields finished silking and began to decline did oviposition begin on tomatoes, and 
the attractiveness of PI 126445 to ovipositing moths enabled us to detect the 
switch from com to tomato more readily than ·Walter'. Thus, insecticide applications 
based solely on pheromone trap catches would likely result in an excessive number 
of applications. 

Insecticide applications for H. zea control on staked tomato must begin at the 
fIrst incidence of H. zea oviposition, since this is an extremely high value crop and 
even small amounts of damage are very costly. In western North Carolina, 
tomatoes are treated on a 5- to lO-d schedule beginning shortly after planting and 
continuing until the end of the season. Most of these insecticide applications are 
directed at preventing damage by H. zea. Our data show that once oviposition on 
tomatoes by H. zea is initiated, it continues throughout the season (Figs. 1-3). This 
work has also shown that pheromone traps located near tomato fields can be an 
effective tool for facilitating the early detection of H. zea oviposition on tomatoes 
by providing a means to time egg scouting. Initiating insecticide applications when 
oviposition begins in tomato would eliminate unnecessary early-season insecticide 
applications. 
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ABSTRACf Populations of the trefoil seed chalcid, Broc1wphaglJS platjpteros 
(Walker) (Hymenoptera: Eurytomidllc), were monitored in plots of birdsfoot 
trefoil (Lotus comiculalw; L.) that were treated wit.h malathion. Blossom llnd 
pod stage applications of insecticide did not provide adequate suppression of 
B. p{alypterns adults. Bud stage malathion applications were often associated 
with increased B. plal)ptenis sweep counts. Aprostocetus (= Tetrastichus) brucho
phagi (Gahan), a parasitoid of the seed chalcid. was also sometimes found in 
higher numbers in treated plots. The loss of plant bugs (Hemiptera: Miridae) in 
the treated trefoil resulted in earlier blossoming than in the untreated trefoil. 
The seed chalcids were presumably lltlracted to this more mature trefoil. In one 
trial, parasitism rates were decreased in the bud stage and the multiple spray 
treatments. We recommend that when an insecticide trelltment is required in 
trefoil seed production, that it be applied during the early bud stage to 
minlmize loss of parasitoids. B. platyplcrus sweep counts at their peak correlated 
highly (I' = 0.637, df = 82) with seed damage estimates. 

KEY WORDS Birdsfoot trefoil, trefoil seed chalcid, Hymenoptera, Eut)'tomidae, 
BrucJwphagus platypteros. malathion, parasitoid, Mesopolobus brochophagi, Apro
stocelllS bruchophagi. 

Birdsfoot trefoil, Lotus corniculatus L., is a forage legume crop grown primarily in 
the northeastern and northcentral regions of the United States. The crop is 
adapted to a wide range of soil conditions and provides an alternative to alfalfa on 
poorly drained or low fertility soils (MilleI' 1984). In 1989, 98% of the seed crop in 
the United States was produced in Minnesota, Wisconsin and Michigan (Association 
of Official Seed Certifying Agencies 1989). The trefoil seed chalcid, Bruchophagus 
plalypterus (Walker), feeds exclusively on trefoil seeds in the larval stage and has 
been recognized as a potential threat to tl'efoil seed production (Batiste 1967, 
Wipfli et al. 1989). 

Plant bugs (Hemiptera: Miridae) feed on and destroy trefoil buds, delaying 
maturity, and feed on pods, causing seeds to shrivel (Wipfli et al. 1990, Peterson 
1991). The three most commonly found plant bug species in trefoil fields are the 
alfalfa plant bug, Adelphocoris lineolatus (Goeze), the tarnished plant bug, Lygus 
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lineolaris (Palisot de Beauvais), and Plagiognathus chrysanthemi (Wolff). Despite 
major efforts to provide biological control of plant bugs (Hedlund and Graham 
1987), chemical suppression of these pests is often required in trefoil seed 
production. Studies have shown that chemical control of seed chalcids is usually 
not successful (Bacon et al. 1964, Nang'ayc 1990). Four species of parasitoids are 
known to attack the trefoil seed chalcid in Wisconsin (Peterson et al. 1991), hut 
effects of plant bug management on these insects was not known. The purpose of 
this study was to determine the effects of insecticide treatment on subsequent 
populations of the trefoil seed chalcid and two of its parasitoids. 

Materials and Methods 

Experimental Design. Five insect management treatments were examined in 
two experiments from 1988-1990. These studies were done in conjunction with the 
studies described in Peterson (1991). Malathion was applied at LAO kglha with a 
backpack sprayer at various trefoil phenological stages. The treatments were: 1) no 
insecticide ("CHECK"), 2) sprayed at bud stage ("BUD"), 3) sprayed at blossom 
stage ("BLOSSOM"), 4) sprayed at pod stage ("POD") and 5) sprayed three or four 
times ("CLEAN"). Plots were 12.8 by 12.8 m with I-m mowed borders around each 
plot. The five treatments were replicated in a randomized complete block design. 

Fields. The herbicide dalapon (Dowpon M, Dow Chemical Company, Midland, 
Michigan) was applied (4.48 kglha) for grass weed control in the plots when 
grasses were approximately 10 to 15 cm tall. In 1988, trials were conducted in two 
trefoil seed production field!'! in Bayfield County, Wisconsin. The first experiment 
was carried out at the Ashland Agricultural Research Station in a 5-yr-old field of 
'Leo' birdsfoot trefoil (Field 1). Treatments in Field 1 were replicated three times; 
in all other experiments treatments were replicated four times. The second trial 
was conducted in a 7-yr-old commercial field of 'Empire' birdsfoot trefoil (Field 2) 
approximately 4.8 km east of the research station. Two additional trials were 
conducted in 1989. The first experiment was conducted at the AsWand Agricultural 
Research Station in a 2-yr-old field of 'Noreen' birdsfoot trefoil (Field 3). A second 
study was conducted in a l-yr-old commercial field of 'Empire' birdsfoot trefoil 
(Field 4) approximately 604 km south of the research station. 

In 1990, two additional experiments were conducted. The same fields that were 
used in the 1989 studies (3 and 4) were used again, however, plots were located in 
different regions to avoid residual effects from the previous years' treatments. 

Insect Sampling. Insects were monitored by taking one sample of 20·pendulum 
sweeps with a 38-cm diam sweep net at weekly intervals in each plot. Trefoil seed 
chalcid adults were counted in each experiment. In 1989 and 1990, populations of 
the two most common Hymenopteran parasitoids of trefoil seed chalcid in Wisconsin, 
Mesopolobus bruchophagi Gahan (Pteromalidae) and Aprostocetus (= Tetraslichus) 
brucllOphagi (Gahan) (Eulophidae) (Peterson et al. 1991), were monitored. Only 
male M. bruchophagi were counted in 1988 because of uncertainty in identifying 
females at that time. Sweep counts in each plot were summed over the entire 
season and these counts are referred to as "totals". 

Voucher specimens for this study, consisting of six adult males and six adult 
females each of the trefoil seed chllicid, B. p{atypterus, and the two parasitoids, M. 
bruchophagi and A. bruchophagi, have been deposited in the Insect Research 
Collection of the Department of Entomology, University of \Visconsin·Madison. 



27 PETERSON et al.: Trefoil Seed Chalcid Response to Malathion 

Parasitism rates of the trefoil seed chalcid were determined in the 1989 and 
1990 experiments from seed harvest samples. Strong (1962) found that exposure to 
low temperatures hastened the termination of diapause, therefore seed samples 
were chilled at 4°C for at least 30 d. A 5.84-cc aliquot of seed (approximately 3750 
seeds) was then taken from each harvest sample, placed in a 60-ml jar and held in 
a growth chamber (25.0-27.5'C, pbotoperiod L6: 8 L:D). A pan of water was held in 
the chamber to maintain high humidity. Samples were checked three to four times 
per week and all emerged insects were counted. Because not all parasites will 
successfully emerge, the parasitism rates are probably underestimated slightly. 

Seed Damage Sampling_ Seed damage was estimated by applying three L1.4
em by 4-mm strips of rubber cement to an index card using a fine bristle paint 
brush. Seeds were sprinkled on the card, the excess seeds were poured off and 
seeds remaining on the card were counted with the assistance of a dissecting 
microscope. Each sample consisted of approximately 750 seeds that were classified 
as either sound, seed chalcid-damaged or otherwise damaged. Trefoil seed chalcid
damaged seed can be identified by the hole remaining after an adult has exited or, 
if the lalVa is inside, by the pale coloration and dull finish. An advantage to 
securing seeds to a card by rubber cement is that the seeds can easily be 
dissected when one is unsure if it is chalcid-damaged (Strong 1960). 

Statistical Analysis. Two-way analysis of variance was used to test for 
significant differences among treatments. Data were transformed prior to analysis 
of variance to improve residual plots. Sweep counts were transformed by square 
root of (y + 1) and the proportion of seed that was damaged was transformed by 
arcsine of the square root of y. Means were compared using the protected least 
significant difference method (P = 0.05). Means were then converted back to their 
original values for tables and figures. Sweep counts of trefoil seed chalcid at their 
peak in 1989 and 1990 were compared to the seed chalcid damage data using 
Model II reduced major axis regression, because both variables were subject to 
error (Sakal and Rohlf 1981). This model forces the regression line through the 
bivariate mean, i.e. the point whose coordinates are the mean of the x-axis and the 
mean of the y-axis. 

Results 

1988 lnsecticide Timing Trials. There was no significant difference in total 
trefoil seed chalcid levels {Field I: F = U7; df = 4,8; P> 0.25; Field 2: F ~ 0.57; 
df = 4,12; P> 0.25; (Fig. IA,B), altbough the BUD and CLEAN treatment counts 
ranged fTom 21 to L21% higher than the CHECK treatment in both trials. There 
was no significant difference in total M. bruchophagi levels in either trial (Field 1: 
F = UL; df ~ 4,8; P> 0.25; Field 2: F = 2.65; df = 4,L2; P> O.LO) (Fig. IA,B). 

Chalcid-damaged seed in Field 1 averaged 24.7% with no significant differences 
among treatments (F ~ 2.02; df ~ 4,8; P> 0.10). In Field 2, chalcid damaged seed 
averaged 9.8% with no significant differences (F = 1.43; df = 4,12; P> 0.10). 

1989 Insecticide Timing Trials. There were significant differences among 
treatments in the total counts of the trefoil seed chalcid in Field 3 (F = 4.53; 
df = 4,12; P < 0.05). The BUD and CLEAN treatments had significantly higher 
levels of trefoil seed chalcid than the CHECK treatment (Fig. 2A). Total sweep 
counts of M. bruchophagi were not significantly different among treatments 
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Fig. 1. Total sweep counts of trefoil seed chalcid (TSC) and Mesopolobus 
brnchophagi males (MB m) in birdsfoot trefoil in tbe 1988 trials. A) 
Field 1; B) Field 2. Vertical lines represent SEM. Bars within a species 
followed by a different letter are significantly different (P < 0.05; protected 
least significan"t difference method). 
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(F = 3.07; df = 4,12; P> 0.10), but there was a significant treatment effect on A. 
bruchophagi totals (F = 5.16; df = 4,12; P < 0.05). 'The BUD treatment had significantly 
higher levels of A. bruchophagi compared to the other treatments (Fig. 2A). 

In Field 4, levels of trefoil seed chalcid were elevated in the CLEAN treatment 
but the probability level of the F statistic was slightly larger than 5% (F = 3.22; 
df = 4,12; P = 0.0518) (Fig. 2B). M. bruchophagi and A. bruchophagi totals were not 
significantly different among treatments (F = 0.72, 1.18; df = 4,12; P> 0.05). 

There were no significant differences in chalcid-damaged seed in either field 
(Field 3: F = 1.64, Field 4: F = 0.81; df = 4,12; P> 0.25). Seed chalcid-damaged 
seed averaged 4.4% in Field 3 and 2.6% in Field 4. Parasitism averaged 8.4% in 
Field 3 and 4.2% in Field 4 but neither mal exhibited differences among treatments 
(Field 3: F = 2.98; df = 4,12; P> 0.05, Field 4: F = 0.10; df = 4,12; P> 0.25). 

1990 Insecticide Timing Trials. Total trefoil seed chalcid, M. bruchophagi 
and A. bruchophagi levels did not differ significantly among treatments in Field 3 
(F = 1.18-1.72; df = 4,12; P> 0.10) (Fig. 3A). In Field 4, however, there was a 
significant difference among treatments for total trefoil seed chalcid counts 
(F = 12.42; df = 4,12; P < 0.005). There were significantly higher population levels 
in the BUD treatment than in the CHECK (Fig. 3B). There was no significant 
difference in the total M. bruchophagi counts (F = 2.31; df = 4,12; P> 0.10); 
however, there were significant differences among treatments fOl' total levels of A. 
bruchophagi (F = 6.95; df = 4,12; P < 0.005). There were significantly more A. 
bruchophagi found in the CLEAN treatment compared to the other treatments. 

ill Field 3, them was a significant difference among treatments for chalcid
damaged seed (F = 3.80; df = 4,12; P < 0.05). The CHECK, BLOSSOM and 
CLEAN treatments had significantly more chalcid seed (mean = 11.7%) than the 
POD (5.1 %) while the BUD treatment was intermediate (9.0%). In Field 4, chalcid
damaged seed was significantly higher in the CLEAN and BUD treatments 
compared to the CHECK and POD (Table 1). 

Parasitism was not significantly different among treatments in Field 3 (mean = 8.0%; 
F = 2.40; df = 4,12; P> 0.05); however, there was a significant difference among 
treatments in Field 4 (Table 1). The BUD and CLEAN treatments displayed 
significantly reduced parasitism compared to the other treatments. 

The correlation coefficient between peak sweep sample and trefoil seed chalcid 
damage was 0.637, df = 82 (Fig. 4). The 1988 data were not included in the 
correlation because yields were exceedingly low that year. Model IT regression of 
peak trefoil seed chalcid population on seed chalcid damaged seed produced the 
equation: Y = 0.120 + 0.00201 • C, where Y = proportion of chalcid-damaged seed 
(transformed by arcsine of the square root of y) and C = number of adult trefoil 
seed chalcids in 20 sweeps at peak. Table 2 lists predictions of seed damage with 
95% confidence intervals based on the trefoil seed chalcid population using the 
regression equation. 

Discussion 

In Field 3, 1990, we found that the POD stage malathion application significantly 
reduced trefoil seed chalcid damage, however, in the other studies, no difference 
was found. Late season insecticide applications for trefoil seed chalcid control will 
probably not be effective most of the time. Nangayo (1990) found that a prebloom 
application of dimethoate to birdsfoot trefoil did not control trefoil seed chalcid, 
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Fig. 3.	 Total sweep counts of trefoil seed chalcid (TSC), Mesopolobus bruchophagi 
(MB) and Aproslocetus bruchophagi (AB) in birdsfoot trefoil in the 1990 
trials. A) Field 3; B) Field 4. Vertical lines represent SEM. Bars within a 
species followed by a different letter are significantly different (P < 0.05; 
protected least significant difference method). 
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Table 1. Trefoil seed chalcid-damaged seed and parasitism rates in birds

foot trefoil, Field 4, 1990." 

TREATMENTb CHALCID DAMAGE (%) PARASITISM (%) 

CHECK 3.1a 38.5 b 

BUD 5.4 be 4.8 a 

BLOSSOM 3.7 ab 34.8 b 

POD 2.4 a 43.5 b 

CLEAN 6.2 c 2.8a 

F 4.80 16.28 

P < 0.05 < 0.01 
tl Means within a column followed by a different letter tire significantly different (dr", 4,12; P < 0.05: 

protected LSD method). 
b CHECK = no insecticide, BUD'" malathion applied at bud stage, BLOSSO\1 '" malathion applied at 

blossom stage, POD'" malathion applied at pod sillge, CLEAN", malathion applied four times. 

Fig. 4. Trefoil seed ehalcids (TSC) adults per 20 sweeps at their peak in 
birdsfoot trefoil and the resulting seed damage in harvest samples, 1989· 
1990. 
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Table 2.	 Predictions of seed chalcid damage based on trefoil seed chalcid 
(TSC) sweep counts at their peak. 

No. of TSC Predicted Seed Damage 
per 20 sweeps (Percent ± 95% CI) 

to 
20 
30 
40 
50 
60 
70 
80 
90 

100 
1I0 
120 
130 
140 
150 
i60 
170 
180 
190 
200 

2.0 ± [,9 
2.5 ± [,9 
3.2 ± 1.9 
4.0 ± 1.9 
4.B ± 1.9 
5.7 ± 1.9 
6.6 ± 1.9 
7.7 ± 1.9 
B.8 ± [,9 

10.0 ± 1.9 
11.2 ± 1.9 
12.5 ± 1.9 
13.8 ± [,9 
15.3 ± 2.0 
16.7 ± 2.0 
18.3 ± 2.0 
19.8 ± 2.0 
21.5 ± 2.1 
23.1 ± 2.1 
24.9 ± 2.1 

and he too found higher levels of trefoil seed chalcid in sprayed plots 12 dafter 
application. The occasional increased levels of trefoil seed chalcid and A. bruchophagi 
in our studies may have been the result of local migration. Adult female alfalfa 
seed chalcids, Bruchophagus roddi (Gussakovsky), will fly to alfalfa flowers (Kamm 
1989), and are attracted to pod extracts (Kamm and Buttery 1983). The action of 
insecticides on plant bugs allowed rapid bud and blossom development by trefoil 
(Peterson 1991). The large differences in crop maturity on the small scale of these 
plots was probably responsible for attracting these insects to the sprayed plots for 
feeding, mating and oviposition. [n alfalfa, we would expect similar results with the 
alfalfa seed chalcid when plots of varying maturity are in proximity to each 
other. 

Parasitism rates of the bud stage insecticide treatment were reduced in one 
trial. Few management practices are available to reduce seed chalcid damage 
which places increased importance on natural parasitism in regulating populations 
of the trefoil seed chaJcid. Unnecessary insecticide applications will usually be 
detrimental to parasitoid populations and should be avoided. Growers of trefoil 
seed will need to weigh the advantage of spraying an insecticide for plant bug 
control against the potential loss of trefoil seed chalcid parasitoids. If an insecticide 
treatment is required in a trefoil seed field, it is recommended that it be applied 
during the early bud stage to minimize non-target mortality of these parasitoids. 

Trefoil seed chaJcid damage can now be estimated by growers or crop scouts 
based on sweep counts of trefoil seed chalcid. To determine peak population, 
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growers should wait 300 DD using a lZoe base (Peterson et 01. 1991), then take 
sweep samples on three successive weeks. Three-hundred DD will usually accumulate 
by the early pod stage of trefoil development in the upper Midwest. The highest 
counts of trefoil seed chalcid can then be compared to Table 2. Knowledge of the 
potential of trefoil seed chalcid damage will help growers make management 
decisions. If chalcid damage is likely to be high (e.g. over 10%), then seed should 
be harvested as early as possible to minimize pod shattering, or hay should be 
harvested exclusively the next year (Nangayo 1990). 
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ABSTRACT Nesting boxes were used to transplant Fonnica "coelam (Emery) 
into pear orchards to net as biological control ngents of pear psyllu, Cacopsylla 
pyricola (Foerster) in an integrated psylla management system. Transplant 
success was ca. 80%. F. "coelara began contributing to pear psylla control 2 yr 
after introduction into an orchard. One colony of F. neoclara spread over ca. 2 
ha of orchard within 2 yr. 

KEY WORDS Insecta, biological control, rPM, beneficial insect introduction, 
Fonnica ncoclara, Cacops)'lla pyn"cola, Psyllidac, Fonnicidae, Hymenoptera, 
Homopter=a:... _ 

Ants are effective predators against a variety of insect pests (Liu 1939, Brown 
1959, Leston 1973, Finnegan 1974, Gotwald 1986), especially in long-term relatively 
undisturbed habitats, such as orchards and forests. Recent studies (paulson 1990) 
have found that predatory ants can significantly reduce population densities of 
pear psylla, Cacopsylla pyricola (Foerster), the most damaging pests of pears in 
Washington state. Currently pear psyUa control is attained through ex.tensive use 
of pesticides. However, rapid development of resistance by pear psylla to many 
widely used pesticides has diminished effectiveness of chemical programs and 
necessitated development of alternative methods for pear psylla control. One 
promising method is the deployment of predaceous ants. 

Ants can perform an important role in pear orchard management. both by 
preying upon psylla and by collecting honeydew. However, beneficial ants are not 
found in many pear orchards. This paper outlines a successful method for 
transplanting ant colonies into pear orchards where they can be incorporated into 
modified psylla management programs. 

This study focused on developing techniques for transplanting Fonnica neoclara 
(Emery) into pear orchards. However, the techniques outlined here can be utilized 
with many ant species. Although other species of ants could potentially be used as 
biological control agents of pear psylla, F. neoclara was chosen primarily because 
it was native to the pear growing areas of Washington and had been implicated as 
an important predator of pear psylla. It also has several other qualities which 
facilitated its use in this study. F. Madara is polygynous; colonies may contain 
hundreds of queens. This virtually guarantees that transplanted colonies will 
contain a viable queen. The presence of multiple queens also increases the 
reproductive potential of the colony and decreases the time for ants to reach 
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beneficial population densities. F. neoclara nests in the soil, forming low mounds. 
Nest sbucture simplifies its collection and does not interfere with orchard equipment 
Lastly, F. neoclara is relatively inoffensive to humans since it cannot sting and is 
too small to inflict a painful bite. 

Materials and Methods 

Wooden nesting boxes were constructed for collecting, transporting, and trans~ 

planting ant colonies. The size of boxes varied with ant colony size. A box 40 by 
60 by 30 em high was sufficient for most colonies. Boxes were constructed from 
low grade white pine. Treated lumber and wood products, such as particle board 
and plywood, were not used as construction materials because they may contain 
compounds which are potentially harmful to ants. Since nesting boxes in our study 
were used only once, emphasis was placed on simplicity and ease of construction. 
Planks (2.54 cm X 30.48 em) were nailed together with butt joints at the corners 
with an internal frame of 5.08 em X 5.08 cm studs added for strength. To prevent 
ants from escaping during transportation, care was taken to assure that joints of 
the boxes fit tightly. Duct tape was used as a final sealant. 

Ant colonies were carefuHy collected into nesting boxes using shovels. During 
collection, uninhabited nesting material was separated from material containing 
brood and workers. Methods were similar to those utilized by Bradley (1972) for 
relocating Formica obsuripes Forel and Dolichodereus taschenbergi (Mayr), except 
that colonies were collected into bags instead of wooden boxes. Colonies were 
collected during periods when ants were relatively inactive (early morning), and 
soil was moist. 

Before the boxes were sealed, cotton saturated with honey and water was 
placed inside with each ant colony. If the nesting material was very dry, 100·200 ml 
of watel' was misted on the colony inside the box using a hand-held squirt bottle. 
Sealed nesting boxes were disturbed as little as possible. Boxed colonies were 
held for 1-2 d in a cool « 27°C), dry, shady place prior to introduction into an 
orchard. 

In the orchard a hole large enough to accommodate a nesting box was dug in 
the soil in an area where the box would not be disturbed or inundated by 
irrigation. Several exit holes (2.5 em diam) were drilled through each side of each 
box before it was placed into the hole. Boxes were then buried under 12 em of 
soil. The location and movement of each nest was carefully monitored and 
recorded on a map of the orchard. 

A total of 27 F. neoclara colonies were introduced into two pear orchards under 
organic management located near Wenatchee, Washington during the summers of 
1987-1988. 

Results and Discussion 

Transplantation success was approximately 80%; 22 of 27 transplanted colonies 
were accounted for in 1989. Within 2 wk of introduction, ant colonies vacated the 
nesting boxes and established new nests usually within 3-4 m of the nesting boxes. 
The farthest that a colony moved from its nesting box was 19 m. The colonies 
relocated to areas with full morning exposure to the sun which were shaded during 
the afternoon. Although the ants did not remain in the boxes, the boxes protected 
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the ants during transportation and the initial period of introduction into the 
orchard. Ant mortality was negligible in properly handled boxes. 

After ant colonies have been introduced into an orchard, efforts must be made 
to conserve the ant population and to allow them to reproduce and spread 
throughout the orchard. With proper care ant population densities can reach 
beneficial levels very quickly. In our study, F. neaclara began to contribute to pear 
psylla management 2 yr after introduction_ At one site, pear psylla population 
densities at the end of the second season after ant introduction were one~fifth 

those of psylla densities before ant introduction (paulson 1990, Paulson and Akre 
1990, 1991). Significantly higher population densities of pear psylla were also found 
in trees from which ants were excluded from foraging (Akre and Paulson 1988, 
1989, Paulson 1989, Paulson and Akre 1990). In 2 yr, one colony of F. neoclora 
established new nests and foraged over a 2 ha area (Paulson 1990). 
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ABSTRACT Converted sorghwn, Sorghum bicolor (L.) Moench, accessions were 
compared with the available resistant genotype CM1821 for whorl-stage resistance 
to feeding by larvae of U)C fall armyworm, Spodoptera {rugiperda (J. E. Smith). 
When the sorghum lines were infesled in the field 4 wk after planting and rated 
7 d later. IS4023C nnd IS7399C were significantly less damaged (rating 3-4) 
than the resistant check CM1821 (rating 5). At 14 d after infestation, IS4023C, 
IS7399C, IS6962C, IS7724C, IS7695C, and IS1l51C had significantly less leaf 
damage (rating < 5.5) than the resistant check CM1821 (rating 6.3). When 
infestations were made 5 wk after planting, ISI056C, IS1l51C, IS2246C, IS2541C, 
IS3598C, IS4023C. IS6962C. IS6964C. IS7013C, IS7367C, IS7399C. IS7498C, 
IS7668C, IS7695C, IS7724C, and IS 12633C were more resistant (rating < 2.5) 
than the resistant CM L82L (rating 4) at 7 d after infestation. Except for 
ISLl5LC, IS4023C, and IS7399C all these lines plus ISI2680C had significantly 
less damage (rating < 2.7) at 14 d after infestation compared with the resistant 
check (rating 3.7). Laboratory bioassays showed that ISI056C, IS2177C, IS2246C, 
IS4023C. IS7399C, and IS l2680C had a significantly higher antibiotic resistance 
than CM1821. No significant relationship was established between resistance 
and acid detergent fiber, neutral detergent fiber. or tannin concentrations in the 
leaves. Resistance was, however. positively correlated with higher concentrntions of 
total nitrogen in sorghum leaves. 

KEY WORDS Insecta, Lepidoptera, Noctuidae, Spodoptem frugiperda, Sorghum 
bicolor, converted sorghum lines, plant chemical components. 

The fall 8lmywonn (FAW), Spodnptera [rugiperda (J. E. 8mith), is an economically 
important pest of sorghum, Sorghum bieolor (L.) Moench, throughout the Americas 
(Andrews 1980, Anderson and Cherry 1983, Andrews 1988, Ashley et al. 1989). 
Andrews (1988) reported that FAW infestations in the whorl reduced groin yields 
of susceptible sorghum lines by 55·80%. FAW acted as a cutworm in 13- to 22-d
old sorghum plants and caused 50% yield loss (Andrews 1988). Studies by Diawara 
et al. (1991) showed a grain yield reduction of 76-85% due to FAW whorl feeding 
damage on the susceptible sorghum line Huerin Inta, while losses varied from 0% 
to 33% on the resistant lines 1812573C, CM1821, I812679C, 187273C, and 
IS7444C. Thus, the use of resistant sorghum cultivars may be an alternative to 
chemicals for the management of FAW in sorghum. 
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The genotype CIMMYT (CM) 1821 remains the only identified sorghum line 
that has been characterized 8S having whorl feeding resistance to FAW in the 
United States (Wiseman and Gourley 1982, Wiseman and Lovell 1988). Diawara et 
al. (1990) reported resistance to FAW in sorghum accessions after artificially 
infesting the plants in the whorl-stage 6 wk after planting. Previous studies showed 
that panicle-feeding resistance to FAW in sorghum was correlated with higher 
concentrations of total nitrogen, neutral detergent fiber, and tannin in sorghum 
florets (Diawara et a1. 1991). We investigated herein twenty sorghum accessions, 
selected from previous screening experiments (Diawafa et a1. 1990), for detailed 
studies of whorl feeding resistance at earlier stages of plant vegetative growth. We 
also determined the relationship between resistance and leaf content of total 
nitrogen, acid detergent fiber (ADF), neutral detergent fiber (NDF), and tannin. 

Materials and Methods 

Converted sorghum lines were obtained from D. T. Rosenow at the Texas A&M 
University Agricultural Research and Extension Center at Lubbock, Texas, after 
exotic sorghum introductions had been crossed with local lines to obtain early
maturing, short genotypes that can flower in temperate regions (Stephens et al. 
1967). The FAW were from a colony maintained (Burton and Perkins 1989) at the 
USDA Insect Biology and Population Management Research Laboratory at Tifton, 
Georgia. Three experiments were conducted. 

Experiment 1. The sorghum test entries were planted at the University of 
Georgia Coastal Plain research farm at Tifton, Georgia on a Tifton sandy loam soil 
(Fine-loamy, siliceous, Thermic Plinth!c Paleudult) with a pH of 6.4. The experi
mental area was bottom-plowed and 448 kg/ha of 5-10-15 (N-P-K) fertilizer was 
broadcast and incorporated with a disc prior to sorghum planting. Plots were 
irrigated as needed to maintain adequate soil moisture for normal plant growth 
and development. 1\venty converted sorghum lines were planted on 29 June 1989 
in single rows of 5 m spaced by 80 em. Seeding rate was 5·6 seeds/30.5 em row 
length. Plants were thinned to a density of 7-8 plants/m row length. A resistant 
check CM1821 (Wiseman and Gourley 1982) and a susceptible check Huerin Inta 
(Wiseman and Lovell 1988) were included. Two separate plantings were made. For 
each planting, a randomized complete block with seven replications was used. 

In the first planting, the plants were infested by placing 50 FAW neonates into 
the whorls using a mechanical larval dispenser (Wiseman et al. 1980) 4 wk after 
planting. The sorghum was in the growth stage (GS) 2 with the collar of the fifth 
leaf visible (Vanderlip and Reeves 1972) at time of infestation. Visual damage 
ratings were taken at 7 and 14 d after infestation. Three independent ratings were 
taken and averaged. Ratings were based on a visual rating scale of 0-9, where for 
rating at 7 d after infestation, 0 = no damage, 5 = more than five small (up to 1 
crn) elongated holes and four to five medium (l to 3 em) elongated holes on the 
whorl and/or furled leaves, and 9 = many (> 5) elongated holes on whorl and 
furled leaves plus elongated or irregular pOl'tions of the furled leaves including 
basal membrane eaten. For rating at 14 d after infestation, 0 = no damage, 5 = more 
than five large (> 3 em) elongated holes on a few whorl and furled leaves and/or 
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three or less small to medium sized portions eaten from the whorl and furled 
leaves, and 9 = plant almost totally destroyed (DialVara et al. 1990). 

The test procedures in the second planting were the same as for the first 
planting, but the plants were infested 5 wk after planting when the sorghum was in 
as 3 with seven fully expanded leaves. 

Experiment 2. The three middle whorl leaves for each of the entries tested in 
experiment 1 were haIVested prior to infestation in both plantings. Leaves were 
harvested from the first 2 m of row. Plants of the remaining 3 m of row were 
infested as described in experiment 1. The samples were oven-dried at 42°C for 7 
d, then ground to a fine powder using sample mill (1 mm screen) (Cyclotec TC 
1093, Fisher Scientific, Atlanta, Georgia), and stored at _10°C. 

For the leaves haIVested 4 wk after planting, each treatment was prepared by 
thoroughly blending 10 g of ground sample of each line for about 2 min in 125 ml 
of distilled water plus 250 ml of pinto bean diet formulated as described by 
Burton and Perkins (1989). The resistant check CM1821, the susceptible Huerin 
Into, nnd a control treatment consisting of bean diet only were included. The 
mixtures were dispensed into 30-ml cups (about 10 ml per cup, 30 cups per 
treatment) and allowed to cool at ambient temperature for about 2 h. One FAW 
neonate was placed in each cup, which was then capped with a paper lid. 
Treatment cups were arranged as a randomized complete block with six replications 
of five cups per replicate. Replicate means were used for analysis of variance. The 
treabnents were maintained at a constant temperature of 27 ± 2°C, 75 ± 5% RH, 
and 14:10 (L:D) photoperiod. Larvae lVere confined on the diet until they pupated. 

Variables measured. For each treatment, FAW parameters measured were 
weight of larvae at 9 d, duration of the larval stage, weight of pupae, duration of 
larva + pupal stage (mean generation time), and larval + pupal mortality. Pupal wt, 
mean generation time, and mortality were used to determine survivorship, fecundity, 
net reproductive rate, intrinsic rate of increase, and relative fitness of FAW cohorts 
reared on the different sorghum genotypes. 

The frequency of 18lVai plus pupal mortality was used to detennine survivor
ship: 

[(adult) = 1 - m 

where m is the frequency of larval + pupal mortality. SUIVivorship was considered 
here as the probability of surviving to adult. 

Fecundity lVas calculated as given by Leuck and Perkins (1972) for FAW: 

F ~ 5.331' - 423.23 

where p is the pupal wt in mg. 

The net reproductive rate J?O, a measure of the rate of increase of a population 
per generation, was calculated using fecundity and survivorship (Birch 1948): 

RO ~ F [(adult) 

where F is the fecundity and {(adult) is the survivorship. The net reproductive rate 
is also referred to as the net replacement rate (Price 1984, pp. 214-215). 
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The intrinsic rate of increase was calculated as given in Birch (1948): 

where J?f' is the net reproductive rate and T is the mean generation time as 
measured in number of days required to develop from egg to adult. 

The intrinsic rate of increase, a measure of biological fitness, was used to 
determine the relative fitness according to Cavalli·Sfofz8 and Bodmer (1971, p. 
302): 

where rJ and r2 arc the respective intrinsic rate of increase of the two cohorts 
being compared and T is the mean generation time. Relative fitness determines 
the ability of individuals to compete, survive, and reproduce in an environment. It 
is measured on 0 - 1 scale: the best adapted individuals have a fitness of 1 while 
individuals that cannot reproduce have a 0 fitness. For the purpose of this study, 
relative fitness was compared with the cohort having the highest intrinsic rate of 
increase; i.e., T is the mean generation time of the cohort reared on the diet 
treatment that induced the highest intrinsic rate of increase. 

Leaves harvested in the test infested 5 wk after planting were processed 
separately. The test procedures and FAW variables measured were the same as for 
leaves harvested 4 wk after planting. 

Experiment 3. This experiment was conducted to establish the relationship 
between resistance to S. {rugiperda and the concentration of total nitrogen, acid 
detergent fiber (ADF), neutral detergent fiber (NDF), and tannin in sorghum 
leaves. Analysis for tannin, total nitrogen, and detergent fibers were conducted on 
duplicate oven-dried, ground samples used in experiment 2. Tannin content was 
determined using a modified Burns (1963) procedure. The modification was the 
use of a solvent plus tissue blank with no vanillin chromatogen. This accounted for 
pigments with interfering absorption at the 495 nm wavelength on a Bausch and 
Lomb Spectronic 21 UVD spectrophotometer. Total nitrogen and detergent fiber 
analyses were performed using Pacific Instruments Model 6250 (Silver Spring, 
Maryland) near infrared reflectance monochromator interfaced with a personal 
computer. Software used for the computer was that developed by the Pennsylvania 
State University (Shenk et a1. 1981). Internal standard equations were utilized for 
prediction of NDF, ADF, and total nitrogen. No spectral outliers were present in the 
scanned samples; therefore, chemical analyses for validation were not conducted. 

Data analysis. Data for each experiment were analyzed separately using 
standard analysis of variance of the general linear model procedures (SAS Institute 
1985). Statistically different means for experiment 1 and the two diet tests of 
experiment 2 were separated at the 5% level using protected least significant 
difference analysis (Snedecor and Cochran 1980). Correlation between resistance 
and plant chemical components was determined using simple regresssion analysis 
(SAS Institute 1985). 

Results and Discussion 

Experiment 1. Data in Table 1 show FAW leaf feeding damage to 4- and 5-wk
old sorghum plants 7 and 14 d after infestation. When the sorghum was infested 4 wk 
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Table 1. Spodoplera {rugiperdo leaf Ceeding damage to 4- and 5-wk-old 
field grown converted sorghum genotypes at 7 and 14 dafter 
artificial inCestation (DAII, Tift Co., Georgia, 1989.° 

Injury ratingb 

4-wk-old plants" 5-wk-old plants" 

Genotype 7 DAI 14 DAI 7 DAI 14 DAI 

Huerin (Susc. cbeck) 5.0 eCg 7.6 abc 5.7 ab 7.6 a 
CM1821 (Rest. check) 5.0 eCg 6.3 Cgh 4.0 ed 3.7 edeC 
IS7013C 7.0 a 7.0 edeC 1.3f l.lj 
IS6962C 6.4 ah 5.1 jk 1.7f 1.7 ij 
IS6964C 6.1 he 6.6 deCgh 1.0 f 1.6 ij 
IS7668C 6.0 bed 6.0 ghi 1.0 f I.1j 
IS7724C 6.0 bed 5.4 ijk 1.9 f 1.9 bij 
IS7695C 5.7 bede 5.3 ijk 2.3 ef 1.4 ij 
IS7498C 5.7 bede 6.4 efgb 2.1 ef 1.9 hij 
IS7367C 5.4 edef 6.9 edef 1.6 f 2.3 ghij 
ISI2680C 5.3 def 6.7 defg 3.5 ed 1.7 ij 
IS2541C 5.3 def 6.3 fgh l.lf I.7 ij 
ISl2633C 5.0 efg 7.1 bcde 1.0 C 1.0j 
ISI056C 4.9 fg 5.9 hij 1.0 f 1.0j 
IS3598C 4.7 fgh 7.3 bed 2.4 ef 2.3 gbi 
IS6984C 4.7 fgh 8.1a 7.4 a 5.1 be 

IS3552C 4.4 gh 7.1 bede 4.3 bed 5.1 be 
IS1l51C 4.4 gb 5.4 ijk 2.3 ef 3.3 defg 
IS2177C 4.4 gb 7.6 abe 4.9 bed 5.7 b 
IS2246C 4.3 gh 7.6 abe 1.9 f 2.7 ghi 
IS4023C 4.0 h 5.4 ijk 2.4 ef 3.1 efgb 
IS7399C 3.0 i 4.9 k 2.1 ef 3.0 efgb 

(J	 Means not followed by the sume letter in a column are statistically different (P < 0.05; as determined by 
protected least significant difference analysis ISnedecor and Cochran 19801). 

b	 Based on a visual rating scale of ().9 where: for rating at i DAI, 0 = no damage. 5 = more than five small 
(up to 1 cm) elongated holes Ilnd four to five medium (I to:J em) elongated holes on the whorl and/or 
furled lea\'e8, and 9 = man)' (> 5) elongated holes on whorl and furled leaves plus elongated or irregular 
portions of the furled leaves including basal membrane eaten. For rating at 14 OAI, 0'" no damage, 
S = more than fi\'e large (> :J em) elongated holes on a few .....horl and furled leaves and/or three or less 
small to medium sized portions eaten from the whorl and furled leaves, and 9 = plant almost totally 
destroyed (Oiawara et a\. 1990). 

r	 The 4- .....k.old plants were infested when the sorghum was in gro\\1h stage (GS) 2 (Vanderlip and Reeves 
1972) and the 5-wk-old plants were infested when the sorghum was in OS 3. 
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check at 14 d after infestation when the plants were infested 5 wk after planting 
(F ~ 13.73; df = 21, 126; P = 0.0001). 

Experiment 2. The developmental parameters of FAW reared on 4-wk-old 
leaves of converted sorghum lines are reported in Table 2. None of the plant 
introductions were significantly more resistant than CM1821 based on larval wt 
(F = 4.06; df ~ 22, 110; P = 0.0001), duration of the larval stage (F ~ 4.55; df = 22, 
110; P ~ 0.0001), or mortality (F = 1.33; df = 22, 110; P = 0.01). However, pupae of 
cohorts reared on IS7498C, IS1056C, IS2177C, IS4023C, IS2246C, or IS12680C 
were significantly smaller than those of cohorts reared on the resistant check 
CM1821 (F = 3.96, df ~ 22, 110; P ~ 0.0001). Feeding by larvae on ISI2680C also 
resulted in a significantly extended mean generation time compared with feeding 
on the resistant check (F = 4.89; df = 22, 110; P ~ 0.0001). With reference tc 
feeding by larvae on the control bean diet, intrinsic rate of increase of cohorts 
reared on IS7399C, ISlO56C, lS2177C, IS4023C, IS2246C, or ISI2680C was respectively 
reduced by 16%, 16%, 11%. 11%, 12%, or 20% compared with only 8% reduction 
for the cohorts reared on the resistant check. Likewise, relative fitness of individuals 
reared on these converted lines was respectively reduced by 67%, 65%, 54%, 53%, 
56% or 74% compared with 48% reduction for the cohorts reared on the check 
CM1821. 

The differential development of FAW on 5·wk-old leaves of the sorghum 
genotypes is reported in Table 3. Weight of the larvae reared on IS7498C, 
IS2177C, IS7013C, IS2246C, or ISI2680C was significantly less than that of larvae 
reared on the resistant check (F = 4.66; df ~ 22, lIO; P < 0.0001). Feeding by 
larvae on IS7013C, IS2246C, and ISI2680C significantly extended the duration of 
the larval stage compared with feeding on CMI821 (F = 4.86; df ~ 22, lIO; 
P = 0.0001). Generation time was significantly longer for cohorts reared on IS4023C, 
ISI056C, IS7013C, IS2246C, or IS12680C tban for cohorts reared on the resistant 
check (F = 5.03, df = 22, lIO; P < 0.0001). IS1056C and IS2246C caused a significantly 
higher mortality compared with CMI821 (F = 1.94; df = 22, lIO; P = 0.0315). All 
the sorghum introductions that were found more resistant than the resistant check 
CM1821 based on larval ~ generation time, or mortality also resulted in a lower 
intrinsic rate of increase of FAW. Using the control bean diet as reference, feeding 
on diets containing IS7399C, IS4023C, ISlO56C, IS2177C, IS2246C, or IS12680C, 
respectively, reduced FAW intrinsic rate of increase by 10%, 9%, 16%, 9%, 18%, or 
8% and relative fitness by 50%, 44%, 67%, 47%, 60%, or 42%. Feeding on diet 
supplemented with the resistant check CM1821 only reduced intrinsic rate of 
increase by 3% and relative fitness by 17%. No differences were found in FAW 
developmental variables between the resistant and the susceptible check during 
this experiment because resistance in CM1821 is due to tolerance (Diawara et al. 
1991). 

The sorghum lines that showed high antibiosis to FAW in the laboratory were 
also rated resistant under field conditions. However, no significant correlation was 
established between the field and laboratory results using the 14 d after infestation 
ratings and larval wt from the 4-wk-old leaf diet (r ~ 0.06; P = 0.05; n ~ 22) or 
larval wt from the 5-wk-old leaf diet (r = 0.01; P = 0.05; n = 22). This suggests that 
resistance in these lines could be due to both chemical non-preference (Diawara et 
al. 1991) and antibiosis (Painter 1951). Antibiosis was the major mechanism for the 
resistance observed during the laboratory bioassay. The resistance observed in the 
field could be antibiosis, non-preference, or a combination of both. Artificial 
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Table 2.	 Developmental variables of Spodoplera frugiperda fed 4-wk-old 
leaves of converted sorghum genotypes mixed in meridic diet (at 
26 ± 2°C, 75 ± 5% RH, and 14:10 [L:D] photoperiod). 

Larval 
+ Intrinsic 

9·d Days to pupal rate of Relative 
larval Days to Pupal adult mortality increaseD fitnessO 

Genotypeb wt (mg) pupation wt (mg) eclosion (m) ('J (w) 

Control 382 ae 12.2g 267 abc 19.9 g Ob 0.347 1.000 
Huerin (5) 320 abcdef 12.9 cdefg 265 abc 21.6 be LO ab 0.314 0.519 
eMlS'l (R) 234 g 13.9 abc 272 ab 21.4 bede 10 ab 0.319 0.573 
156984C 364 ab 12.1 g 266 abc 20.1 fg 13ab 0.337 0.820 
IS6964C 344 abed 12.7 defg 273 ab 20.3 erg 10 ab 0.337 0.820 
IS7695C 326 abcde 12.3 fg 263 abe 20.7 cderg )7ab 0.324 0.633 
IS7367C 319 abcdef 12.6 erg 267 abc 20.4 derg 20ab 0.328 0.685 
IS12633C 302 bcdefg 12.5 erg 255 bcde 20.3 rg Ob 0.337 0.820 
IS7724C 301 bcdefg 12.6 efg 255 bcdef 20.4 efg to ab 0.330 0.712 
IS7498C 2!)!) bcdefg 12.3 rg 2!")() cder 20.1 fg Ob 0.339 0.852 
IS6962C 203 cdefg 12.9 cdefg 267 abc 20.7 cdefg Ob 0.334 0.772 
ISIlS1C 289 clefg 12.5 efg 253 beder 20.2 fg 10 ab 0.333 0.757 
IS3598C 274 erg 12.7 derg 258 bede 20.6 edefg Ob 0.333 0.757 
tSi668C 273 efg 13.4 beder 261 ahed 20.5 defg 35 ab 0.314 0.519 
ISi399C 272 erg 13.1 cdefg 256 bcde 2104 bed 45 a 0.292 0.335 
ISI056C 268 efg 14.3 ab 242 def 21.6 be 37ab 0.292 0.355 
IS2177C 266 efg 13.4 abede 249 cder 21.4 bed 20ab 0.308 0.460 
IS2541C 258 efg 13.5 abcde 25.j bcdefg 20.7 cdefg 25ab 0.316 0.540 
IS4023C 255 fg 13.0 cdefg 240 def 21.1 bcdef 20ab 0.J09 0.469 
IS3552C 243g 13.9 abc 271 ab 21.1 bcdcf Ob 0.328 0.685 
IS2246C 240 g 13.8 ahcd 255 f 21.5 bcd 38ab 0.306 0.442 
IS12680C 236 g 14.5 a 238 er 22.9 a 30 ah 0.279 0.258 
IS7013C 2;'16 g 14.3 nb 280 a 22.0 b to ab 0.312 0.498 

tl The intrinsic rutc of increase (r) wos calculated according \0 Birch (l948). Fecundity (f), used to 
measure the intrinsic rate of incrense, was detennined according to Leuck and Perkins (1972). The 
relative fitness .....as calculated as given in Cavalli-Sforza and Bodmer (I971, p. 302) using riT where ri is 
the intrinsic	 rate of increase of the cohort reared on each sorghum genotype and l' is the mean 
generation time of the cohort reared on the control bean diet. which hod the highest intrinsic rate of 
increase. 

b S = susceptible check, R = resistant check. 
C Means in a column not separated by the some letter are statistically different (P < 0.05; as detennined 

by protected least significant difference analysis ISnedecor and Cochran 1980]). 

infestations into the whorl basically produce a no-choice situation as viewed from a 
broad perspective. However, though the insect may die from antibiosis, it also has 
the choice to move, crawl off, or starve (Wiseman et 81. 1983). The sorghum lines 
were rated resistant in the field, but the results of the laboratory bioassy showed 
little antibiosis from the diet; therefore, non-preference could also be a mechanism 
for the resistance shown by these lines in field. 

Experiment 3. Data in Table 4 show the concentrations of total nitrogen. 
ADF, NDF, and tannin in whorl leaves of converted genotypes at 4 and 5 wk after 
planting. No significant correlation was found ben·veen resistance and leaf content 
of ADF, NDF. or tannin (Table 5). Howe\'er, pupal wt was inversely correlated 
with higher concentrations of total nitrogen in leaves at both 4 wk after planting 
(r = -0.51; P = 0.05; n = 19) and 5 wk after planting (r = -0.44; P = 0.05; n = 19). A 
significant relationship was also found between total nitrogen concentration in 
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Table 3.	 Developmental variables of Spodoptera {nLgiperda fed 5-wk-old 
leaves of field grown converted sorghum genotypes mixed in meridic 
diet (at 26 ± 2'C, 75 ± 5% RH, and 14:10 [L:D) photoperiod). 

Larval 
+ Intrinsic 

9·d Da)'s to pupal rate of Relative 

lan'al Dnys to Pupal adult mortality increoscQ fitnessQ 

wt (mg) pupntion wt (mg) cclollion (m) (,) (w) 

Control 291 abcttC 13.1 ede 271 abed 20.7 ef Od 0.335 0.850 
Hucrin (8) 289 abcd 12.6 def 263 abed 20.6 efg Od 0.334 0.833 
eMl821 IR) 293 abcd 1:1.2 bede 268 abed 20.8 cf 13 cd 0.326 0.708 

IS7724C 318 a 12.3 f 267 abed 20.3 fg ad 0.3"'0 0.940 

IS7399C 312 ab 13.1 cdc 259 bed 21.4 bede 35 abc 0.301 0.426 
IS7668C 306 abc 12.6 ef 277 abc 20.3 fg Od 0.34:1 l.()()() 

IS4023C 288 abed 13.3 be 257 bed 21.7 bcd ZObed 0.306 0.4;2 

IS7695C 280 obcde 13.5 be 282ab 20.8d Od 0.336 0.868 
IS7367C 279 abcde 13.2 ede 272 abed 21.0 edef 13ed 0.324 0.680 
IS6962C 278 abcde 13.4 be 255 cd 20.9 def Od 0.327 0.723 
IS1056C 272 bcdef 13.6 be 259 bed 21.8 be 53, 0.281 0.284 
ISI151C 2il bedef 13.3 bed 276 abc 21.1 edef tOed 0.325 0.694 
IS2541C 266 cdefg 13.3 bede 267 abed 20.9 def ad 0.331 0.784 
IS3598C 264 cdefg 13.1 cdc 251 d 20.8 ef Od 0.328 0.;37 

ISI2633C 260 deJg 13.5 bc 274 abed 21.3 bcde Od 0.326 0.708 
IS3552C 260 defg 13.6 be 281 ab 21.0 edef 13 cd 0.326 0.708 
1S6964C 255 defg 13,4 bc 2840 21.0edef Od 0.333 0.816 
IS6984C 253 derg 13.6 be 278 abc 21.1 cdef Od 0.330 0.768 
IS7498C 239 efgh 13.4 be 266 abcd 21Abedc 10 cd 0.316 0.578 
IS2177C 238 cfgh 13.!lab 259 bed 21.4 bcde 30 abed 0.304 0,453 
IS7013C 235 fgh 1·1.50 281 ab 22.0b 13 cd 0.311 0.522 
IS2246C 224 gh 14.6 a 255 cd 22.80 45 ab 0.274 0.246 
ISI2680C 209 h 14.4 0 273 abed 21.8 be ZObed 0.308 0,491 

a	 The intrinsic rate of increase (r) was calculated according to Birch (1948). Fecundity (F1. used to 

mensure the intrinsic rate of incrcnse, was determined Bccording to Leuck and Perkins (1972). The 
relntive fitness was calculated 89 given in Cnvalli·Sfor1.11 llnd Bodmer (1971, p. 302) using nT where n' is 
Ihe intrinsic rate of inerell!;e of the cohort rented on elleh sorghum genotype and .,. is the mean 
generation time of the cohort. reuted on IS7668C, which had the highest intrinsic raIl! of increase. 

b S:: susceptible check. R '" resistllnt check. 
e Means in a column not separated by the same letter or!'! SIBtistieally different (/' < 0.05; as determined 

by protected least significant dirference analysis ISnedeeor nnd Cochran 19801). 

leaves 5 wk after planting and FAW mortality (r = 0.54; P = 0.05; n = 19) and 
intrinsic rate of increase (r = -0.51; P = 0.05; n = 19). 

Why higher total nitrogen concentrations seemed to be detrimental to the 
insect development is not understood. Unlike ADF and NDF, which are structural 
plant cell components dirticult to digest, crude proteins are non-structural com
ponents and are considered highly digestible by animals (Marten 1981). Lear fiber 
content increased with plant age (Table 4) and the total nitrogen concentration 
was more adversely correlated with FAW development in older leaves than in 
younger leaves (Table 5). Other leaf compounds could possibly interfere with 
protein utilization by the l81vae. Tannins are polyphenols that have been reported 
to form insoluble complexes with proteins (Swain L965). However, very little tannin 
was found in either younger or older leaves and no relationship was found between 
FAW development and this plant component. The total nitrogen content analyzed 
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Table 4.	 Concentrations of total nitrogen, acid detergent fiber (ADF), 
neutral detergent fiber (NDF), and catechin equivalents (CE) of 
tannin in whorl leaves of field grown converted sorghum geno
types at 4 and 5 wk after planting (WAP), Tift Co., Georgia. 

Total nitrogen AOF NDF Tannin 

Genolypeb 4 WAP ,:; WAP " 5 WAP " WAP 5 WAP 4 WAP ,:; WAPWAP 

(g/kg dry matter)	 (CE) 

Huerin (S) 18.14 13.91 33.68 38.39 61.42 69.37 0.00 0.03 
CMI821 (HI 17.56 15.3:1 33.82 37.82 62.50 69.61 0.03 0.00 
IS105GC 20.16 19.61 33.64 33,42 61.99 63.32 0.03 0.01 
ISI151C 20.40 1,1.82 33.60 38.18 62.05 68.29 0.00 0.06 
IS2177C 19.73 16..10 34.02 36.96 61.41 66.91 0.00 0.00 

IS22'6C 20.08 14.90 34.08 38.04 62.30 68.21 0.00 0.05 

IS254IC 19.96 16.70 33.06 36.38 60.6<1 67.21 0.00 0.00 

IS3552C 17.45 13.03 35.89 38.94 64.67 69.59 0.00 0.00 

IS3598C 19.73 14.54 33.09 37.96 60.82 68.88 0.00 0.00 

IS4023C 20.21 16.32 33.74 36.21 61.69 65.94 0.00 0.00 

IS6962C 18.04 15.83 34.09 35.20 61.05 64.63 0.00 0.00 
IS6964C 18.97 14.32 33.47 38.28 60.87 68.58 0.00 0.06 

IS6984C 17.86 1:1.52 34.98 37.50 61.85 68.12 0.01 0.03 

IS7013C 20.37 13.40 31.07 38.06 58.28 69.61 0.00 0.00 

IS7367e 18.62 14.61 34.47 37.35 62.47 68.52 0.00 0.10 
IS7399C 18.79 14.94 34.30 37.24 62.96 68.26 0.00 0.37 

IS7498C 18.35 14.76 33.85 36.11 61.93 66.91 0.00 0.12 
IS7668C 19.21 13.95 33.89 38.24 61.77 68.63 0.00 0.00 

IS7695C 19.74 15.'19 32.73 36.81 59.91 66.43 0.00 0.00 

IS7724C 18.88 34.83 64.:15 0.00 
IS12633C 20.04 14.76 32.78 37.10 60.76 68.2\ 0.00 0.00 

ISI2680C 17.17 :m.09 66.41 0.00 

a Concentrations of total nitrogon, ADF, und NDF were determined as g/kg of dry matter. Cntechin 
oquivllients of tannin were dewnnined llS percent on dry weight basis. 

b S:: susceptible check, R:: resistant check. 

here accounted for all the amino acids; therefore, these could include plant 
defensive amino acids as well. 

The detrimental effects of nitrogen on insect's biology has been increasingly 
reported in the literature. Redak and Gates (1984) observed that increased total 
nitrogen contents in Douglas-fir (Pseudotsuga menziesii var. glauco IBeisnD induced 
resistance to the spruce budworm (CIlOristoneura fumiferana IClemensJ). Extreme 
expression on non·preference, antibosis, and tolerance to PAW are observed in 
"Gahi" millet (Penniselum typhoides IBunnl Stapf and C. E. Hubb) when foliage 
was treated with all combinations of NPK fertilizer during greenhouse tests (Leuck 
1972). Chapman (1990) reported inconsistent food intakes of acrid ids fed grass 
leaves with low and high nitrogen contents. However, Wiseman et 81. (1973) found 
that higher nitrogen fertilization increased COl'll (Zea mays L.) susceptibility to 
PAW. Feeding on wheat (Triticum aestiuum L.) seedlings of low nitrogen content 
reduced fecundity of the grasshopper Melanoplus sanguinipes (li'abricius) (Joem 
and Gaines 1990). 



0 Table 5.	 Relationship between developmental variables of Spodoptera frugiperda reared on whorl leaves of converted ~ 

sorghum genotypes at 4 and 5 wk after planting (WAP) and the concentrations of total nitrogen, acid 
detergent fiber (ADF), neutral detergent fiber (NDF), and tannin in the leaves/l 

Dependent variable Leaves at 4 WAP (n = 19)	 Leaves at 5 WAP (n ~ 19) 

Independent variable p r Slope ± SE p r Slope ± SE 

9-d larval wt and 
Total nitrogen 0.2882 -0.24 8.74 ± 8.00 0.7738 -0.07 1.17 ± 4.02 
ADF 0.5642 O.la 4.85 ± 8.27 0.8472 0.04 0.92 ± 4.72 '-

NDF 0.7498 -0.07 1.88 ± 5.80 0.8006 0.06 0.93 ± 3.63 ,. 
Tannin 0.3826 -0.20 -777.00 ± 836.00 0.1745 0.31 96.88 ± 68.68 

~ ,. 
0 

Days to pupation and '" " Total nitrogen 0.5175 0.15 0.10 ± 0.16 0.4771 0.16 0.06 ± 0.08 b 
3 

ADF 0.5239 -0.15 0.10 ± 0.16 0.5846 -0.13 0.05 ± 0.09 ?-
NDF 0.9615 -0.01 0.00 ± 0.11 0.5440 -0.14 0.04 ± 0.07 

~ Tannin 0.0569 0.42 30.80 ± 15.10 0.4273 -0.18 1.14 ± 1.41 

'"Pupal wt and 
Total nitrogen 0.0175' -0.51 6.11 ± 2.35 0.0477' -0.44 3.01 ± 1.41 

Z 
9 

ADF 0.6102 -0.12 1.42 ± 2.75 0.0694 0.40 3.25 ± 1.69 
NDF 0.3588 -0.21 1.77 ± 1.88 0.0881 0.38 2.37 ± 1.31 

<;; 
'" 

Tannin 0.9623 -0.01 14.00 ± 292.00 0.5025 ·0.15 -19.1O± 27.90 tl 

Days to adult celosian and 
Total nitrogen 0.5384 0.14 0.08 ± 0.13 0.2039 0.29 0.11 ± 0.08 
ADF 0.2939 -0.24 0.14 ± 0.13 0.2768 -0.25 0.11 ± 0.09 
NDF 0.5553 -0.14 0.06 ± 0.10 0.3002 -0.24 0.08 ± 0.04 
'fannin 0.2022 0.29 18.40 ± 13.93 0.6536 0.10 0.69 ± 1.52 



Table 5. Continued. 

Dependent variable Leaves at 4 WAP (n = 19) Leaves at 5 WAP (n = 19) 

Independent variable p r Slopa ± SE p r Slope ± SE 

Mortality and 
Total nitrogen 0.1536 0.32 4.53 ± 3.05 0.0124" 0.54 5.66 ± 2.05 
ADF 0.8244 0.05 0.73 ± 3.25 0.0862 -0.38 4.76 ± 2.63 
NDF 0.6498 0.11 1.04 ± 2.26 0.1072 -0.36 3.45 ± 2.04 
Tannin 0.4460 0.18 264.00 ± 392.20 0.1867 0.30 56.82 ± 41.49 

Intrinsic rate of increase and 
Total nitrogen 0.1543 -0.32 0.Ql ± 0.00 0.0192" -0.51 0.01 ± 0.00 
ADF 0.6567 0.10 0.00 ± 0.00 0.0612 0.41 0.01 ± 0.00 
)\TDF 0.9495 -0.Ql 0.00 ± 0.00 0.0798 0.39 0.00 ± 0.00 
Tannin 0.1966 -0.29 0.46 ± 0.35 0.3165 -0.17 0.05 ± 0.05 

a Concentl1ltions of total nitrogen, ADF, and NDF weN! determined as g1kg of dry matter. Catechin equivalents of tannin were detennined as % on dry weight 
basis. 

• Regre!lsion cOTT1!lation significant at the 5lJf level. 
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In conclusion, when the sorghum was infested in the field with FAW larvae 4 
wk after planting, the plant introductions IS4023C and IS7399C were more 
resistant than the available resistant cultivar CM1821 at 7 d after infestation, and 
IS6962C, IS7724C, IS7695C, IS1l5IC, IS4023C, and IS7399C were more resistant 
than CM1821 at 14 d after infestation. Most of the converted sorghum accessions 
tested were more resistant than CM1821 when the sorghum was infested 5 wk 
after planting. During laboratory bioassays, ISI056C, IS2177C, IS2246C, IS4023C, 
IS7399C, and IS12680C showed a higher antibiotic resistance to FAW than the 
resistant check CM1821. No relationship was established beh'leen resistance and 
leaf content of ADF, NDF, 01' tannin. Resistance was positively correlated with 
higher total nitrogen concentrations in the leaves. Studies should be initiated to 
test the more promising sorghum accessions for agronomic characteristics in order 
to incorporate them in FAW management programs. 
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Behavior of Pink Bollworm Larvae (Lepidoptera: Gelechiidae) 
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ABSTRACT Two-wk-old bolls of normal·leaf and okra·leaf isolines of two 
cultivArs, 'Stoneville 7A' (ST 7A) and 'Stoneville 213' (ST 213), of upland 
cotton, Gossypium hirsutum L. t were infested with neonate larvae of pink 
bollworm (PBW), Pectinophora gossypielJa (Saunders), in the laboratory. On 
nine different dates, behavior of five larvae on each of five bolls per isoline was 
observed every 10 min for 70 min following infestation. Compressive strength 
and carpel-wall thickness were measured on another set of bolls of the same 
age. Results suggest that ST 7A was less susceptible to PBW than was ST 213. 
At 70 min, number of entrance holes was not significantly different, but 
significantly fewer larvae were penetrating bolls of ST 7A (3.2) than those of ST 
213 (5.6). Results also suggest that ST 7A okra leaf (ST 7AL) was less 
susceptible than was ST 7A, at least through 50 min after infesting. At 50 
minutes. number of entrance holes was not significantly different but significantly 
fewer larvae were penetrating bolls of ST 7AL (1.6) than those of ST 7A (2.6). 
This reduction did not persist after 50 minutes, nor was it shown for Stoneville 
213 okra leaf (ST 213L) as compared with ST 213. Compressive strength did 
not differ significantly among the four isolines (2.74·2.84 kg/cm2). Carpel walls 
of ST 7AL were thinner than those of ST 7A (1.69 vs. 1.80 mm). but those of 
ST 213 L were thicker than those of ST 213 (1.78 vs. 1.73 mm). Thus 
difrercnces in thickness of carpel walls had little cffcct on the ability of PBW to 
penetrate bolls. 

KEY WORDS Host-plant resistance, A?ctinophom goSS)piElkJ, Lepidoptera, Gele
chiidae, okra-leaf cotton, nonnal-Ieaf cotton. 

Okra·leaf plants of upland cotton, Gossypium hirsutum 1... provide a more open 
canopy and thus a warmer, drier microclimate than do normal-leaf plants. Some 
benefits from this altered microclimate are reduced boll rot and higher mortality of 
boll weevil (Anlhonomus grandis grandis Boheman) in cotton squares on the 
ground (Andries et al. 1969, Jones et al. 1978). 

An okra·leaf isoline of 'Stoneville 7A' also reduced the amount of seed damage 
caused by pink bollworm (PBW), Pectinophora gossypiella (Saunders) (Wilson et a1. 
1979). We showed that this reduction was the result of fewer larvae penetrating the 
bolls of okra-leaf cotton (Wilson et al. 1986). However, this reduction seemed to be 
largely independent of increased temperature and light intensity in and under the 
okra-leaf canopy. 

ReCf!ived for publication 22 March 1991; accepted 24 July 1991. 
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Subsequent studies (Wilson 1986) revealed that the okra-leaf trait interacted 
with genetic background. In 11 2-yr study, okra-leaf isolines coming from a 'Stoneville 
7A' source ('La-Okra 2'), or a 'Stoneville 7A'/'Stoneville 213' source ('La-Okra 5
5'), had less seed damage than normal-leaf controls, but those coming from a 
'Deltapine Smoothleaf source did not (Shepherd and Kappelman 1982, Wilson 
1986). Thus, our results indicated an attribute of okra leaf in a specific genetic 
background rather than to the effects of the okra-leaf trait itself. 

Singh et al. (1965) reported that boll infestation by PBW was highly negatively 
correlated with carpel-wall thickness (r = -0.96) in 14 Indian strains of cotton. 
Therefore, we investigated the possibility that the okra-leaf isolines of 'Stoneville 
7A' or 'Stoneville 213' had thicker or harder carpel walls, which could account for 
lower larval success in penetrating bolls. The three objectives of the studies 
reported in this paper were: 1) to determine whether the difference in boll 
penetration persisted when bolls were removed from the plants and inoculated 
with PBW larvae in a laboratory environment; 2) to study larval behavior over 
time; 3) to determine whether compressive strength or thickness of carpel walls 
differed in normal- and okra-leaf isolines. 

Materials and Methods 

We used two normal-leaf cultivars, 'Stoneville 7A' (ST 7A) and 'Stoneville 213' 
(ST 213), and their two okra-leaf isolines, 'La-Okra 2' (ST 7AL) and 'La-Okra 5-5' 
(ST 213L). 'La-Okra 2' and 'La-Okra 5-5' were developed by J. E. Jones, Louisiana 
Agricultural Experiment Station (Jones et al. 1976). Seeds were germinated in peat 
pots in a greenhouse at the Western Cotton Research Laboratory (WCRL), 
Phoenix, Arizona. Twenty plants of each of the four isolines were transplanted into 
the field at the same location 2 wk later. Plants were spaced 46-cm apart in rows 
spaced I-m apart. Beginning on 20 June, open f10wers were tagged daily for 6 wk. 
Beginning on 2 July, five 12-d·old green bolls of each of the ST 7A and ST 213 
nonnal- and okra-leaf pairs were halvested and moved immediately to the laboratory. 
The involucellar bracts were removed but the calyx was left intact. The peduncle 
of each boH was inserted through a hole drilled into the cap of a water-filled 5-cm 
diam by ll-cm tall vial. 

Five neonate larvae of PBW, from the WCRL strain, established from a native 
population in Maricopa Co., Arizona and maintained in culture 19 yr at the WCRL 
(A.C. Bartlett, WCRL, personal communication, 1991), were placed on the apex of 
each of five bolls of each of the four isolines with the aid of a soft brush. Lan'al 
behavior was observed every 10 min for 70 min following infestation. Laboratory 
temperature was 25.0 ± 2.0°C (relative humidity not recorded). Larvae were scored 
in the following categories: penetrating, chewing, resting, crawling and escaping 
(moving or moved off the boll). Numbers of PBW entrance holes and dead larvae 
were also recorded. After 70 min, the calyx was removed to reveal entrance holes 
or larvae that had not been counted previously. The number of larvae unaccounted 
for also was calculated. This process was repeated nine times over the 6-wk 
period. 

Compressive strength and thickness of the carpel wall of ten 10- to 14-d-old 
bolls were measured twice weekly for 6 wk for the two normal-leaf, okra-leaf pairs. 
Compressive strength was measured in the center of one carpel per boll 'with the 
use of a McCormick fruit tester, Model IT OLl'''' (McCormick Fruit Tech, Yakima, 
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Washington). The tester was modified by fitting it with a 4-mm diam plunger 
(smaller than the 8-mm diam standard plunger) because the dial would not register 
the high strengths measured by the standard plunger. 

After compressive strength had been measured, the carpels were separated. 
Thickness of a selected carpel was measured halfway between the base and the 
apex using a StarrettlM dial indicator, mounted on 8 Helios lM indicator holder (L. S. 
Starrett Co., Athol, Massachusetts). 

For analysis, larval behavioral data were transformed using ~ (because 
there were many zeroes), except for the number of larvae unaccounted for (no 
zeroes; used original data). A split·plot analysis of variance was used, with the four 
isolines as whole plots, minutes after infesting bolls as split-plots, and infestation 
dates as replicates. Regression analysis (linear, exponential, logarithmic, power 
curve, and second- or higher-order polynomial) were done (using data within each 
time period and sampling date; n = 63), of larval behavioral traits on 10 to 70 min 
after infesting bolls. The best fit regression, based on R2, was chosen and plotted. 
Compressive strength and carpel-wall thickness data were analyzed using a i-test 
to compare normal-and okra-leaf isolines within each cultivar. 

Results 

The number of entrance holes was greater in bolls of the ST 7A isolines than 
in those of the ST 213 isolines at 50 and 60 min, but not at 70 min after infestation 
(Table 1). This result suggests that PBW larvae made more entrance holes under 
the calyx of the ST 213 isolines than under that of the ST 7A isolines, where they 
went undetected until 70 min, when the calyx was removed. No significant 
difference in number of entrance holes was shown between the okra-leaf and 
nonnal-leaf isolines in either genetic background. The number of entrance holes 
increased over time at a similar rate for all foul' isolines, even though the best fit 
regression was linear for the normal-leaf isolines and exponential for the okra· leaf 
isolines (Fig. la). 

Significantly fewer larvae penetrated the bolls of the ST 7A isolines than of the 
ST 213 isolines at 40 through 70 min (Table I, Fig. Ib). There also was a trend of 
fewer larvae penetrating the bolls of ST iAL than those of ST iA, fTom 10 to 50 
min, (difference was significant at 20 and 50 min). 

At 10 min, but not subsequently, the number of larvae chewing on bolls of the 
ST 7A isolines was greater than those on the ST 2t3 isolines (Table 1). Generally, 
more larvae chewed on bolls of the okra-leaf strains than of their normal-leaf 
isolines. For the ST 7A isolines, the number of larvae chewing on the bolls 
decreased over time (Fig. Ie). For ST 213, numbers did not change significantly 
but for ST 213L, numbers increased over time. 

The number of larvae crawling on the bolls apparently was not significantly 
affected by genetic background. The numbers were higher on the okra-leaf isolines 
early, but decreased at higher rates than on the nonnal-Ieaf isolines (Table t, 
Fig. Id). 

The number of Ia.rvae resting on the bolls was not significantly different 
between the normal-leaf or okra-leaf isolines in either background (Table 2). 
Numbers on the ST 7A isolines increased over time, but numbers on the ST 213 
isolines decreased over time (Fig. 2a). 
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Table l. Behavior of pink bollworm larvae 10 to 70 min after infestation 
on bolls of two regular-leaf cotton cuItivars (STIA and ST213) 
and tbeir okra-leaf isolines (STIAL and ST213L). 

No. larvae	 in indicated activitytJ, b 

Entrance 
Min Isoline holes Penetrating Chewing Crawling 

10	 ST7A 0.17 a 0.86 a 5.18 a 8.47c
 
ST7AL 0.00 a 0.37 a 5.80 a 10.52 b
 
ST213 O.OOa 0.60 a 1.03 b 8.93 c
 
STII3L O.OOa 1.03 a 0.09 c 13.08 a
 

20	 ST7A 0.23 a 2.90 a 3.12 b 5.13 b 
ST7AL 0.00 a 1.64 b 5.85 a 6.05 ab 
ST213 0.09 a 1.03 b 2.32 b 5.15 b 
ST213L 0.00 a 1.26 b 2.40 b 7.02 a 

30	 ST7A 0.62 ab 2.81 a 3.01 a 2.78 b 
ST7AL 0.90 a 2.32 a 2.54 a 4.06 a 
ST213 0.09 b 2.62 a 2.28 a 3.79 a 
ST213L 0.19 b 1.84 b 3.40 a 4.27 a 

40	 ST7A 1.50 a 2.45 b 2.23 a 2.39 b 
ST7AL 1.13 ab 1.84 b 3.27 a 2.49ab 
STI13 0.19 c 3.68 a 2.30 a 2.87 ab 
ST213L 0.57 bc 3.56a 2.88a 3.33 a 

50	 ST7A 2.42 a 2.56b 1.18 b 1.83 a 
ST7AL 2.25 a 1.57 c 2.37 a 2.49 a 
ST213 0.48 b 4.87 a 1.73 b 2.16 a 
ST213L 0.74 b 4.82 a 2.79a 2.39 a 

60	 ST7A 3.16 a 1.93 b 1.51 b 1.44 ab 
ST7AL 2.51 a 2.86 b 2.55 a 1.77 a 
STI13 0.99 b 5.06 a 1.03 b 1.55 ab 
STI13L 0.86 b 5.72 a 2.83a 1.06 b 

70	 ST7A 3.46 a 3.23 b 1.26 b 2.29 a 
ST7AL 3.57 a 3.30 b 2.01 ab 1.51 b 
ST213 2.92 a 5.62 a 1.44 b 2.31 a 
STI13L 3.03a 5.73a 2.78 a 2.12 ab 

a Data are numbers (retransfonncd from ../II+Tr of lorvne out of 25 in cllch category. Each mean jg 

based on 225 larvae placed on 45 bolls (5 larvae/boll X 5 bolls X 9 sampling dates). 
b Means within column and minutes after infesting, with letter{s) in common, are not significantly 

different (P> 0.05) according to the FLSD lest (Canner nnd Swanson 1971). 

The number of larvae off the boll generally was greater for the ST 213 isolines 
than for the ST 7A isolines (Table 2). There was no significant change over time 
for ST 7A, but number of larvae off bolls of ST 7AL decreased linearly and those 
off bolls of ST 213 and ST 213L increased expnnentially (Fig. 2b). 

The number of dead 18lVae was greater for the ST 7A isoJines than for the ST 
213 isolines after 70 min (Table 2). It also was greater for ST 7AL than for ST 7A 
for 20 through 60 min (except for 40 min). There was no significant change over 
time in tbe number of dead larvae for ST 7A. ST 213, or ST 213L. but the number 
increased linearly for ST 7AL (Fig. 2c). 



--------

---

---------

59 WILSON et al: Pink Bollworm Larval Behavior 

4 

Vl 
W 
-' o 
I 
W 
U 

3 

2 

~ 
'" f-
Z 
W 

o 

<:J 
Z 3 

~ 
ti 
z 
w 
a.. 

2 

1 

R 2 ~ 0.20 

R2 = 0.25 
R2 ~ 0.37 
R2 = 0.44 

----=--~ 

R 2 = 0.08 
R 2= 0.20 
R 2 ~ 0.58 

R 2 = O.~••:: 

------,,~~------

R 2 ~ 0.32 
R 2 = 0.23 

R 2 ~ 0.25 

R2 =0.41 
R2 = 0.56 
R2 = 0.40 
R 2 ~ 0.71 

3<:J 
Z 

~ 
I 
U 2 

5 

<:J 
Z 4 
::J 

~ 3 
U 

2 

1 

---5T7A 

-- -- ST7AL 
ST213 

----- ST21:JL 

::_c:.c:."=""'""--""~"--

a 
ST7A 

ST7AL 
ST213 

ST21:JL 

y~ 

Y ~ 

Y ~ 
y~ 

1.035 (x 0. '<0) 

0.697 (X 0.23") 

0.459 (x 0.'0') 
1. 133 + O.023X 

~----- - ~ ....b 
ST7A
 
ST7AL
 
ST213 
ST213L 

, , 

.----
C 

5T7A 
ST7AL 
ST213 
ST213L 

,"--. 

Y~ 3.653 - 0.515 log X 
Y ~ 3.794 - 0.484 log X 
NS
Y ~ 0.647 (XO.27") 

, -- - 
----_.-_.--- =-_-::---::=:-::-=.---

Y ~ 4.676 -
Y ~ 5.488 -
Y ~ 4.806 -
Y ~ 6.225 

- ......................
 ..-..-.... ...........
 

'r ~ 0.924 + 0.014X 
Y= 0.908 O.OO9X 

Y ~ 0.701 + 0.013X 
Y = 0.832 0.0 lOX 

--~ 

0.744 log X 
0.939 log X 
0.757 log X 
1. 119 log X 

-- ..":::...~"":.:;;:~~ 

d 
o 20 40 60 80 

MINUTES ELAPSED 

Fig. 1. Behavior of pink bollworm larvae beginning 10 min after infesting 2-wk
old bolls (behavioral data are transfonned to ~; a. entrance 
holes; b. larvae penetrating; c. lalVae chewing; d. larvae crawling. 



60 J. Agnc. Entomol. Vol. 9, No. 1 (1992) 

Table 2.	 Pink bollworm resting, off bolls, dead, or unaccounted for from 
10 to 70 min after infestation on bolls of nonnal-Ieaf and okrs
leaf isolines. 

No. larvae in indicated activitya, b 

Unaccounted 
Min Isoline Resting Off boll Dead for 

10 ST7A 0.00 b 0.65 b 0.09 a 8.56. 
ST7AL 0.45 b 0.80 b 0,19 a 5.11 b 
ST213 1.82 a 3,18 a O.OOa 8,11 ab 
ST213L 2.91. 1.39 b O.OOa 5.33 ab 

20 ST7A 0.09 b 1.09 b 0.09 b 11.33 a 
ST7AL 0.09 b 1.18 b 0.57 a 8.67 ab 
ST213 3,06 a 3.59 a 0.19 b 7.89 b 
ST213L 3.17 a 2.35 a 0.00 b 7.22 b 

30 ST7A 0.00 b 1.51 be 0.09 b 13.00. 
ST7AL 0,34 b 0.45 e 0.65 a 12.89 a 
ST213 2.07. 4.45 a 0.29 b 8.00 b 
ST213L 2.88 a 2.24 b 0.00 b 8,78 b 

40 ST7A 0.17 b 0,96 b 0.19.b 13,67 a 
ST7AL 0.27 b 0.37 b 0.65 a 13,44a 
ST213 1.12 a 4.27 a 0.40 ab 8.67 b 
ST213L 1.55. 3.14 a 0.09 b 8.67 b 

50 ST7A 0.27 b 0,74 b 0.19 b 15.00 a 
ST7AL 0.65 ab 0,29 b 0.77 a 13.56 a 
ST213 1.19 a 4.51. 0.40.b 9.00 b 
ST213L 0,81 a 3,17 a 0.09 b 9.00 b 

60 ST7A 0.29 b 0,55 b 0.34 b 14.67. 
ST7AL 0.29 b 0.29 b 0.99 a 13.00 a 
ST213 0.89. 4.45 a 0.40 b 9.33 b 
ST213L 0.37.b 3,67 a 0.19 b 9.44 b 

70 ST7A 0.29 a 0.62 b 1.22 a 11.56. 
ST7AL 0.19. 0.19 b 1.47. 12.22 a 
ST213 0.29 a 4.48 a 0.40 b 6.33 b 
ST213L 0.57 a 3.47. 0.19 b 6.00 b 

a Dntll are mlmbers of lnrvtle (data rClmnsfonnecl from ~ except original dala for number of larvae 
ullllccounted (or) out. of 25 in each cntegory. Each mean is based on 225 larvae placed on 45 bolls (5 
larvae/boll X 5 bolls X 9 sampling dotes). 

b Means within column and minutes ufter infesting, with letter(s) in common, are not significantly 
different (P> 0.05) llccording to the ~'LSD lest (Canner und Swanson 1971). 

The number of larvae unaccounted for was greater for the ST 7A isolines than 
for the ST 213 isolines for 30 through 70 min but there was no significant effect 
between nonnal·leaf and okra leaf isolines (Table 2). There was no significant 
change over time for ST 213, but for both ST 7A isolines and ST 213L, the 
number first increased, then decreased (Fig 2d). 

Compressive strength (kg/cm2) of the carpel wall did not differ between the 
norrnal- and okra~leaf isolines in either genetic background (n = 97-99: ST 7A: 
2.84, ST 7AL: 2.82, pooled SEM = 0.04; ST 213: 2.80, ST 213L: 2.73, pooled 
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Fig. 2.	 Behavior of pink bollworm larvae beginning 10 min after infesting 2 wk
old bolls (behavioral data, except for larvae unaccounted for, were 
transformed to vTx+lJj; a. larvae resting; b. larvae off boll; c. dead 
larvae; d.	 larvae unaccounted for. 
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SEM ~ 0.05). The carpel wall of ST 7AL was thinner (mm), and the carpel wall of 
ST 213L wns thicker than their respective nonnal·leaf control cultivars (ST 7A: 
1.80, ST 7AL: 1.69, pooled SEM = 0.02, t = 5.92, df = 215, P < 0.01; ST 213: 1.73, 
ST 213L: 1.78, pooled SEM = 0.02, t = 2.56, df = 214, P < 0.05). 

Discussion 

The sooner a PBW larva penetrates a cotton boll, the more likely it will be to 
survive, because it will be exposed to the vicissitudes of the environment for a 
shorter time. Resistance to PBW, as measured by reduction in the number of 
larvae entering the boll, may be caused by increased time required for entrance 
into the boll. In our study. the larvae were subjected to a laboratory environment 
and therefore were allowed to respond to the boll surface without interference 
from predators, wind, shifting light, or change of ambient temperatures and 
relative humidities. 

Following infestation, the circumstance of a given larva was: 1) relatively safe 
(i.e., had entered or was penetrating the boll); 2) at risk (i.e., chewing, crawling, 
resting on the boll surface, or off the boll); 3) lost (i.e., dead or unaccounted 
for). 

Fewer larvae entered bolls, and more were dead or unaccounted for, on the ST 7A 
isolines than on the ST 213 isolines. This result suggests that ST 7A may be 
inherently less susceptible to PBW than is ST 213. Also, the reduced penetration 
by larvae and the higher number of larvae at risk for the first 50 or 60 min on ST 
7AL than on ST 7A agrees with our field observations that PBW resistance in ST 
7AL is caused by reduced boll penetration (Wilson et al. 1986). 

The present laboratory study demonstrated that resistance to PBW in ST 7AL, 
compared with its normal-leaf isoline, is caused by an increase in the time 
required for a larva to enter the boll. The increased time for entry does not seem 
to be related to carpel wall thickness or compressive strength. Rather, it seems to 
be caused by some intrinsic physical or chemical property of the boll surface of 
certain okra-leaf cottons that have 'La-Okra 2' in their background. 
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ABSTRACf Pupal cell construction by Helico....erpa zen (Boddie), as affected by 
parasitism by Arch)'tas mamwmtus rrownsend) and EuceJotoria bT)'Oni Sabrosky, 
was examined in the laboratory. Factors of cell construction examined were: 
presence, depth and size. For A. mannornlus-parasitized larvae and unparasitized 
larvae most host individuals produced cells, while 8 majority of the individuals 
parasitized by E. bryolli did not produce cells. No significant differences were 
observed in either cell depth or size between par8sitoids. or between successfully 
and unsuccessfully parasitized hosts for either parasiloid species. For both 
species of parasitoids. pupation occurred within the upper 12 cm or the soil. 
Cultural practices oriented at H. zea control through soil disruption would also 
be detrimental to in-field populations of these parasitoids. 

KEY WORDS HelicoucrpQ zea, Archytas mamlOrofus, Eucelatoria b')lQ1li, parasi
tism, pupation behavior, Lepidoptera, Noctuidae, Diplera, Tachinidae. 

Helicouerpa zea (Boddie), the corn earworm, undergoes a prepupal wandering 
phase during the last larval instar. During this period it moves from the feeding 
site to the soil surface where it burrows into the soil and constructs a pupal cell 
(Quaintance and Brues 1905, Roach and Hopkins 1979). Depth of pupation is quite 
variable, ranging from 2.5 to 17.8 cm (Quaintance and Bmes 1905, Hopkins et al. 
1972, Roach and Hopkins 1979, V. Bruce Steward, Longwood Gardens, Kennett 
Square, Pennsylvania, unpublished data). Typically, pupation is deepest prior to 
overwintering (Quaintance and Brues 1905, Roach and Hopkins 1~79). V. Bruce 
Steward (unpublished data) has also observed that male H. zea pupae were 
located at greater depths than females. 

Two tachinid parasitoids. Archytas marmoratus (Townsend) and Eucelatoria 
bryani Sabrosky, utilize H. zea larvae as hosts and typically allow prepupal larvae 
to complete the wandering and burrowing phases prior to host death. Female A. 
marmoratus larviposit on the substrate in the general area where host larvae are 
located. As host larvae move about and contact parasitoid larvae, the parasitoid 
larvae must attach themselves to the host and burrow under the host's integument, 
where they remain in the first instal' until parasitoid development commences 
following host pupation (Hughes 1975). Although multiple parasitoid larvae may 
attach to a given host, only a single A. marmoralus pupanum is produced per host 
pupa (Hughes 1975). 

Formerly Heliothis zen (Boddie).
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Females of E. bryani insert their larvipositor directly into the host larva with 
parasitoid development occurring in the host larva. Martin et at. (1989) reported 
the greatest rate of successful parasitism occurred when E. bryani parasitized fifth 
instar H. zea. If parasitism occurrs early in the fifth instar, host mortality generally 
occurs prior to host pupation during either the burrowing or cell construction 
phases (Ziser and Nettles 1978). However, in the laboratory, E. bryani larvae will 
occasionally successfully exit from a host pupa (personal observation; P. H. Adler, 
Clemson University, Clemson, South Carolina, personal communication). Parasitism 
by a single E. bryani female typically results in the production of 1 to 9 parasitoid 
puparia from a single host larva (Bryan et al. 1972). 

In this study the effects of parasitism by A. marmoralus and E. bryani on three 
parameters of H. zea cell construction were examined: presence, depth and size. 
Knowledge of these parameters, particularly depth of pupation, may allow develop
ment of management practices that would enhance swvival of these parasitoids. 

Materials and Methods 

For A. marmoratus, host larvae were exposed to planidial first-stage parasitoid 
larvae which had been larviposited on a paper substrate in a rearing cage. Each 
host larva had two to four parasitoid larvae placed on the venter between the first 
and third pairs of prolegs. For E. bryani, host larvae were individually exposed to 
mated female p8fasitoids until a single larvipositor insertion, as indicated by 
hemolymph at the wound site, was observed. 

Each trial consisted of 16 host larvae exposed to one of the parasitoids and 16 
controls (unexposed larvae). All hosts used were early «3-d-old) fifth-instal' H. 
zea, with individual host 100vae considered as replicates. As not all exposures to 
the parasitoids resulted in successful parasitism, trials were continued until at 
least 25 successfully parasitized larvae were obtained for each parasitoid species. 
This required three trials for A. marmoratus (April, October 1988, March 1989; 48 
exposed and 48 control) and five for E. bryan.; (February, March, July, August 
1988, April 1989; 80 exposed and 80 control). Control larvae were physically 
handled in the same manner 8S those which were exposed to the parasitoids. To 
determine whether those hosts not successfully parasitized were affected by 
exposure to the parasitoid, exposed host larvae were divided into two groups, 
successfully and unsuccessfully parasitized larvae. Due to disruption of cell 
structure, a replicate was not included in the data set if either the parasitoid or 
nonparasitized host emerged prior to excavation of cells by the author. 

CeU construction was monitored in L3-liter (14 cm high by 12 cm diam) plastic 
containers with screw·on lids (product No. T07C, Tri-State Plastics, Inc., Dixon, 
Kentucky) containing 12 cm of loosely compacted moistened potting soil (Fafard Mix 
No.4, Conrad Fafard, Inc., Springfield, Massachusetts). Larvae were placed individually 
on an 8- to lQ-ml plug of pinto bean diet (Burton 1969, as modified in Adler and Adler 
1988) resting on a 4.2·cm diam plastic disk on the soil surface. Side walls of the can· 
winers were covered in aluminum foil to prevent light entry, while lids remained un
covered. Containers were held in an envil'Onmental chamber at 25 ± 2°C, 80 ± 5% RH 
with a 14:10 L:D photoperiod. FoUowing their placement into the containers, larvae 
were checked twice daily (approximately 0900 and 1600 h) until they remained 
below the soil surface. 
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Soil in the containers was excavated betv.'een 7 and 9 d post-bWTOwing to allow 
time for parasitoid pupation. Excavation consisted of removing soil at O.5-cm intervals 
until reaching either the bottom of the pupal cell, if present, or the H. zea pupa, 
E. b1)'ani pupa(e), or dead host lalVa if no cell had been constructed. Data collected 
included surface features, such as entrance holes or soil mounds, and below surface 
features, such as tunnels and pupal cells. When the top 01' bottom of a cell was 
encountered between the O.5-cm excavation levels, that depth was approximated to the 
nearest 0.25 em. 1)1Jical examples of cell structure are shown in Figure 1A and B. 

A cell was considered to be present if the space where either the pupa 
(unparasitized or A. marmoratus-parasitized larvae) or dead larvae (E. bryani
parasitized lan-se) was found, was larger than the host body size. Chi-square goodness
of-fit tests, using Yate's correction for continuity (Little and Hills 1978), were 
performed using the unparasitized cohort for each parasitoid to set the expected 
frequencies in determining whether parasitism affected cell presence (0. = 0.05). 

Cell depth was based on the mid-point between the top and bottom of the 
pupal cell, due to variation in the orientation of the log axis of cells. Due to a trial 
effect obselved for cell depth data, depth was analyzed using analysis of covaliance 
(Steel and Torrie 1960) with trial as the coval'iate (0 ~ 0.05). 

Cell size was based on the longest dimension, due to the irregular shape of pupal 
cens. CeU size was analyzed using analysis of variance (Steel and Tonie 1960) as there 
were no trial effects observed in this data (n = 0.05). All statistical analyses were con
ducted using Statistical Analysis Systems software (PROC GLM, SAS Institute 1985). 

Voucher specimens of H. zea, A. marmoratus and E. bryani have been placed in 
the Clemson University Arthropod Collection in the Department of Entomology, 
Clemson University, Clemson, South Carolina 29634-0365. 

Results and Discussion 

Cell presence. The number of individuals constructing pupal cells is presented in 
Table 1. Chi-square tests indicated no significant difference in the cell: no cell 
ratios between unparasitized individuals and either the successfully or unsuccess· 
fully parasitized individuals for both parasitoids. However, in all troatments, with 
the exception of larvae successfully parasitized by E. bT)'ani, a considerably greater 
proportion of individuals constructed cells than did not (Table 1). The greater 
proportion constructing cells was expected because in all of these treatments H. 
zea larvae exhibited typical late fifth·instar wandering and burrowing behavior. 
The higher proportion that did not construct cells for the treatment successfully 
parasitized by E. bryani was expected because the parasitoid generally kills the 
host prior to host pupation (Ziser and Nettles 1978). 

Cell depth. No significant differences were observed among treatments either 
for the depth at which the pupal cell was constructed (F = 1.14; P = 0.340; 
df = 5,148) or at which the host or parasitoid pupa(e) were located if no cell was 
constructed (F = 0.38; P = 0.858; df = 5,52) (Table 2). Depth data have been 
corrected for a significant trial effect (F = 10.65; P = 0.001; df = 1,208) using 
analysis of covariance. Although all H. zea used in this study originated from the 
same stock culture in the Department of Entomology at Clemson University, those 
used in some trials had been maintained in another campus research laboratory for 
several generations prior to use in this study. Slight differences in rearing or main
tenance techniques may account for the differences in cell depth among trials. 
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Fig. 1. Representative Helicoverpa zea pupal cell structures. A. Cell with entrance covered by soil mound. B. Cell with 
entrance exposed. 
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Table 1. Number of individuals of Helicoverpa zen producing pupal cells. 

cell cell 
present absent 

Cohort" (n) (n) 

A. marmoratus 
parasitized 

successful 20 9 12.42 
unsuccessful 14 3 13.74 

un parasitized 37 4 

E. bryani 
parasitized 

successful 13 22 22.16 
unsuccessful 30 8 5.97 

unparasitized 42 15 

a Successfully parasitized indicates pnrasitoid offspring were produced. Unsuccessfully pnrasitized indicates 
hogt exposure to mated female paragitoids, but that no pomsitoid orrspring were produced. 

b No significant differences using the respective unpnrasitized cohorts to set expected frequencies for 
each parasitoid (X2 = 3.84; df = 1). 

Table 2. Depth of H. zea larvae parasitized by A. marmoratus or E. 
bryani. 

cell present cell absent 

X (SE)b.' min max X (SE)b.' min max 
Cohort" (em) n (em) (em) (em) n (em) (em) 

A. marmoratus 
parasitized 

successful 3.13 (0.37) 20 1.00 11.50 2.39 (0.44) 9 1.25 4.25 
unsuccessful 2.07 (0.44) 14 1.00 4.25 3.18 (0.76) 3 1.50 5.25 

unparasitized 2.27 (0.27) 37 0.50 10.00 2.85 (0.67) 4 1.25 3.75 

E. bryani 
parasitized 

successful 2.26 (0.45) 13 0.90 3.75 2.91 (0.29) 21 0.00 8.00 
unsuccessful 2.41 (0.30) 30 0.75 5.50 2.58 (0.47) 8 0.50 2.75 

unparasitized 2.16 (0.27) 42 0.75 10.00 2.52 (0.33) 15 0.75 6.00 

a SuccellSfully parasitized indicates pamsitoid offspring .....ere produced. UnsuccessfuUy parasitized indicates 
host exposure to mated female parositoids, but thal no pnrasitoid offspring were produced. 

b Least squares means and the standard errors for those means have been corrected for a dale effect 
using analysis or co\·oriance. 

C No significant differenccR among cclI depthg within either cell presence category (with cell; F = 1.14; 
P = 0.340; df = 5,148; without. ccll: F = 0.38; P = 0.858; df'" 5,52). 

Pupal cell depths for unparasitized larvae ranged from 0.50 to 10.00 em, while 
unparasitized larvae not constructing cells were located from 0.75 to 6.00 cm below 
the surface (Table 2). Although pupation has not been previously reported at 
depths less than 2.5 em, the range of depths is similar to that previously reported 
for H. zea (Quaintance and Brues 1905, Hopkins el a1. 1972. Roach and Hopkins 
1979. V. Bruce Steward, personal communication). 
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HeLicoverpa zea pupae successfully parasitized by A. marmoratus were located 
at an average depth of 3.13 em if they constructed cells and 2.39 em if they did not 
(Table 2). This is similar to the 2.84 ± 0.25-em (n = 14) depth reported by V. 
Bruce Steward (personal communication) for H. zea parasitized by A. marmoratus 
under field conditions in Arkansas (cell presence was not reported). Those H. zea 
which were exposed to A. marmoratus but did not produce a parasitoid exhibited a 
range of cell depths similar to those which were successfully parasitized. However, 
although not significantly different, unsuccessfully parasitized larvae producing 
cells did not pupate as deeply as those without cells (Table 2). 

Larvae parasitized by E. bryani exhibited a narrower range of depths than those 
parasitized by A. mannoratus when cells were present, while the opposite was obselved 
when cells were not constructed (Table 2). Larvae parasitized by E. bryani were 
located at an average depth of 2.26 em if a cell was constructed and at 2.91 cm if there 
was no cell. One successfully parasitized larva produced E. bryani puparia on the soil 
surface. \Vhere cells were not constructed, larvae which had received E. bryani 
oviposition wounds but produced an H. zea adult also were located 'Nithin a more 
narrow range of depths than the unsuccessfully parasitized group for A. mannoratus 
(Table 2). No larvae successfully parasitized by E. bryani in this study pupated. No 
significant differences were observed in pupation depth between male and female 
H. zea in this study (with cells: F = 0.14; P = 0.706; df = 1,131: without cells: F = 0.72; 
P = 0.40; df = 1,34). Pupal cells were located at an average depth of 2.51 ± 0.20 for 
females (n ~ 71) and 2.40 = 0.21 em for males (n = 64). Those not fonning cells were 
located at average depths of 2.23 ± 0.26 (females, n = 18) and 2.53 ± 0.24 (males, 
n = 20) em. This is in contrast to V. Bruce Steward's (personal communication) 
observation that male H. zea pupated at significantly greater depths than females. 

Cell size. No significant differences were observed in cell sizes among treatment 
groups (Table 3). However, the unsuccessfully parasitized treatment for both 
parasitoids had slightly smaller cell sizes than the other groups. 

Table 3.	 Cen size of H. zea larvae parasitized by A. marmoratus or E. 
bryani.Q 

X (SE)', d min max 
Cohortb (em) (n) (em) (em) 

A. marmoratus 
parasitized 

successful 2.48 (0.13) 20 1.50 3.50 
unsuccessful 2.23 (0.16) 14 1.00 4.00 

unparasitized 2.35 (O.lO) 37 1.20 3.50 

E. bryani 
parasitized
 

successful 2.41 (0.16) 13 1.50 3.00
 
unsuccessful 2.34 (O.ll) 30 1.20 3.50
 

unparasitized 2.44 (0.09) 42 150 4.50 
a Includes' only those which constructed pupal cells. 
b Successfully parasitized indicates Pill"asilOid offspring were produced. Unsuccessfully paraSiti7.cd indicates 

host exposure to mated female parasitoids, but that no parasitoid offspring were produced. 
C Leust squares means and their standard errors were calculated directly as there was no date effect 

observed in cell size data. 
d No sigificant differences among cell sizes (F = 0,43; P = 0.828; df = 5,150). 



CULIN: Pupal Cells of H. zea Parasitized by Tachinids 71 

Currently, both cultural and biological control strategies are being emphasized 
in response to pressures for reducing pesticide input into the environment. 
However, a potential conflict exists between a cultural and biological technique 
directed at H. zea management. As H. zea pupate relatively close to the soil 
surface, several studies have suggested that cultural practices disrupting the upper 
10 to 20 em of soil could be used to reduce H. zea emergence (Fife and Graham 
1966, Hopkins et 81. 1972, Roach 1981). Data presented here indicate that H. zea 
parasitized by either A. marmoratus or E. bryani also are located within the upper 
12 em of soil If the cultural practice of soil disruption is employed for H. zea 
management two alternative approaches could be used to enhance parasitoid 
population densities. First, parasitoid populations could be augmented, 8S has 
been attempted by Gross (L988) using A. marmoratus. Second, a nursery area 
could be established where parasitized H. zea would be allowed to remain 
undisturbed. In either case, field studies examining interactions between manage· 
ment strategies should be conducted as pest management programs are being 
developed. 

Acknowledgment 

I would like to thank Terry Pizzuto for assistance in conducting this study and Larry 
Grimes for statistical advice. Steve Jarahian (Fafard, Inc.) provided the potting soil used in 
these studies. Critical reviews of earlier drafts by John DuRant, Mike Sullivan and Bruce 
Steward have added to the quality of this manuscript.. This is Technical Contribution No. 
3109 of the South Carolina Agricultural Experiment Station, Clemson University. 

References Cited 

Adler, P. H., and C. R. L. Adler. 1988. Behavioral time budget for larvae of Heliothis zea 
(Lepidoptera: Noctuidae) on artificial diet. Ann. Entomol. Soc. Am. 81: 682-688. 

Bryan, D. E., C. G. Jackson, E. G. Neemann, and R. Patuna. 1972. Production of 
progeny and longevity of Euceloton·o sp. parasitic in Heliothis species. Environ. Entomol. 
1: 23-26_ 

Burton, R. L. 1969. Mass rearing the corn e8rwonn in the laboratory. USDA-Agricultural 
Research Service 33-134, 8 pp. 

Fife, L. C., and H. M. Graham. 1966. Cultural control of overwintering bollwonn and 
tobacco budwonn. J. Econ. Entomol. 59: 1123-1125. 

Gross, H. R. 1988. Arch)'tas rnannorotu.... (Diptera: Tachinidae): field survival and per
formance of mechanically extracted maggots. Environ. Entomol. 17: 233-237. 

Hopkins, A. R., H. M. Taft, and W. James. 1972. Comparison of mechanical cultivation 
and herbicides on emergence of bollwomls and tobacco budwonns. J. Econ. Entomol. 65: 
870-872. 

Hughes, P. S. 1975. The biology of Archytas marmomtus (Townsend). Ann. Entomo!. Soc. 
Am. 68: 759·767. 

Little, T. M., and F. J. Hills. 1978. Agricultural experimentation. Wiley, New York, 350 
pp. 

Martin, W. R., Jr., D. A. Nordlund, and W. C. Nettles, Jr. 1989. Innuence of host 
developmental state on host suitability and reproductive biology of the parasitoid 
Eucelatoria br)'ani. Entomol. Exp. AppL 50: 141-147. 

Quaintance,	 A. L., and C. T. Brues. 1905. The cotton bollwonn. USDA, Bureau of 
Entomology. Bulletin No. 50. U.S. Government Printing Office, Washington, D. C. (A9.G), 55 
pp. 



72 J. Agric. Entomol. Vol. 9, No. 1 (1992) 

Roach, S. H. 1981. Emergence of overwintered Heliothis spp. moths from three different 
tillage systems. Environ. Entomol. 10: 817·81B. 

Roach, S. H .• and A. R. Hopkins. 1979. Heliothis 8pp.: Behavior of prepupae and 
emergence of adults from different soils at different moisture levels. Environ. EntomoL 8: 
388-391. 

SAS Institute. 1985. SAS user's guide: statistics, version 5 ed. Cary, North Carolina. 956 
pp-

Steel, R. G. D., and J. H. Torrie. 1960. Principles and procedures of statistics. McGraw
Hill, New York, 481 pp. 

Ziser, S. W., and W. C. Nettles. Jr. 1978. The larval development of Eucelatoria sp. in 
the host, Heliothis virescens. Ann. EnUlmol. Soc. Am. 71: 383-388. 



Contents

Volume 9, No.2 April 1992

M1Al'l, L. S., and M. S. MULLA - Effects of pyrethroid insecticides on
nontarget invertebrates in aquatic ecosystems 73

PETERSON, R. K D., R. B. SMELSER, T. H. KLUBERTANZ, L. P. PEDIGO,
and W. C. WELBOURN - Ectoparasitism of the bean leaf beelle
(Coleoptera: Chrysomelidae) by Trombidium hyperi Vm·cammen·Grand·
jean, Van Dreische, and Gyt;sco and Trombidillnt newelli Welbourn (Acari:
Trombidiidael 99

GREGORY, D. A., D. L. JOHNSON, B. H. THOMPSON, and K. W.
RICHARDS - Laboratory evaluation of the effects of carbaryl and
chlorpyrifos bran baits and sprays used in grasshopper control, on alfalfa
leafcutting bees (Megachi/.e rotundata IF.I) 109

SUBRAl\'IANYMI, Bh., V. F. WRIGHT, and E. E. FLEMING - Laboratory
evaluation of food baits for their relative ability to retain three species
of stored-product beelles (Coleopteral 117

NECIBl, S., B. A. BARRETT, and J. W. JOHNSON - EfTects of a black
plastic mulch on the soil and plant dispersal of cucumber beetles, Aca
lymma uittalum (F.) and Diabrotica undecimpullclata Iwwardi Barber
(Coleoptera: Chrysomelidae) on melons. .. 129

HEIMPEL, G. E., and J. A. HOUGH-GOLDSTEIN - A survey of m·th,.o
pod predators of Leptinota.rsa decemlineata (Say) in Delaware pot.at.o
fields 137

ERRATUM - The following paper was not included in the Table of Con
tents of vol. 9. no. I, January 1992.

GULIN, J. D. - Pupal cell construction by Helicouerpa zea <Boddie) (Lepi
doptera: Noctuidae) parasitized by Archytas marmora.tu.s (Townsend) 01"

Eucela./oria bryani Sabrosky (Diptera: Tachinidae) 65

http://scentsoc.org/Volumes/JAE/v9/2/00092073.pdf
http://scentsoc.org/Volumes/JAE/v9/2/00092099.pdf
http://scentsoc.org/Volumes/JAE/v9/2/00092109.pdf
http://scentsoc.org/Volumes/JAE/v9/2/00092117.pdf
http://scentsoc.org/Volumes/JAE/v9/2/00092129.pdf
http://scentsoc.org/Volumes/JAE/v9/2/00092137.pdf
http://scentsoc.org/Volumes/JAE/v9/1/00091065.pdf


THE JOURNAL OF AGRICULTURAL ENTOMOLOGY

Volume 9 • Number 2 • April 1992

The Journal ofAgricultural Entomology is published quarterly under the auspices of
the South Carolina Entomological Society, Inc., at Clemson, SC. The Journal
publishes contributions of original research concerning insects and other arthropods
of agricultural importance (including those affecting man, livestock, poultry and
wildlife). The Journ.al is particularly dedicated to the timely publication of articles
and notes pertaining to applied entomology. although it will accept suitable
contributions of a fundamental nature related to agricultural entomology.

A subscription to t.he Journal automatically accompanies membership in the South Carolina
Entomological Society. For information on the Journal or Society, cont.act. the Secretary
Treasurer, SeES, P.O. Box 582, Clemson, SC 29633·0582.

For guidelines in preparing manuscripL<3 for submission, contributing aut.hors should consult
"Instructions for Authors," J. Agric. Entomo!. 8(1): 1-6. Authors should submit an original and
three copies of their manuscript typed double spaced to the Editor, Journal of Agricultural
Entomology, P.O. Box 1166, Hendersonville, NC 28793·1166. An abstract, 3·10 key words,
and a running head must be included with each manuscript. All measurements should
be given in metric or in metric and English units. A charge of $45.00 per page will be made;
photos, figures, tables, clc. are charged at an additional $20.00 per page. Excessive or
complicated tables, sideways tables, oversize figures, or photos may be subject to an additional
charge of $5.00·20.00 per page depending on number, length, complexity, etc. Author's
alterations on the galley will be charged at the rale of $2.00 per line. (Page charges nre subject
to change without notice.)

For more information on prevailing page charges and charges for immediate publication,
advertising rates, cost of reprints, etc., contact the Business Manager.

EDITORIAL COMMITI'EE

Editor: C. A. Walgenbach, P.O. Box 1166, Hendersonville, NC 28793·1166
Technical Editor: J. K. Reed, P.O. Box 425, Fairview, NC 28730
Business Manager: H. W. Fescemyer, Dept. of EntomoI., Clemson Univ., Clemson, SC
29634·0365
Subject Editors:

J. D. Culin, Dept. of Entomol., Clemson Univ., Clemson, SC 29634-0365
C. J. Eckenrode, Dept. of Entomol. NYS Agricultural Expt. Sta., Geneva NY 14456
C. S. Gorsuch, Dept. of Entomol., Clemson Univ., Clemson, SC 29634·0365
E. E. Grafton·Cardwell, Kearney Agricultural Center, Univ. ofCaIifornia, Parlier, CA

93648
J. F. Grant, Entomol. & Plant Path. Dept., Univ. ofTennessee, Knoxville, TN 37901-1071
D. B. Hogg, Dept. of Entomol., Univ. of Wisconsin, Madison, Wl53706
J. A. Lockwocxl, Dept. of Plant, Soil & Insect Sciences, Univ. ofWyoming, Laramie, WY 82071
J. V. Maddox, llIinois Natural History Survey, 607 E. Peabody Dr., Champaign, lL61820
E. C. Turner, Dept. of Entomology, VPI & SU, Blacksburg, VA 24061

NOTE:: St.Ilt.cmenls in the Journal of Agriculturul Enlomology, whether fad or opinion, Illll the 1lOle responsibility of the
lluthol'll. Mcntion or (I oollullcrciul product docs not constituto cndOl"llCmcnl by tho South Corolinu EnltJnlol!Jh",cnl Society.

This issue mailed 18 May 1992

01992 by The South Carolina Entomological Societ)', Inc.



OFFICERS OF THE SOUTH CAROLfNA ENTOMOLOGICAL SOCIETY, fNC.

President: S. H. Roach, 24lO Mosswood Drive, Florence, se 29501
Immediate Past President: J. B. Kissam, 349 Gin Shoals Road, Six Mile, se

29682
Vice President: John Hopkins, 114 Old Hickory Point, Greenville, se 2960i.
Secretary-Tl'easw'er: Robert Nash, Central \Vesleyan College. 1 \Vesleyan Drive,

Central, SC 29630
Historian: J. D. Culin, Dept. of Entomology, Clemson Univ., Clemson, SC 29634

0365



COCHRAN MEMORIAL FU D PATRO S'

American Cyanamid Co.
Hoechst-Roussell Agricultural Company

ICI Americas Inc.
J. B. Kissam

Mr. and Mrs. T. P. Knox, Jr.
Orkin Pest Control

Rhone - Poulenc Ag Company
South Carolina Pest Control Association



Effects of Pyrethroid Insecticides on Nontarget
 
Invertebrates in Aquatic Ecosystems l
 

La! S. Mian2, and Mir S. Mulla 

Department of Entomology
 
University of California
 

Riverside, CA 92521-0314
 

J. Agric. Entomol. 9(2):73-98 (April 1992) 

ABSTRACT This review presents data on t.he impacts of pyreihroid 
insecticides on nontarget aquatic invertebrates. Toxicological information on 
both photolnbile and photostable pyrethroids against insects and mammals 
has been evaluated. A detailed analysis is also provided on the 
contamination of nquatic habitats by pyrethroids through direct, purposeful 
usc in pest control, and indirect routes such as spray drift, run-off and 
erosion processes. 

Based on laboratory data, some of the photostable and more effect.ive 
compounds could be ranked in order of decreasing toxicity to nontarget 
species as: permethl"in = fenvalerate < cypermethrin < deltamethrin. In field 
studies, depending on their use pattern in agricultural, silvicultural and 
public health pest control programs, nontarget aquatic insects such as 
Ephemcl'optera, Odonata, Plecoptera, Hemiptera, Coleoptera and 
Trichoptera, and crustacean groups such as Clndocera, Ostracoda, Copepoda, 
Amphipodn, Isopoda and Decapoda, were more severely affected by exposure 
to pyreth"oids than other invertebrates. In most of these cases, however, the 
population recovery of affected species to pretreatment levels was noticed 
within weekH to months after application. Moreover, the impact of these 
transient effects of pyrethroids on nontarget fauna resulted in short-term 
reductions in the populations of dependent fish species in aquatic 
ecosystems. 

KEY WORDS Pyrethroids, nontarget, aquntic, invertebrates. 

Chemical insecticides constitute one of the most reliable and needed 
components of pest control programs in agriculture, forestry, home-garden, and 
public health. The use of insecticides in agricultural and forest ecosystems can 
result in indirect contamination of aquatic habitats through drift, ",rind and soil 
erosion, and rain. In control programs of disease vectors, chemical insecticides 
are directly applied to extensive portions of aquatic habitats in order to control 
the aquatic stages of pests and disease-vector insects such as mosquitoes, 
chironomid midges and blackflies. Some nontarget biota in aquatic environments 
are as vulnerable as the target organisms to the toxic action of insecticidal 
chemicals. ]n some cases the action of pesticides may be even more severe on 
nontarget insects, and invertebrates that are phylogenetically close to insects. 
, 
2 Recl!ivl!d ror publicnlion 8 September 1989; accepted 23 September 1991. 

Sun Bernardino County VedaI' Control Program, Department or Environmentnl Hl!nlth Services, 
2355 E. 5th St., Sun Bernardino, CA 92410. 
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Natural pyrethrins, and especially the newer photostable pyrethroids, have 
demonstrated high efficacy against pest and disease vector insects with low 
toxicity to mammals. The impact of these new neurotoxic pyrethroids on the 
well-being of nontarget aquatic invertebrates has been the subject of a number 
of recent studies. The toxicity and risks of pyrethroids to nontarget organisms 
have been reviewed by Mulla et al. (1979), Hill (1985), and Smith and Stratton 
(1986). However, these articles do not thoroughly examine the impact of 
pyrethroids on nontarget aquatic invertebrates in field situations. The purpose 
of the present review, therefore, is to synthesize, analyze and update the infor
mation on the impact of pyrethroids on nontarget invertebrates in aquatic 
ecosystems with special emphasis on use patterns of these materials. 

PYRETHROIDS 

]n the wake of insect resistance to various organophosphorus compounds, 
cal'bamates and natural pyrethrins, a new group of synthetic analogues of 
pyrethrins - pyrethroids, was developed and evaluated against insect pests in 
agricultural, forestry, animal health and public health sectors. Of these com
pounds, allethrin was the first pyrethrin-like compound developed in the early 
1950's. Like natural pyrethrins, allethrin showed the same order of toxicity as 
pyrethrins to insects coupled with low toxicity to mammals; it was also suscepti
ble to catabolic enzymes and sunlight (Chen and Casida 1969). In the early 
1960's new pyrethroids were synthesized and developed for insect control, 
thereby replacing natural pyrethrins (Barthel 1961). During the early stages of 
their development, several or these compounds, e.g., allethrin, bioallethrin, cis
methrin, resmethrin, bioresmethrin, and tetramethrin, were shown to have 
good knockdown properties against the houseny (Hayashi and Hatsukade 
1968). Resmethrin appeared to be almost 20 times more toxic to the house fly 
than natural pyrethrins (Elliott et al. 1967). Tetramethrin, which was originally 
synthesized by Kato et al. (1964), appeared to have more powerful knockdown 
properties than insect killing action as compared with some of the other com
pounds (Nishiwaza 1971). Nonetheless, most of these pyrethroids such as 
allethrin, bioallethrin, cismethrin, resmethrin, bioresmethrin, and tetra
methrin, lacked stability in the air and sunlight (Elliott et al. 1973) and were 
not suitable for usc in outdoor situations, especially aquatic habitats, thus pos
ing little or no hazard to aquatic fauna. 

The synthetic pyrethroids developed in the early years had good insecticidal 
properties with low mammalian toxicity, but their instability in air and light 
remained a major problem in long-range control programs. In 1973, however, 
phenothrin was synthesized, and was found to be more photostable than 
allethrin, furamethrin, resmethrin, and tetramethrin. It had stronger insectici
dal activity than resmethrin but lower knockdown activity than the other com
pounds (Fujimoto et aJ. 1973). Studies on modifying the photo-labile moieties, 
i.e., acid and alcohol moieties, resulted in the synthesis of other photostable 
insecticides such as deltamethrin (= decamethrin, Elliott et al. 1974), cyperme
thrin (Elliott et a!. 1975), fen valerate (Ohno et al. 1976), and cyOuthrin 
(Behrenz et al. 1983). Some of the above mentioned pyrethroids with data on 
their tox.icity to both insects and mammals are presented in Table L 



Table 1. General chemical and toxicological information on pyrethroids. 

Common name 

Natural pyrethrin 

Allethrin 

Dioallethrin 

Dioresmethrin 

Cismethrin 

Cyfluthrin 

Cypermethrin 

Deltamethrin 
(= dccamethrin) 

Fenproputhrin 

Code number or
 
other name{s)
 

Allyl homolog of Cinerin 1,
 
ENT 1750
 
Pynamin
 

Pynamin-Fortl..-®,
 
Esbiol®
 

FMC 18739, NRDC 107,
 
RU 11484, SBP 1390,
 
Chryson Forte@, Rcsburthrine
 

NRDC 119, RU 12063
 
Cismethrin
 

FCR 1272, Oko®, Mafu®,
 
Baythroid·H
 

CCN 52, FMC 30980,
 
NRDC 149, pp 383
 
WL 43467, AMMO®,
 
Barricade®, Cymbush®,
 
Fastac, Folcord®, Imperator®,
 
Kalil super®, Polytrin®,
 
Ripcord®, Stockade®
 

NRDC 161, FMC 45498,
 
HU22974, OMS 1998
 
Butonin®, DutoX®, Decis®
 

5-3206, SD 41706
 
WL 41706, Danitrol®,
 
Mcothrin®, Hody®
 

Chemical description 

«±)·3·allyl.2.methyI.4.oxocyc!opent·2·cnyl 
(t) cis, trans-chrysanthcmate) 

Ht)'3-allyl·2-mcth:yl-4-oxocyclopent--2-enyl 
(±)lmns·chrysanthematel 

[5·benzyI·3·furyImcthyl(+)Irans
chrysanthematel 

{5·benzy!·3·fu rylmethyI(+kis-chrysan theron te] 

[(eyanO-<4-fluoro-3-phcnoxyphenyl}-methyl. 
3<2,2-diehloroethanyl}-2,2
dimcthyleyclopropanecarboxylateJ 

[RS·(l·eyano·3·phenoxybenzyl,IRS,eis,tmns
3'(2,2-dichlorovinyl}-2,2-dimethylcyclo
propanecarboxylatel 

r5-a-eYl'lno-3·phenoxybcnzyl, lR,eis-3-(2,2
dibromoviny1)-2,2-dimethyleyclopropane· 
carboxylate] 

Ill-eyn no-3-phenoxybenzyl·2,2,3 ,3-tetra· 
mcthylcydopropanecarboxylutel 

Mummnlian 
loxicit).(I,b 

900 

1,500
 
<685 - 2430)
 

> 8,000
 

100 

500 

500 
310 

70 - 140 
135 - 535 

107 - 164 

Insect 
toxicity: 

;;:
1,100 d 

~ 
940 e • 

e. " 
;;: 
c:

420 d ,... 
~ ..,

9 d 
'< 

g."
"" OJ 

22 d c:••
e.

l d " 
Z 
0 

;;"
210 b " 

0 " ~ 

> 
~ 

•c~ 
0 

5" 
< 
0 

1 d ~ " 
•
or

" 
~ 
0 

0.27 r " 

..., 
'" 



Table 1. Continued. 

Code number or Mammalian Insect 
Common nume other name(s) Chemical description toxicityll,/) toxicity<: 

Fenvuleratc 

Fhl\'nlinate 

Kadethrin 

Permethrin 

Phcnothrin 

Rcsmethrin 

Tetrumclh ri n 

Tralnlllethrin 

8-5602. SD 43775,
 
Pydrin®, Sumicidin®
 

RU 15525
 

FMC 33297, NRDC 143,
 
OMS 1821, PP 557, S-3151,
 
SUP 1513, \VL 43479,
 
Ambush®, CoopeX®, Ectiban®,
 
Eksmin®, Kafil®, Outflunk®,
 
Pcrmasect®, Pethrine@,
 
Picket®. Pouncl--<@, PrameX®,
 
Qamlin®, Slomoxin®
 

ENT 27972, OMS 1810.
 
5-2539, Pesguard®,
 
Sumithrin®, Wellcifle®
 

Fi\'[C 17370,NRDC 104.
 
5BP-1381mIRestrin®. Chryson®
 

Fl....lC 9260, Phthalthrin,
 
Ncu-Pynamin®
 

RU 25474
 

[a-eynno-S-phenoxybcnzy1.2-(4-ehloropheny1)
3-methylbutyratel 

[N-[2-chloro-4-(trifluoromcthyl)phyenyl
DL-valine·a-cyano-{3-phenoxphenyDmethyl ester] 

[5-benzyl-3-furylmethyl,IR,cis-2,2
rl illlcthy1-3-(2'-oxo-3'-thiacydopentylidene· 
methyD-l-cyclopropanecnrboxylatel 

[3- phenoxybenzyI, 1R,cis, INlfIS-3-(2 ,2
dichlorovinyl)-2,2-dimethylcyc1opro
panecarboxylatel 

[3- phenoxybenzy1, lR,cis, Ira mi
chrysanthemate] 

(5-benzy1-3-fury Imethy l(+ )cis, trans
chr)'surlthemate] 

[3,4 ,5 .6-tetrahyd rophth al imidomethyl(±) 
cis,lrolls·chrysanthemate] 

[RS-a-cyano-3-phenoxybenzyl,IRS.cis· 
3( 1,2,2 ,2-tetramoethanyl)-2 ,2-dimethylcyclo
propanecarboxylatcl 

450 

140 - 1,300 

2,000 
430:> 5,000 

:> 10.000 

3.000 
:> 2,500 - :> 5.000 

> 5,000 

a Oral LDsu to rat, mglkg. 
b Elliott et a1. (1978), Miyamoto. (1976), Riley (985), and Worthing and Walker (1983). 
C Expl"essed in nglfly (LDriO)' 
d Behrcnz et a1. (1983). 
e Calcululed from band d sources. 
f LC51l (ppb) tu fourth instar-larvac of Culex quillquej"asciatlts Say (Mulb et a1. 1982). 
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The advent of photo·stable pyrethroids in the mid-1970's opened a new 
chapter in the history of world pest control. Since 1976 there has been a multi
fold increase in the worldwide usage of pyrethroid insecticides. According to 
Herve (1985), the user-value of pyrethroids in tenns of millions of U.s. dollars 
was 10 in 1976, 80 in 1977, 220 in 1978, and 300 in 1980. In nonagricultural 
uses of pyrethroids, such as veterinary, animal houses, public health, household 
and industry, the user-value of pyrethroids amounted to U.S. $100 million in 
1980 and this value was estimated to increase threefold in 1985 (Herve 1985). 

MODE OF ENTRY OF PYRETHROIDS INTO AQUATIC ECOSYSTEMS 

The entry of insecticides into the environment can occur in several ways. 
Direct sources of environmental contamination by insecticides include purpose
ful applications to control insect pests in agriculture, horticulture, silviculture 
(DeBao 1980, Hull 1982, Herve 1985) and pests and disease vectors in public 
health (Elliott et al. 1978, Mulla et al. 1978, 1979, 1980, 1982, Baldry et al. 
1981). The indirect entry or transport of pesticides into the environment is pos
sible through wind, water, and food or feed (Westlake and Gunther 1966). A 
brief synopsis by Mulla et al. (1981) identifying the direct and indirect sources 
of pesticide entry into the environment, is given as follows: 

Direct sources: 
A) Applications to control insect pests in agriculture, forestry, turf, home

garden, and floriculture 
B) Application to livestock against pests and disease vectors 
C) Soil applications against subterranean pests 
D) Water treatments to control weeds, mosquitoes, midges, blackflies, trash 

fish, etc. 
E) Residual structural applications to control mosquitoes and other pests of 

humans and animals 

II. Indirect entry from main sources: 
A) Drift (air), rain, and snow 
B) Animal dips 
C) Soil erosion through wind, water, etc. 
D) Sanitation system carrying pesticides ii"om washing and cleaning of 

equipment and containers
 
E) Industrial wastes from pesticide manufacturing plants
 
F) Dumping of pesticides
 
G) Spilling of pesticides
 
H) Decaying pesticide-laden plant debris
 
l) Dead animals and animal excreta
 

In public health, larvicides such as cypermethrin, deltamethrin, fen
propathrin, fen valerate and permethrin are used against mosquitoes (Mulla et 
al. 1978, 1982) and deltamethrin and permethrin could be used against black
mes (Muirhead-Thompson 1977, 1978, 1981a,b, Mohsen and Mulla 1981, Bellec 
et a1. 1983). In forestry, permethrin was extensively tested in the control of 
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spruce budworm in the pine forest ecosystem in Canada (DeBoo 1980). Ponds 
and streams in the pine forest were directly exposed to aerial application of per~ 

methrin. In agricultural crop situations, inigation water in canals and ditches 
around fields can receive direct spray deposits from aerial applications of 
pyrethroid chemicals such as cypermethrin, deltamethrin and permethrin in 
cotton pest control <Davis et al. 1977, Ruscoe 1979, Herve 1985). 

Of the indirect modes of entry into aquatic habitats, insecticide drift by wind 
and erosion or transport of pyrethl'oid-contaminated sediment through the agency 
of wind and water, are more common than other routes. Contamination of 
ponds, streams and water ditches adjacent to cotton, potatoes, sugar beet and 
vineyards by cypermethrin and permethrin through spray-drift or runoff, was 
demonstrated in field trials (Crossland et al. 1982). Although there is no docu· 
mented evidence on the erosion or transport of pyrethroid-contaminated soil 
particles through wind, the transport of pyrethroid residue in runoff has been 
documented in actual field situations. According to Wauchope (1978) total losses 
for the majority of commercial pesticides from crop surfaces are 0.5% or less of 
the amount applied unless heavy rainfall conditions occur within 1-2 wk after 
application. Transport of pyrethroid residues in runoff to a great extent depends 
on the hydrosolubility of the compound in question; as well as the distance 
between the site of application and the receiving aquatic habitat. Pyrethroid 
residue in the water phase is more bioavailable than that in the adsorbed state 
on particulate matter; this results in a higher residue uptake by aquatic organ
isms from water than from food alone (Hill 1985). Generally insecticides with 
water solubility of 10 ppm or more are lost mainly in water phase, while those 
with low hydrosolubiLity remain adsorbed on sediment (Wauchope 1978). For 
pyrethroids such as deltamethrin and cyfluthrin with water solubility of 0.1 
ppm (Roussel-Velaf 1982) and 1-2 ppm (Behrenz et aL 1983), respectively, 
residue adsorbed on sediment will be more subject to transport by wind and 
water than solubilized residue in the water phase. [n a later study, Carroll et al. 
(1981) demonstrated that under a wide range of rainfall and runoff conditions, 
permethrin concentration and loss in the runoff were low and not high enough 
to be harmful to aquatic organisms. [n this study, permethrin was applied to 
the cotton crop at 0.112 kglha on ten different occasions in August and Septem~ 

bel' 1976 and 1977. In the 1976 cotton season (80 cm rainfall), permethrin con
centration in runoff did not exceed 0.2 ppb and the total amount recovered was 
< 0.01% of the quantity applied. During the higher (103 em) rainfall year (1977), 
the runoff concentrations of permethrin were less than 1.0 ppb and the total 
amount recovered was <1 % of the quantity applied. 

IMPACT OF PYRETHROIDS ON NONTARGET INVERTEBRATES 

In the hydrosphere, a large number of nontarget organisms cohabit with a 
small 'number of target pests and vector insects such as mosquitoes, midges, and 
blackflies. Nontarget fauna include useful predators of some pest insects, which 
are important in the dynamics of food chain relationships as well. Therefore, it is 
expedient to examine the effects of pyrethroids on nontarget aquatic animals. 
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Acute toxicity of pyrethroids - laboratory studies 

Literature dealing with acute toxicities of pyrethroids to nontarget aquatic 
invertebrates has been compiled and presented in Table 2. Adequate data are 
unavailable for most nontarget aquatic invertebrates, however. For comparison 
purposes, toxicity data of some of the newer pyrethroids against target pests, 
such as mosquitoes and blackflies, are also listed (Table 2). A majority of the 
toxicity data has been available for the photostable pyrethroids such as cyperme
thrin, deltamethrin, fenvalerate, permethrin, etc. The most widely tested among 
these pyrethroids is permethrin. Based on Table 2, the photostable pyrethroids 
could be ranked in order of their decreasing toxicity to invertebrates as: perme~ 

thrin and fenvalerate < cyperrnethrin < deltamethrin. In general, mollusks - both 
gastropods and bivalves, were the least sensitive of all invertebrates studied to 
permethrin, cypermethrin and renvalerate. Among arthropods, however, crus
taceans, phylogenetically closer to insects than mollusks, showed noticeable 
sensitivity to pyrethroids. The LC50 values for cladocerans, Daphnia magna 
and D. pulex, a copepod, Nitocra spinites, amphipods, Gammarus pseudolim
naeus and G. pulex, and decapods (lobsters, shrimps, etc.), fall near those (0.02 
to 3.0 ~g[A.I.J/liter) for mosquito and blackOy larvae. The isopod, Asellus 
aquaticus, and the mysid shrimp, Mysidophis bahia, have shown even higher 
sensitivies than other crustaceans to pyrethroids such as cypermethrin and per
rnethrin. It should, however, be pointed out that most use patterns of 
pyrethroids do not coincide with biotopes supporting these taxa. Unlike the par~ 

eot compounds, the degradation products of deltamethrin, cypermethrin, fen
valerate and permethrin have exhibited several thousand-fold decreased toxici
ty to D. magna under laboratory conditions (Table 3). 

Of the nontarget aquatic hexapods which are even closer phylogenetically to 
target pest and vector insects, several predaceous and nontarget species show 
approximately the same order of sensitivity to pyreth,"oid chemicals as 
mosquito larvae. These include mayOies, BaeUs spp., GIDeon dipterum, 
Ephemerella sp., and Hexagenia spp.; a stoneny, Pteronarcys dorsata; whirligig 
beetle, Gyrinus natator; caddisflies, Brachycenlrus americanus and Hydropsy
eke spp.; and the snipeny, Antherix spp. The water boatman, Corixa punctata, 
and backswimmer, Notonecta 11.1/.dulata", have low sensitivity to some of the 
pyrethroids. 

The accumulation of pyrethroids by the uptake of dissolved quantities in 
pore water above sediments can be another phenomenon in which benthic 
invertebrates such as chironomid midges could be exposed to pyrethroids. Muir 
et al. (1985) reported on the bioconcentration of four compounds namely, cis
and t.rans-cypermethrin, deltamethl'in, fenvalerate and cis- and trans-perme
thrin by the larvae of Chironomus tentans Fab. in sand, silt and clay sediments 
and water (sediment/water ratio of 1:5). The test larvae were exposed for 24 h 
(in sediment) to 48 h (water above sediment) to 12-640 ng/g of 14e-Iabelled 
cypermethrin and 5-10 ng/g of the other three pyrethroids. The data revealed 
that larvae in water above sand accumulated greater concentrations (5- to 15
fold) of each pyrethroid than larvae held in water above silt and clay sediments. 
The lower bioavailability of these compounds in the latter case was attributed 
to greater sorption of residue to suspended particulates. The data further 
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revealed that the larvae had no adverse changes in their behavior when exposed 
to sediments containing 5 ng/g of each pyrethroid. At 10 ng/g, midge larvae 
were immobilized. However, a majority of them survived after they were trans
ferred to pyrethroid-free water. 

These data suggest a potential danger to the well-being of nontarget aquatic 
invertebrates. However, these laboratory tests were carried out either in static, 
flowing or intermittent flow systems. Depending on the physical and chemical 
properties of the pyrethroid, and the life stage, body size, and weight of exposed 
organisms, a test organism in a static water system is exposed to pesticide con
centrations in water for a longer period of time than in intermittent flow and 
flow-through systems. Therefore, the impact of pyrethroids on nontarget aquat
ic organisms is best studied under field conditions. 

Effects of pyrethroids - field studies 

The toxicity of pyrethroids to nontarget aquatic invertebrates in the field 
may be different than shown in the laboratory. The effects of pyrethroids on 
nontarget aquatic invertebrates need to be appraised in three major sectors of 
pest control programs such as public health, agriculture and forestry. 

Public health use of pyrethroids. Several pyrethroids have been evaluat
ed against mosquitoes, blackflies and tsetse flies in simulated as well as actual 
field trials. However, studies on the impact of these compounds on nontarget 
aquatic invertebrates have been generally limited to aquatic arthropods, espe
cially crustaceans and aquatic insects. Other nontarget invertebrates that 
inhabit wetland habitats have been less well studied. 

In several studies, photostable pyrethroids such as cypennethrin, fen valerate 
and permethrin were evaluated for their effects on nontarget organisms in a 
variety of habitats ranging from 5-liter tanks, to experimental and natural 
mesocosms (Mulla et al. 1975, Miura and Takahashi 1976, Mulla and Darwazeh 
1976, Solomon et al. 1980, Tagatz and Ivey 1981, Cmssland 1982, Hill 1985). 
Detailed information on these studies, including pyrethroid rate of application, 
habitat description and test periods, is given in Table 4. Cypermethrin at 1.4 
and 100 g/ha in experimental and natural ponds, respectively, caused no 
adverse effects on various invertebrates belonging to the taxa Platyhelminthes, 
Rhynchocoela, Rotlfera, Annelida, and Mollusca. This pyrethroid, however, 
caused> 95% reduction in the populations of arthropod fauna such as Crus
tacea (Cladocera, Ostracoda, Copepoda, Amphipoda and Isopoda), Insecta 
(Ephemeroptera, Odonata, Hemiptera, Coleoptera and Diptera), and Arachnida 
(Hydracarina or water mites). In the majority of these groups, recovery of popu
lations occurred within 6 rna posttreatment. The effects of fen valerate in 5-liter 
aquarium tanks were only visible in Polychaeta (Annelida) and Amphipoda, 
causing approximately 50% reduction in numbers by 6 d after application. In 
experimental ponds (Miura and Takahashi 1976) however, this compound at 84 
g/ha, produced> 95% mortality in Cladocera, Ostracoda, and Copepoda soon 
after application; the populations of cladocerans and ostracods started to build 
up in the ponds 4 d after application. At a lower rate (28 g/ha), this pyrethroid 
caused slight mortali ty in corixids, notonectids, dytiscids and hydrophilid beetles 
as evidenced by dead organisms collected in the treated pond. However, there 



Table 2. Acute toxicity of pyrethroids to invertebrates. 

Size! Test Toxicity Toxicity Footnote 
Taxon Organism stage conditionn Pyrethroid parameter (uglliter)b rcfcrcncesC :s: 
MOLLUSCA 

Gastropoda 
Limnaea Btagnali!f L. Egb'!l 

Adults 
S 
S 

Permcthrin 
Permethrin 

48·h LCSO 
48·h LCSO 

>200J,e 
> loa',t' 

4 
4 

;;
Z 
= 0 
"-

Bivalvia 
Crassostrea gigas Thunberg f Larvne 

Juveniles 

F 
F 
F 

Permethrin 
Cypermethrin 
Permcthrin 

"8·h LCSO 
48·h LCso 
48-h LCSO 

>4.ad 
>2.:Jd 
>4.Sd 

4 
4 
4 

2 
c
i: 
~ 
" Crassostrea virgilljca Gmelin ( 109 

Larvae 
F 
S 

Cypermethrin 
Fenvalcrtltc 

96·h EC50 
24·h ECSO 

370' 
>Icl.g 

4 
21 

~ 

:r 
" 9. 

ARTHROPODA,CRUSTACEA 
Cladocera 

Daphnia magna Straux Fir!lt instnr S Permethrin 48·h ECSO 0.6 4 

"
"•0 
"

72-h ECSO 
0.8· 
3.4 

1.3l' 4 
4 

Z 
0 
0 

Adult S Permethrin 24·h EC60-80 O.S 20 b 
S Cypermethrin 4S·h ECoo-95 1.3' 4 " " 3.1·22.0' 4 ~ 

72·h ECSO 0.2· 
0.3

1.6 
O.St 

4 
4 

>., 
c 

Juvenile 
Adult 

S Permethrin 48·h ECso 
48-h ECSO 

0.4 
0.2 0.6 

4 
4 

~ o· 
Daphnia pulex Lcydigia Adults S Allethrin LCSO 0.021 4 :; 

< 
~ 

Copepoda 
NiCocra spinitis Boeck ( 

Amphipoda 

0.7mm S Permethrin 
Fen~'alerate 

96-h LCSO 
96-h LCSO 

0.15' 
0.38 

9 
9 

S 
~ 

;;

•" 
Gammarus pseudolimnoeu8 

Donsfield Small juveniles S Fenvalerate 96-h LCSO 0.05 4 
Juvenile/adults F Fenvnlerate 96-h LC:,'iO 0.03 4 

~ 



Table 2. Continued. '" '" 
Taxon OrJ:'anism 

Size! 
stage 

Test 
conditionu Pyrethroid 

Toxicity 
parameter 

Toxicity 
(Ilglliter)b 

Footnote 
referenceS: 

Gommaru. ... pulex L. 

Adults 

5mm 

F 

S 

Fenvalerate 

Cypcrmelhrin 

Permethrin 

24-h LesO 
48-h LeW 
96·h Leso 
24·h LC50 
24·h LeSO 
24-h LegO_ 95 

0.13 
0.07 
0.03 
0.04 
0.10 
1.0 

4 
4 
4 
I' 

"13 

Decapoda 
Crangon scptcmspinos (Say)! 

Penaeus azlcc/J.!l Ive!! r 
PCIlU(!US dlloarum Burkcnrufld f 

UCCl pugilator (Dose)! 

Homarus americanus 
Milne-Edwards f 

1.3 g 

20mm 

'I!jOg 

S 

S 
F 

S 

S 

Cypennethrin 
Fcnvalcratc 
Permethrin 
Pcrml:!thrin 
Cypcrmethrin 
Deltamcthrin 
Fenvalerate 
Permethrin 
Cypcrmcthrin 
Deltamethrin 
Pcrmcthrin 

Cypcnnclhrin 
Fenvalerate 
PcrmClhrin 
D(!ltamethrin 

'6·h Le,O 
96-h LC50 
96-h LC50 
96-h LC50 
96-h LC50 
96-h LC50 
96-h LC,iO 
96-h LeSO 
96-h Le50 
96-h LeGO 
96-h Leso 

96-h LeSO 
96·h LCSO 
96-h LG50 

96·h I.'" 

0.01 
0.04 
0.13 
0.34 
0.04 
1.50 
0.84 
0.22 
0.20 

< 0.56 
2.20 

0.04 
0.14 
0.73 
0.40 

10 
10 
10 
'0 

18,22 
fl,IS 
18 

5,6,7,18 
10 
8 

5.6.10 

10 
10 
10 
4,8 

"

> 
~ 
fi' 

'" ;;. 
0 
3 
~ 

~ 
.'" 
Z 
9 

'" 
Procambarus blandinni Hohb~ f 
Procamb(lrus clarkii Girard 
Orcvnecte.<> sp. 

24 g 
0.05-0.5 g 
2.3 g 

F 
S 
F 

Permethrin 
Pcrmclhrin 
Cypcnncthrin 

96-h LCSO 
96-h LCSO 
96-h LeW 

0.12 
0.15 - 0.23c 
0.07 

22 
10 
I' 

'" '"t' 
Paracarida 

M)'sidopsis bahia (1\'lolenock) F Cypermcthrin 
Fcnvalcrate 
Permethrin 

96-h LC50 
96-h LCW 
96·h LC50 

5.Qh 
8.0' 
20.0' 

3.4 
3,4,18 
3,4,18 

ARTHROPODA-INSECTA 
Ephcmeroptera 

Baetis parUlis Dodd~ Larvae F Dcltamcthrin 
NRDG 160 

24-h LC50 
~4-h LCso 

0.4 
1.1 12 

12 



Haetis rhQiluni Pictet Lur-,'ae F C)'pcrmcthrin 

Permelhrin 

96·h ECSO 
96·h LCSO 
24-h LCOO_ 9S 
(l-h exposure) 

6.oh 
12.oh 

1.0 

4,13 
4,13 
13 

Cloeoll diple.rum L. 

Ephemerella sp. 

HI!Xugcnia bilineala (Say) 
Hexagenia rigida (i\'1cDunnough) 

5mm 

Early Instar 

NYlllphs 

S 

S 
F 

F 

Cypermcthrin 

Pcrmethrin 
Fen\'nlcratc 

Permethrin 
Pcrmethrin 

24-h ECso 
24-h LCSO 
72-h ECSO. 
24·h EC50~ 
48·h ECsoJ 
96-h LCso 
96·h LC50 

6·h LCSO 

0.07 
0.60 
0.03 
0.31 
0.07 
0.93 
0.10 
0.6· 2.0 

I,. 
I,. 
I,. 
1,4 
I,. 
I,. 
13 
2 

s: 
S; 
Z 
~, 
'" s: 
c: 
C
eo 

Plccoptera 
Pterorzarcys dorsata (Say) F 

F 

Fenvalcrate 

Permcthrin 

72·h ECso 
72·h LCso 
72-h EC50 
72-h LCSO 
28·d LCSO 

0.13 
:>1.0 

0.15 
>0.'10 

0.04 

1 
I 
1 
1 

1,4 

~ 

::J'•s: 
" 0 
Q: 
0 

Hemiptera 
Corixa pundala (Illiser) 

Notonecta ulldulata Say 

Adults 

Adults 

S 

S 

Pcrmethrin 

Allethrin 
Dimethrin 
Tetramethrin 
Resmcthrin 
Bioresmethrin 

~4-h ECSO 
24-h LCso 
48-h LCW 
48-h LCSO 
48-h LeW 
.S·h Le50 
48-h LCSO 

0.7 
:>5.0 
29.0 
O.tek 

33.&' 
1.... 
1.2K 

I,. 
I.. 
11 
11 
11 
11 
11 

~, 
'" Z 
0 = 
S 
~ 
~ 

> 
.0 = 

Coleoptera 
Gyrinus natator <Portevin) 

Trichoptera 
Brachycentrus ameri('aflu.~ 

Banks 
Brachycentrus sulmubilis 

Curti!; 

Adults S 

F 

F 

Cypermethrin 

Permethrin 

Permethrin 

24·h ECW 
24-h LCsO 

96·h ECSO 
96·h LCSO 
21·h ECOO_95 
(l-h exposure) 

0.07 
0.60 

0.40 
>0.5 

1.0 

I,. 
I,. 

I 
1 

13 

~ 
(;. 

;
< n 
" 5" 
a
" ~ 

5" 
0 

Hydropsyche califomica 
Banks 

Hytlropsyche pellw:idlllCl 
Curtis 

Larvue IF 

F 

Dcltamcthrin 
NRDC·UjO 
Pcrmethrin 

24·h LCSO 
24·h LCSO 
24·h LeOO.05 
(I·h exposure) 

0.4 
0.7 
0.1 

12 
12 
13 

'" '" 



Table 2. Continued. 

Sizcl Test Toxicity Toxicity Footnote 
Taxon Organism slage conditiona Pyrcthroid parameter (pglliter)b rcrcrencesC 

Diptera 
Anthem sp. Larvae F Fenvnlcrutc 3·d LeSO 0.60 1 

7-d LeSO 0.12 1 
11·d LeW 0.07 1 
28·d LCso 0.03 1 

Culex IAedes spp.l Larvae S Cypermethrin 24-h LCOO 0.07  1.0 15,16,17 
Deltomcthrin 24·h LCSO 0.02· 0.4 15,16,17 
Fenvaleratc 24-h Le50 0.9 2.8 15,16,17 
Pcrmethrin 24·h LCsO 0.5 3.0 15,16,17 

Pupnc S Cypcrmcthrin 24-h LCSO 0040 15,16,17 
Deltamcthrin 24-h LeSO 0.07· 0.6 15,16,17 
Fenvalcrate 24·h LCGO 1.2 5.3 15,16,17 

Simulium spp.l Larvae IF 
Permethrin 
Dcltamethrin 

24-h LCSO 
24-h Le50 

0.7 
0.02 

6.0 15,16,17 
12 

F Deltamcthrin 24·h LeSO 0.10 14 
(l-h exposure) 

Permethrin 24-h LCSO 1.0 13 
(l.h exposure) 


a F. now-through system, IF· intermittent now system, S-stntic.
 
b Toxicity in ~g active ingredient technical materiallliter, unless stated otherwise. Exposure time the same as toxicity data recording time unless indicated otherwise.
 
/: 1. Anderson (982), 2. Friesen ct a1. (1983), 3. Garnos and Schimmel 0980, 4. Hill (1985), 5. Jolly and Avault (978),6. Jollyet al. (19781, 7. Kenaga (19;9), 8.
 

Lhostc and L'Hotellicr (982), 9. Linden et a!. (979), 10. McLccsc ct aJ. (980), 11. Mills et al. (1969). 12. Mohsen and Mulla (1981), 13. Muirhead-Thompson (978), '" 
14. Muirhead-Thompson (l98Ia), 15. Mulla et aI.11978), 16. Mulla et al.I1980), 17. Mulln et al. (982),18. Schimmel et al. (1983),19. Stephenson (1982), 20. Strat !:'!'"
ton and Corke (l98!), 21. Tngatz and Ivey 098!), 22. Zitko et a!. (979). 

dExprcssed in mg (Al.Y!iter. 
e EC material (emulsifiable concentrate). 
{ Marine or estuarine organisms tested in salt water. 
Ii Measure of reduction in shell growth; it is not a toxicity value. 
h ng (Al.Y!itcr. 
j LT -lethal threshold in ~g{A.I.)IIiter, 

j Measure of reduction in swimming activity; it is not a toxicity value. 
k LCSO calculaled from dosugc/mOltality duul. 
I Target pest species. 
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Table 3. Acute toxicity of major metabolites of photostable pyrethroids 
to Daphnia magna. fI 

EC50 (~glA.I.]Iliter) at 

Parent compoundb MetaboliteC 24 h 48 h 

C 
P 
C,D,E,F,P 
C,D,E,F,P 
C,P 

3-Phenoxybenzyl acid 
3-Phenoxybenzyl alcohol 
3-(2,2-Dich lorvinyl)-2, 

17,000 
147,000 
199,000 

1.3 
0.6 

10,000 
85,000 

128,000 

2-dimethyl cyclopropane 
carboxylic acid 
lcis:/ra"s, 40:60J 

(I Hill (1985). 
be, 0, F, and P stand for cypcrmcthrin, delwmclhrin. fcnvlllcrate and pcrmelhrin. rct>pecLively. 
C Ester h)'drolysis product(s). 

were no significant differences between numbers of nontarget insects trapped in 
treated and control ponds during the 4 d period following treatment. 

Like cypermethrin and fen valerate, permethrin had no apparent adverse 
effects on invertebrates such as Coelenterata, Platyhelminthes (Turbellaria>, 
Rhynchocoela, Rotifera, Annelida (Oligochaeta, Hirudinea and Polychaeta>, and 
Mollusca (Gastropoda and Bivalvia). Most affected were the aquatic arthropods, 
e.g., Cladocera, Ostracoda, Copepoda, Amphipoda, Isopoda, Hydracarina, 
Ephemeroptera, Plecoptera, Odonata, Hemiptera, Coleoptera, Trichoptera and 
Diptera. These animals sustained from 50 to > 95% loss in population densities 
as a result of permethrin applications. Nevertheless, population recovery in 
most cases occurred within 6 mo. 

In actual mosquito larvicidal evaluations, some pyrethroids were studied by 
MuUa et al. (1969, 1972, 1980, 1982) for their impact on nontarget arthropods 
in experimental field ponds. Ephemeroptera (mayflies) was the most sensitive 
group to most of the pyrethroids except tetramethrin (Table 5). Affected popula
tions decreased 50 to 100%. However, recovery to pretreatment or control levels 
took place within 2 - 4 wk after treatment. Other arthropods that showed some 
sensitivity to these compounds were ostracods to cypermethrin, and Odonata to 
aU the photostable pyrethroids such as cypermethrin, deltamethrin, fen
propathrin, fen valerate, permethrin and phenothrin. However, populations of 
these organisms recovered from this transient loss within 2 wk after treatment, 
indicating lack of persistence of these compounds in aquatic mesocosms at the 
applied practical rates. 

Apart from the use of pyrethroids as larvicides in mosquito and blackfly con· 
trol, some of the new photostable pyrethroids have been evaluated in tsetse fly 
(Glossina spp.) control in Africa. 1n these control programs, pyrethroids were 
applied by helicopter to narrow bands of forest plantations along river banks. 
Aerial applications of these chemicals, including ULV formulations, resulted in 
contamination of rivers or tributaries directly and/or through spray drift. 
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Table 4. Application of pyrethroids to simulated, experimental and nat
ural field ponds in nontarget assessment studies.G 

Test period 
Rate Habitat posttreatment Footnote 

Pyrethroid (g [A.I.Vha) description (d) references" 

Cypcrmelhrin 1.4/: Experimental punds 350 2 
5X5Xlmdeep 

100 Natural ponds (2) 14,112 1 
20X 5m 

Fenvalerate 0.01,0.1,1.0, 5- to 6-1iter tanks 56 7 
10 /lglliter 
28,84 Experimental ponds 6 3 

Permcthrin 210 Natural pond (3) 350 2 
0.02-0.4 ha 

56, 112 Experimental ponds 7-16 4,5 
4 X 7 X 0.3 m deep 

5,50l1gll iter Limnocorrals 100 6 
25 m 2 by 4 m deep 

a Modified after Hill (1985). 
b I. Crossland (982), 2. Hill (1985), 3. Miura and Takahashi (1976), 4. Mulla and Darw,.\Zch (1976), ,j. 

Mulln et nl. (1975), 6. Solomon ct al. (1980), 7. Tugatz and Ivey (1981). 
C Multiple applications were made to pond water (eight applications to one pond and two application!; 

each to two other pond!;) and two application!; to pond soilnt 5- to 7·d interva1.s. 

Experimental details of these studies are summarized in Table 6. Contamina
tion of habitat water by cypermethrin, deltamethrin and permethrin and their 
impacts on nontarget aquatic fauna were evaluated in several studies 
(Molyneux et aJ. 1978, Takken et aJ. 1978, Spielberger et aJ. 1979, Smies et aJ. 
1980, Baldry et aJ. 1981, Everts et aJ. 1983). 

The aforementioned studies showed that cypermethrin at 100 g (A.Ufha 
caused 50% mortality in mayflies with some tox.icity to aquatic coleopterans and 
hemipterans; it had no adverse effects on gastropods, odonates, trichopterans 
and dipterans. Deltamethrin at 20 and 40 g (A.l.)/ha in the Karami River habi
tat caused a significant loss in the populations of both Oligochaeta and 
Hirudinea (leeches); it also severely affected decapod populations in all the 
habitats. Of the two prawns, Cariclina africana Kingsley and Macrobrachium 
raridens (HilgendorO, which were markedly a/Tected by deltamethrin, only the 
former species was found reestablished one year after treatment. Deltarnethrin 
in all habitats caused a significant reduction (~ 50%) in the populations of 
Ephemeroptera, Plecoptera, Odonata, Hemiptera, Coleoptera, Trichoptera and 
Diptera. The impact of permethrin on decapods and aquatic insect groups was 
similar to that of deltamethrin. However, recovery of most populations in 
deltamethrin-contaminated water or River Marahoue was noticed within 6 mo 
after pesticide applications. 

In summary, the above discussion clearly indicates that nontarget arthro
pods such as crustaceans and aquatic insects will be affected during applica
tions of photostable pyrethroids in vector control programs. However, the eITect 



Table 5. Effects of some pyrethroids on nontal'get aquatic arthropods in experimental ponds,a 

Pyrethroid 
(formulation) 

Allethrin 
Cypermethrin 
(EC2.5) 
Deltamethrin 
(ECO.21) 
Dimethrin 
Fenpropathrin 
(EC) 
Fenvalerate 
(EC2.4) 
Permethrin 
(ECO.8) 
Phenothrin 
(EC2) 

Resmethrin 
(EC2) 
Tetramethrin 
(EC20) 

Application
 
rate
 

(g [A.I. J/ha )
 

110 - 220 
1.1 - 11 

0.28 - 1.1 

110 - 220 
11 - 55 

11 - 55 

5.5 - 27.5 

27.5- 55 

55 - 220 

55 - 550 

Ostracoda
 

XIR
 

Ephemeroptera 

XXIR 
XXIR 

XXIR 

XXIR 
XXIR 

XXlr 

XXIR 

XXIR 

XXIR 

0 

Effects on nontarget taxab 
:;: 

Footnote ~ 
Odonata Hemiptera Coleoptera referencesc ••"

0 
XXIR 0 

2 
5 

:;;: 
c: 
'" 

(dragonfly) 
XIR 

3 
~ 
~ , 

(damself1y) 
0 

XXIR 
(dragonfly) 

XIR 
(damself1y) 

XIR 

0 
(Dytiscidae) 

2 
5 

3 

3 

0 
;;., 
0 
0: 
"••"-
Z 
0•;, 

(damselfly) 
XIR 0 4 " i!. 

:> 
~ 

(dragon- & 
damselflies) 

0 
2 

§.. 
Co 

;
<
Q 

0 0 
(damselfly) 

1 ~ 
0, 
" 0 

a Ponds measured 6 by 6 m with 30 em water depth. Ponds provided an alkaline habiL'lt with average water pH of9.5, situated ncar the upper end of Salton Sea, " 
l\outhcm California. 

n Effects are abbreviat.ed as: no data taken. 0, no effects; X. some effect -25% 10>15 in number; XX, major effect> 50 • 100'70 Joss in number; R, complete recovery 
within 2-4 weeks posttreatment; r, partial recovery within 2-1 WK posttreatment. 

/: References I, 2, 3, 4, and SUf! MuJln ct ul. 1969,1972,1978,1980, Hnd 1982, respectively. 00 

" 
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Table 6. Experimental details of pyrethroid applications to riverine 
forests in tsetse fly control. 

Application 

PYTCthroid 
(formulation) 

Rate 
(g fA.I.Vha) Method Habitat treated 

Study 
period 
<M' 

Footnote 
rcrerenccsb 

Cypcrmclhrin 
(liLV) 

100 Helicopter 
application 

4- to 6- km runs 

0.'1- to 2-ha blocks along 
lribul.l1rics arRiver 
Knrnmi, Nigeria 

6 4,5 

Dcllarnelhrin 
(ULV) 

20,40 " 4,5 

Dclt.nmethrinc 12.5 
5 applic..'\tions 

Helicopter 

I5-km runs 

River Marahollc, 

Ivory Coast 

30 2 

Dcllamcthrind 12.5 River Komoe Valley. 
Upper Volta 

to 1,3.6 

Delt..... melhrin 
<ULV) 

0.36, 
12.25 
2 applications 

10 1,3,6 

Pcrmethrin 
(ULV) 

1.9,4.3 to 1,3,6 

Pcnncthrin 200,300 Helicoplcr OA· 10 2·ha blocks along 6 4,5 
lULV) 4-6 spray runs tribulnrics or River 

Karnmi, Nigeria 

{I Study period refers to number of days posttreatment. 

h I. GuIdry ct [11. (1981),2. Everts et 01. (1983). 3. Molyneux et nl. (1978), 4. Smics et al. (1980), 5. Spielberger 
ot nl. (1979), 6. 'I'nkkcn ct ul. (1978). 

c 1'wo weeks prior to these appliclltions, habitat received one treatment or pcrmcthrin lit tlO g(A.I.)lha. 

d Application made after other nonpyrethroid insecticide, cndosulfan. 

of this change in faunal composition on the overall ecosystem dynamics has not 
been elucidated in the literature. 

Agricultural use of pyrethroids. Pyrethroids have been used to control 
insect pests in a variety of agricultural crops such as cotton, vegetables, fruit 
orchards, corn, soybean, vines, coffee, and other crops. 

The contamination of aquatic habitats by agricultural use of pyrethroids and 
its impact on nontarget aquatic organisms has been addressed in a limited 
number of field trials. Six case studies have been elucidated in the literature, 
including three on cypermethrin by Crossland et aJ. (1982) and one more on this 
compound and two on permethrin (Hill 1985). Information on application rate, 
method, and site along with posttreatment duration of each study is summa
rized in Table 7. In trials by Crossland et aJ. (1982), two applications of cyper
methrin were applied by tractor-mounted equipment to potato and sugarbeet 
fields adjacent to a 0.02- to O.I-ha pond. Cypermethrin was also applied by mist 
blower to vineyards next to two streams and a drainage ditch. In other studies 
(Hill 1985), multiple (15 to 17) aerial applications of cypermethrin and permethrin 



Table 7. Information on pyrethroids applied to agricultural crops adjacent to aquatic study sites. 

Application Post· 
treatment 

Pyrethroid Rate Method Source crop Study site(s) 
period 
(days) 

Footnote 
referencesu 

1. Cypermethrin 
(ECl 

2. Cypennethrin 
(EC) 

3. Cypermethrin 
(EC) 

4. Cypermethrin 
(EC) 

5. Permethrin 

6. Permethrin 

70 g (AJ.) 
(in 300 literlha) 

30 g (A.l.)!ha 

45 g (A. !.)!ha 
(in 400 liter/ha) 
150 g (A.!.)!ha 
(in 27 literlha) 
224 g (A. I. l!ha 
(in 20 liter/ha) 
224 g (A.1.)!ha 

'l\vo ground applications, 
28 d apart 

Mist blower 

Mist blower 

Fixed wing aircraft; 16 
applications 5 d apart 
Fixed wing aircraft; 15 
applications, 5 d apart 
17 ground applications, 
5 d apart 

Sugar beet 
and potato 

Vineyards 

Vineyards 

Cotton (17 hal 

Cotton (17 hal 

Cotton (2 hal 

3 ponds (0.02-0.01 ha, 
1-2 m deep} (next to 
source crops) 
2 streams 

Ditch 

Pond (3 ha, 2.5·m deep) 

Pond (3 ha, 2.5-m deep) 

Pond (1.2 hal 

7 

1-2 

1-2 

300 

36 

50 

1 

1 

1 

2 

2 

2 

a 1. Crossland ct a1. (1982), 2. Hill (1985). 



90 J. Agric. EntomoL Vol. 9, No.2 (1992) 

were made from a fixed-wing aircraft at 5·d intervals to cotton fields; adjacent 
ponds were exposed to pesticide drift from these applications. 

The effects of these treatments on various invertebrates were studied in 
aquatic habitats contaminated by the two pyrethroids. Rotifers, annelids 
(Oligochaeta and Hirudinea) and mollusks (Gastropoda and Bivalvia), were not 
adversely affected by cypermethrin and permethrin. Among arthropods. nontar
get insects were affected more by both pyrethroids than were the crustaceans. 
Most crustaceans. such as Clarlocera, Ostracoda, Copepoda, Isopoda, and 
Decapoda (both caged and natural populations of crayfish, Procambarus 
clarkin, did not significantly decrease in number after habitat contamination by 
the two compounds. Amphipods were the only crustaceans that showed reduc· 
tion in number within 2 d posttreatment of cypermethrin; however, complete 
recovery of these populations occurred within a short time. The most sensitive 
organisms to permethrin treatments in case study #5 and to cypermethrin in 
case studies #2 and #3 were aquatic insects such as Ephemeroptera, Odonata, 
Hemiptera (gerrids and notonectids), and Coleoptera (whirligig beetles) (Table 
7). As expected from their acute toxicities to insects, permethrin was more toxic 
than cypermethrin. Permethrin caused 100% mortality of populations of the 
affected organisms with some recovery occurring within 6 mo; cypermethrin 
caused Jess reduction of insect populations. with complete recovery taking place 
within 6 mo or less following treatment. 

The foregoing discussion shows that in a variety of study sites, only the 
aquatic stages of nontarget insects were adversely affected by permethrin and 
cypermethrin. However, the population recovery of insects with aerial or terres· 
trial stages (mayfly, dragonfly, etc.) was not affected even by multiple applica
tions over short (e.g., 5·d) intervals. Moreover, the amount oflow level residues 
(see below) falling onto water surfaces and residue loss through adsorption and 
microbial action in aquatic habitats during posttreatment period, may further 
reduce the risks of pyrethroid toxicity to nontarget invertebrates. 

In the foregoing studies, residue levels of cypermethrin were determined in 
both water and mud samples of aquatic habitats. Mud samples showed no 
pyrethroid residue at detectable levels; water samples, however, revealed the 
presence of detectable residues. The initial surface water residue levels of cyper· 
methrin in the pond in study 1 (Crossland et at 1982), were 6 to 23 ~gIliter, 

which declined to < 5 ~gIliter in 24 h. Water samples from 20- to 30-cm depth, 
showing an initial residue of 0.07 ~gIliter, fen to < 0.02 ~gIliter in 24 h. The ini
tial surface residue titer in the flowing water of streams and drainage ditches 
was higher (0.14 to 1.01 mglliter) than in the pond water described above; these 
higher residues decreased to < 20 IlS/liter in 3 h. The maximum residue of 0.4
1.7 ~g/liter in subsurface water soon after application, fell to 0.1 ~gfliter or less 
in 4 h posttreatment. In study 4 (Hill 1985), the residues of cypermethrin in 
subsurface water were mostly below the detection limit of 0.02-0.05 ~gIliter. No 
data on the residue of permethrin in habitat water are available. 

The residue profile of cypermethtin in water immediately after application, 
coupled with a rapid decay (4-24 h), explains the limited effect of pyrethroids on 
populations of nontarget aquatic invertebrates in some case studies. Moreover, 
the application rates of both cypermethrin and permethrin used in case studies 
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were equivalent to actual field rates being practiced in agricultural insect con
trol programs. It is thus evident that contamination of aquatic habitats through 
spray drift from agricultural applications of both cypermethrin and permethrin 
posed no serious risks to most nontarget organisms, except some aquatic insects 
which recovered within the same season of treatment. The intensity of impact, 
if any, is deemed to be far less if one or two treatments are used per season. On 
the other hand, invertebrates in habitats subjected to more frequent treatments 
are likely to be affected more, and especially those species which show greater 
sensitivity to these insecticides. 

Forestry use of pyrethroids. The new photostable pyrethroids offer great 
potential as effective tools to protect vast expanses of forestlands from pest 
insects such as spruce budworm, Choristoneura fumiferana (Clemens), and 
many other species. Owing to their high toxicity to aquatic organisms in labora
tory studies, however, the employment of these insecticides in large scale forest 
pest management programs raises questions of greater economic and environ
mental concern. including the impact of these compounds on nontarget inverte
brates in streams, ponds and lakes in or adjacent to forestlands under 
pyrethroid treatment programs. Except for one 5-yr (1976-81 1 study on perme
thrin, there have been little or no data available on pyrethroids so far. In this 
case study, permetbrin applied in the field at 17.5 g(A.I.J/ha or higher against 
C. fumi{erana in Canadian forests, was evaluated for its impact on lake, pond 
and stream fauna in several trials (Kingsbury 1976, 1983, Kingsbury and 
McLeod 1979, Kingsbury and Kreutzweiser 1980a,b, 1987a,b, Kreutzweiser 
1982, Kreutzweiser and Kingsbury 1982) and later reviewed for possible effects 
on nontarget species (Hill 1985). In this study, an oil-based formulation of per
methrin was applied aerially at rates ranging from 8.8 to 140 g (A.I.)/ha. Appli
cations were made to aquatic habitats in forested lands in the same manner in 
which these habitats would receive pesticide residues during actual pest control 
operations. Application rates, test site description and site locations are given in 
Table 8. The study sites included lakes, ponds and streams. The effects on non
target fauna were ranked as no effect, partial absence immediately after treat
ment, or complete disappearance after treatment. Posttreatment recovery of 
populations within 6 and 12 mo posttreatment was also monitored. Nematoda, 
Platyhelminthes (Turbellarial, Rotifera, Annelida (Oligochaeta, Hirudinea), and 
Mollusca (Gastropoda and Bivalvia), were not affected by permethrin applica
tions in any study habitats. As expected, the most affected organisms were 
aquatic arthropods, especially crustaceans and insects. 

Of the crustacean fauna, Cladocera and Copepoda were absent in sites 1 and 
2 (lake) and site 11 (pond) after application of permethrin. Their populations 
recovered almost completely within 6 mo of the treatments. Ostracoda at site 
11, Amphipoda at 1, 3 (stream) and 11, and Isopoda at 1 and 11, sustained a 
similar impact, as did Cladocera and Copepoda. However, neither amphiporls 
nor isopods recovered within 12 rno after treatment. A small number of Decapo
da at site 3 were not affected by this pyrethroid. 

Among insects, Ephemeroptera and Trichoptera were affected most by per
methrin treatments in a majority (15) of the study sites. Complete recovery of 
populations was noticed within 6 mo posttreatment. Plecoptera (all sites except 



Table 8. Permcthrin application sites in Canadian forestry studies during 1976-1980.a "' " 
Application rate Application Footnote 

Year (g [A.I]lha) Study site area Location referencesb 

1976 140 1. Lake (10 ha X < 3 m) Lake and surroundings Quebec 1 
35 2. Lake (30 ha X < 14 m) Lake and surroundings Ontario 1 
70 3. Stream (sandy bed) 5 km of stream valley Ontario 1,8 

1977 70 4. Stream (rocky bed) 5-8 km of stream valley Quebec 4,8 
35 5. Stream (rocky bed) 5-8 km of stream valley Quebec 4,8 "... 

1978 17.5 6. Stream (mixed bed) 5-8 km of stream valley Quebec 4 :>
8.8 7. Stream (gravel bed) ':J3-5 km of stream vaUey Quebec 4 

~ 
2 times 17.5 8. Stream (gravel bed) 3-5 km of stream vaUey Quebec 3 t'l 
2 times 17.5 9. Stream (mixed bed) 3-5 km of stream valley Quebec 3 g" 
2 times 17.5 10. Stream (mixed bed) 3-5 km of stream valley Quebec 3 3 

2 times 17.5 11. Pond (0.25- to 1-m deep) 930 ha block Ontario 3,6 
2

<
1979 17.5 12. Stream (mixed bed) 930 ha block Ontario 5 2

17.5 13. Pond (1- to 2-m deep) 630 ha block Ontario 5 !" 
1980 17.5 14. Stream (gravel bed) 630 ha block Quebec 7 ?

Z 

17.5 15. Stream (rocky bed) 400 ha block Quebec 7 
2 times 17.5 16. Stream (rocky bed) 400 ha block Quebec 7 ;:::" 

"' 17.5 17. Stream (gravel bed) 600 ha block New Brunswick 2 "' tl 
2 times 17.5 18. Stream (rocky bed) 600 ha block New Brunswick 2 

a Modified from Hill (1985). 

b L Kingsbury (1976), 2. Kingsbury (1983), 3. Kingsbury and Kreutzweiser (1983), 4. Kingsbury and Kreutsweiser <l980a), 5. Kingsbury and Kreutzweiser 
(1980b), 6. Kingsbury and McLeod (1979), 7. Kreulzweiser (1982), and 8. Kreutzweiser and Kingsbury (1982). 
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1, 2, 11 and 12), Odonata (1, 4, and 13), Hemiptera (6, 8, 9, 10-stream), and 
Coleoptera (all sites except 1, 2, 4, 5, and 12) were only partially affected during 
the treatments and complete recovery of populations occurred within a few 
weeks to a few months (6) posttreatment. Moreover, like their insect relatives, 
Hydracarina (water mites) were also partially affected by perrnethrin applica
tions to all sites except 1, 2, 11, and 12. Kingsbury and Kreutzweiser (1987a,b) 
noticed that the recovery of populations of affected invertebrates in forest 
stream habitats was relatively slower after the second or multiple application(s) 
than after the first or single treatment of permethrin applied at the same rate. 
The direct toxicity of permethrin applications to aquatic invertebrates resulted 
in some secondary effects on other aquatic animals in the food chain, especially 
some carnivorous fish species depending on aquatic invertebrates for food. For 
example, caged native trout and salmon showed reductions in growth rate and 
the uncaged natural populations showed declining density in forest stream 
habitats due to depletion of their food supply, aquatic invertebrates, which were 
directly affected by permethrin application. Direct exposure of these fish to per
methrin treatments in the streams did not affect them. The reductions in 
growth rate and density of these fish were not permanent, and a recovery was 
noticed 4 rno after treatments. 

The foregoing discussion clearly indicates that some aquatic arthropods were 
affected by permethrin applied to lake, pond and stream habitats in the forest 
ecosystem. The recovery of these animals was noticeable within a few weeks to 
a few month (ca. 6 rna) after treatments. Of these arthropods, however, 
ephemeropterans and trichopterans were most sensitive to permethrin at as low 
as 8.8 g [A.l.]/ha, a rate similar to field application rates. Apart from direct mor
tality of aquatic arthropods, the downstream movement of permethrin up to 2 
km away from treated area was indicated by reductions in the abundance of 
downstream organisms. In some instances such as in sites 3 and 4, the density 
and diversity of stream benthic organisms were suppressed for up to 16 rna 
after permethrin application at 709 g (A.l.)/ha; in lake situations, benthic fauna 
recovered to normal preapplication levels within 12 rna of treatment with per
methrin (35 g [A.I.]/ha). 

In almost all studies in the three use sectors of public health, agriculture, 
and forestry, detrimental effects of pyrethroids on the populations of both non
target insects and crustaceans have been demonstrated. It is understandable 
that these two groups would be more sensitive to pyrethroid applications since 
they are closely related phylogenetically to target insects. The recovery of most 
populations was noticed within a short time after application. The effects of this 
short·term disruption or absence of some of these organisms, especially those 
critical to aquatic food chain, can regulate the density and growth pattern of 
dependent fish populations cohabiting the same ecosystem. 

SUMMARY 

The impacts of pyrethroids on nontarget aquatic invertebrates have been 
analyzed and discussed in this review. Various pyrethroids, both photolabile 
and photostable, along with toxicological data as to their rnammaHan and insect 
toxicity have been described. The mode of entry of these compounds into wet
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land habitats has been examined, and direct and indirect sources of habitat con~ 

tamination by pyrethroids have been discussed. Direct sources include purpose
ful applications of pyrethroids in vector control as well as agricultural and silvi
cultural pest control programs. Indirect avenues through which water bodies 
could be contaminated with pyrethroid residues include spray drift, funoff 
and/or erosion processes. 

A major portion of this review is devoted to the impact of pyrethroids on non
target aquatic species. Based on laboratory data on acute toxicity ofpyrethroids 
against nontargets, the relatively newer photostable and more effective 
pyrethroids have been ranked, in order of decreasing toxicity, as: permethrin = 
fen valerate < cypermethrin < deltamethrin. In general, pyrethroids were more 
toxic to nontarget aquatic insects and crustaceans than to other phylogenetical
ly distant invertebrates. In field studies, depending on their use pattern, the 
effects of pyrethroids on nontarget aquatic fauna have been discussed under 
three categories, Le., public health, agriculture, and forestry. In almost all field 
studies, nontarget aquatic insects such as Ephemeroptera, Odonata, Plecoptera, 
Hemiptera, Coleoptera and Trichoptera, and crustacean groups such as Clado
cera, Ostracoda, Copepoda, Amphipoda, Isopoda and Decapoda, were more 
severely affected by photostable pyrethroids than other invertebrate groups. 
However, populations of affected organisms generally recovered to pretreatment 
levels within weeks to months after application. The impact of these transient 
effects of pyrethroids on nontarget species will have a short-term bearing on the 
densities of dependent carnivorous fish species in aquatic ecosystems. 
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ABSTRACT EcloparasiLic larval mites, 7'rombidium hyperi Vercammen
Grandjean, Van Driesche, and Gyrisco, and Trombidium newelli Welbourn 
and Flessel, parasitized bean leaf beetles (BLB's), Cerotoma trifurcata 
(Forster), in Iowa, from 1986 through 1988. These data represent new host, 
state, and western range extension records for each mite species. 
Trombidium hyperi and T. newelli primarily parasitized adult female BLB's 
in soybean and pinto bean, but not in alfalfa, from mid-June to early August 
each year. Parasitism rates were highest for overwintering BLB's active in 
the spring; however, parasitism did not begin until mid-June when adult 
numbers generally began to decline as oviposition concluded. F1 individuals 
were parasitized, but F2 individuals were not parasitized during the 
summer. Typically, more than one mite parasitized a host. Trombidium 
hyperi and T. llewelli often were attached to the same host. Trombidium 
newelli was the predominant species collected. 

KEY WORDS Ecioparasite, 'l'rombidiw1t hyperi, Trombidium newelli, bean 
leaf beetle, Ceraloma tri{urcata, Coleoptera, Chrysomclidae, Acari, 
Trombidiidac. 

Trombidiidae is the second largest family in the acarine cohort Parasitengona. 
Trombidiid larvae typically are parasitic on arthropods, but nymphs and adults 
are predaceous on arthropods (Welbourn 1983). Although the family 
Trombidiidae contains over 573 described species, the parasite-host relationships 
of most species remain obscure or unknown (Welbourn 1983). Seven beetle 
species in three families (Curculionidae, Coccinellidae, and Chrysomelidae) have 
been reported as being parasitized by larval mites in the genus Trombidium. 
Four chrysomelid species, Leptinotarsa decemUneata (Say), Adoxus obscu.rus (L.), 
Diabrotica uittata F., and Longitarsus paruulus Paykull, have been reported as 
hosts for Trombidium species (Welbourn 1983). However, these host records 
provide only limited biological information on hosts and parasitic mites, 
attesting to the need for additional research on host-parasite relationships. A 
more complete understanding of these relationships may provide opportunities 
for use of these larval mites in biological control programs. 
,
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From 1986 through 1988, during ovarian dissections designed to characterize 
the seasonal phenology of the adult bean leaf beetle (BLB) in Iowa, subelytral 
ectoparasitic larval mites in the genus Trombidiwn were observed. The objec
tives of this 3-yr study were to identify those mite species parasitic on BLB, and 
to characterize several host·parasite relationships. 

Materials and Methods 

BLB adults were sampled in soybean, Glycine max (L.) Merrill, in Iowa near 
Manning (1986, Can'ol Co., three fields), Ames (1987 and 1988, Story Co., two 
fields), and Boone (1988, Story Co., one field) (Smelser 1990). In all fields, BLB 
adults were sampled from soybean emergence to growth stage V4 (Fehr et al. 
1971) by direct observation on the plants, and on the ground along the row. Sam
pling units were 50 m, 100 m, and 150 m lengths of row in 1986, 1987, and 1988, 
respectively. In 1986, ground cloth sampling was used from growth stage V5 to 
reproductive stage R3. Fields were sampled with a 38~cm sweep net beginning 
with repl'oduetive stage R3 in 1986 and with growth stage V4 in 1987 and 1988 
and ending at harvest. Sampling was suspended after 21 July 1988 in the field 
near Boone because a miticide application had a deleterious effect on the BLB 
population. Samples were colleeted every 30 4 d from 1100 h to 1300 h in 1986 
and from 1400 h to 1600 h in 1987 and 1988. 

In 1986, one field of pinto bean, Phaseolus vulgaris L., near Ames was sam
pled. Pinto bean plants were used to attract BLB's and were sampled every 3~4 d 
from early June to September with a 38~em sweep net with eight 20~sweep units 
constituting a sample. 

BLB adults also were sampled in alfalfa, Medicago sativa L., from 1986 
through 1988 in fields near Ames. All fields were sampled with a 38-em sweep net 
with eight 20~, 40~, and 50~sweep units constituting a sample in 1986, 1987, and 
1988, respectively. Samples were collected approximately from growth stage 0 
(early vegetative) (Kalu and Fick 1981) during the first-cutting growth cycle until 
beetle counts remained at zero in the fall. The sampling interval of 3~4 d was 
lengthened after harvesting cuttings and during pel"iods of zero beetle counts. 

Collected beetles were placed in vials, frozen for storage, and subsequently 
counted and sexed. Males were not dissected, but were examined for parasitism. 
Females were dissected, and examination for parasitism occurred after removal 
or lifting of the elytra, and before dissection of t.he ovaries and fat bodies. Loca· 
hon of collection, date of collection, generation category (overwintering, F I , or 
F2), maturity (teneral or mature), ovarian status (preovipositional, early oviposi~ 

tional, late ovipositional, and postovipositional), number of mites per parasitized 
BLB, site of attachment of mite on BLB abdominal tergite, and number of 
engorged mites per parasitized host were recorded for each parasitized female. 

Differences between numbers of parasitized male and female BLB's were ana
lyzed foJ' significance using chi-square analysis (Gomez and Gomez 1984). Data 
for site of mite attachment to abdominal tergite was analyzed using analysis of 
variance, with mean separations by protected LSD (SAS Institute 1985). 
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Results and Discussion 

1\\10 species of mites were collected: Trombidium hyperi Vercammen-Grand
jean, Van Driesche. and Gyrisco and Trombidium newelli Welbourn and Flessel. 
TrombidiwH hyped was first described from alfalfa weevils collected in New York 
(Vercammen-Grandjean et a1. 1977). It was subsequently collected from alfalfa 
weevils in Ohio (Welbourn 1983). Therefore, the identification ofT. hyperi on BLB 
in Iowa represents a new host, state, and western range extension record for the 
species. Trombidiwn newelli was previously described from alfalfa weevil in Ohio, 
and its recovery from BLB in Iowa represents a new host, state, and western 
"ange extension record for the species (WelboUl'o and Flessel in press). 

Species discrimination was possible only in 1988 because it was uncertain 
whether two species were collected in both 1986 and 1987, and because 7'. 
newelli was being described as a new species by W. C. W. as this study conclud
ed. Therefore, detailed host-parasite information for each species is provided 
only for 1988. However, because both species were identified from some hosts 
collected in 1986 and 1987, and because T. newelli individuals collected were 
never engorged (described below), it was possible to partially characterize host
parasite relationships oreach mite species during 1986 and 1987. 

Larval mites of both species were located beneath the elytra on the dorsum of 
the host. The mites were attached (by mouthparts) to the nonsclerotized por
tions of the abdominal tergites (Fig. 1). Significant differences (P < 0.05) existed 
among the location of abdominal tergite attachment; most mites (both species) 
were attached to the first abdominal tergite, followed by the second and third 
tergites (Table 1). It is uncertain why the mites wel'e predominantly attached to 
the first abdominal tergite. This spatial arrangement on the host also was noted 
with T. hyperi and T. auroraense Vercammen-Grandjean, Van Driesche, and 
Gyrisco on alfalfa weevil (Vercammen-Grandjean et a!. 1977). Dislodgement 
from the host may be more difficult when the mite is attached to the first three 
or four abdominal segments. 

BLB's infested with T. hyperi and T. newelli larvae were observed in all soy
bean fields over all yem·s. In 1986, mite-infested BLB's also were found in pinto 
bean. However, no mite-infested BLB's were found in alfalfa in 1986, 1987, or 
1988. 

Parasitism rates for both sexes combined were less than 5% in 1986, and less 
than 1% in 1987 and 1988 (Table 2). Parasitism rates (or female BLB's were 
greater than rates for males. In all years, the ratios of parasitized females to 
males were significantly different (P < 0.001) (Table 2). The explanation for this 
difference is uncertain; the mites may not have the opportunity to parasitize 
male BLB's because the males primarily are associated with the host plant 
canopy once they emerge from the soil. Female BLB's however, probably have 
more contact with the soil because of oviposition (Kogan et a1. 1980) and, conse
quently, may contact the mites more frequently. Indeed, although females in all 
ovarian classes were parasitized, ovipositional and postovipositional females 
comprised 92.6, 95.8, and 77.3% of all females parasitized in 1986, 1987, and 
1988, respectively. 
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Fig. 1.	 Female bean leaf beetle parasitized by four engorged Trolnbidium 
hyperi. 

Although temporal distinctions between BLB generations in Iowa are not 
always precise (sometimes considerable overlapping exists between F I and F2 

generations), evidence indicates that the most prevalent parasitism each year 
occurred among overwintering BLB's after spring emergence. However, in all 
years parasitized hosts were not found until mid-June, as adult counts began to 
decline and oviposition concluded. Parasitism rates for F1 BLB's were consis· 
tently less than parasitism rates of overwintering BLB's for 1986, 1987, and 
1988 (Table 2). Therefore, T. hyperi and T. newelli parasitized overwintering 
BLB's that became active in the spring, and F 1 individuals from approximately 
early July to mid-August (Fig. 2). F2 BLB adults (mid-August to ovenvintering 
adults before spring emergence) were not parasitized in 1986, 1987, or 1988 
(Table 2). Therefore, it seems likely that mite parasitism of F. BLB adults does 
not occur in Iowa. 

No mites were found on BLB's sampled in alfalfa from late April to late May 
and from August to October. Mites were found on BLB's only alter beetles dis
persed from alfalfa to soybean in the spring (early June). Trontbidium hyperi 
parasitizes alfalfa weevil adults in New York (Vercammen-Grandjean et a1. 
1977) and Ohio (Wei bourn 1983) during the spring, and, if the species para
sitizes alfalfa weevils in Iowa during the spring, it also would have the opportu
nity to parasitize BLB's. Dispersion differences between adult BLB's and alfalfa 
weevils in the alfalfa canopy and on the ground may explain these observations. 
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Table 1. Percent and number (in parentheses) of mites attached to 
bean leaf beetles by abdominal tergite from pinto bean and 
so~bean, combined, 1986·1988." 

Year 

Abdominal Tergite 1986 1987 1988 

first 55.14 (59) a 58.93 (33) a 39.47 (150) a 
second 24.30 (26) b 14.29 ( 8) b 22.63 ( 86) a 
third 17.76 (19) b 21.43 (12) b 20.26 ( 77) b 
fourth 0.93 ( 1) c 1.79 ( 1) c 14.47 ( 55) b 
fifth 0.93 ( 1) c 0 1.84 ( 7) c 
sixth 0 0 0.26 ( 1) c 

a Means followed by t.he same let.ter within rows do not. differ significantly <P ~ 0.05) as determined by 
protc<:ted LSD. 

Parasitism of adult F I BLB's at the time of emergence was uncommon. Only 
three teneral BLB's (one in 1986, two in 1988) were parasitized. Parasitism of 
F 1 individuals, therefore, most commonly occurred after the BLB teneral stage. 
This may help reveal why there was a significant parasitism difference between 
males and females. If teneral adults were parasitized as they emerged from the 
soil, parasitism rates between males and females would not be different. How
ever, because parasitism primarily occurred among post-teneral adults, differ
ences in intracanopy and soil-surface dispersal patterns between males and 
females may be responsible for the differential parasitism rates. 

The average numbers of mites (both species combined) per parasitized host 
were: 1.88 (± 0.19 SE), 2.24 (± 0.4-3 SE), and 2.88 (± 0.38 SE) for 1986, 1987, and 
1988, respectively (Table 2). In 1988, mites on most parasitized BLB's were 
identified to species. Trombidiul1l newelli was the predominant species (285 
individuals recovered; 48 T. hyperi recovered). The average number of T. hyperi 
on BLB's infested with T. hyperi was 1.27 (± 0.13 SE), and the average number 
of T. newelli on BLB's infested with T. ncwelli was 2.63 (± 0.35 SE). The 
number of mites pel' host in 1988 ranged from 1-36 for T. neweW, and 1-4 for 
T. hyperi. Also, both species often were recovered from single hosts. 

The average number of T. hyperi and T. newelli per host over time (Fig, 3) 
resembled the parasitism rates of BLB's over time (Fig. 2). Weeks of peak 
parasitism rates somewhat corresponded with the weeks of the highest num
ber of mites per host. Data indicate that both mite species parasitize BLB's 
during the same period, approximately mid-June to early August (Fig. 2). 

Partially and fully engorged mites were present over all years in all soy
bean fields and in the pinto bean field in 1986. In 1988, when all mites were 
identified to species, no T. newelli collected were engorged, whereas 50% of 
T. hyperi collected were engorged (Table 2). It seems likely that all engorged 
mites collected from 1986 and 1987 were T. hyperi, Engorged mites were 
found on male and female BLB's, overwintering and F I individuals, and 
females in each ovarian class. The absence of partially or fully engorged 
individuals indicates that T. newelli may not remove hemolymph from 
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Table 2. Bean leaf beetle and Trombidium spp. relationships Crom all 
crops, combined, 1986·1988. 

Year' 

Category 1986 1987 1988 

Total BLB's examined 1169 2903 16688 
Total females 842 1623 9463 
Total males 327 1280 7225 
% BLB's parasitized 4.88 (57) 0.86 (25) 0.79 (132) 
% females parasitized 6.41 (54) 1.54 (25) 1.16 (110) 

% males parasitized 0.92 (3) o ( 0) 0.30 (22) 
% parasitized female hosts 94.74* (54) 100.00* (25) 83.33* (110) 
% parasilized male hosts 5.26 (3) o ( 0) 16.67 (22) 
% parasitized overwintered BLB's 7.44 (42) 10.08 (13) 4.44 (82) 

% parasitized F I SLB's 2.47 (15) 0.67 (12) 1.08 (50) 

% parasitized F2 BLB's o ( 0) o ( 0) o (0) 

% engorged mites 18.69 (20) 7.14 ( 4) 6.32 (24) 

% engorged 1'. h)'peri 50.00 (12) 
%engorged 1'. llewelli o (0) 

Xmiteslhost ± BE 1.88 ± 0.19 2.24 ± 0.43 2.88 ± 0.38 
.i. T. hyperinlost ± SE 1.27 ± 0.13 
x T. newellilhost ± SE 2.63 ± 0.35 

a Significant <P s 0.001) between sexes within years using chi.squarc analysis. 

BLB's, even though they are attached by their mouthparts, Moreover, 
because of the absence of engorged individuals BLB may not be the primary 
host for T. newelli. 

Because most parasitism occurs on females at the time of oviposition of 
F I eggs, it may be possible to consider T. hyped andlor T. newelli for 
exploitation as biological control agents. Inasmuch as this study has charac
terized several BLB-mite relationships, additional research is needed to 
characterize host specificity of T. hyperi and T. newelli, BLB mortality, 
longevity, and fecundity when parasitized, and BLB behavioral aberrations 
when parasitized (e.g., flight, dispersal, leaf consumption, and mating). In 
addition, future research should be directed toward characterizing the bio
nomics of the post-larval instal'S of T. hyperi and T. newelli, which currently 
is not understood in Iowa. 
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Iowa. In 1986, insects were collected from pinto bean; in 1987 and 1988 
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ABSTRACT Caged populations of alfalfa leafcutting bees, Megachile 
rotundala (F.), were exposed to alfalfa plants treated with spray or wheat·bran 
Connulations of carbaryl or chlOl'pyrifos. Carbaryl bran bait had no significant 
impact on male or female bees. Bee mortality from chlorpyrilos was greater 
than from carbaryl, and occurred sooner. Mortality from spray formulations of 
insecticide was greater than mortality from insecticide-treated bran baits. 
Male bees were more susceptible to these toxicants than were female bees. The 
results indicate that a grasshopper control probrram using carbaryl bran bait 
would have no Si!:,'11ificant impact on leafcutting bee populations. 

KEY WORDS Megachile rolllfldala (F.), bran bait, nontarget, carbaryl, 
chlorpyrifos, pollinator, Acrididac, Hymenoplcra, Megachilidae. 

The lack of suitable native pollinators in western Canada necessitates a heavy 
reliance on the introduced alfalfa leafcutting bee, Megachile rotundata (F,), to 
pollinate alfalfa seed crops (Richards 1984). The use of contaminated leafcuttings 
to construct nests makes this insect particularly susceptible to the toxic effects of 
insecticide sprays (N.R.C.C. 1981). 

Recommendations to reduce the effects of insecticides on bees include delaying 
bee emergence until after insecticide application (and until after residues 
dissipate to a safe level), moving the bees or covering their shelter during 
application, or spraying the insecticide when the bees are inactive (Anderson and 
Atkins 1968, Johansen 1982). In spite of these precautions, however, the heavy 
reliance of the alfalfa seed industry on insecticides3 for pest control makes the 
periodic exposure of bees to insecticide unavoidable. Thus, an insecticide or 
formulation that provides acceptable levels of pest control, yet is safe for 
pollinators, is required. 

Bran bait fOl'mulations of insecticide have been proposed to control target 
acridid populations, while being relatively harmless to nontarget fauna. 
Carbaryl (Foster et al. 1979, Onsager et al. 1980a,b, Johnson and Henry 1987, 
Johnson et a!. 1987a), Quinn et al. 1989), chlorpyrifos (Johnson 1986, Johnson 
et al. 1987a), and dimethoate (Mukerji et al. 1981, Johnson and Henry 1987) 
bran baits all have been shown to provide significant levels of grasshopper 

Received for publication 18 March 1991; accepted 14 October 1991. L. R. S. Contribution No. 
3879057. 

~ Environment Canada. Edmonton, Albertn T6B 2X3, Canada. 
In 1986, an cstimatt:ld 69,100 L of Sevin XLR (carbaryl), 60,000 L of Lorsban (chlorpyrifos), 42,000 L of 
Cygan (dimethoatel, and 15,000 L of Hopper Stopper (dimcthoate bran bail) were sprayed in Alberta for 
acridid control on alfalfa sced and other crops (D. Johnson and M. Dolinski, Alberta Agricullurc, 
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control. The lower concentrations of active ingredient and reduced degree of drift 
makes baits safer than sprays fOI" pollinators. The impact of bran bait on polbna
tors should be further reduced because pollinators would be expected to contact a 
properly formulated bait less frequently than would targeted acridids. In spite of 
this, few bran bait-pollinator studies have been performed. Using various combi
nations of dimethoate and carbofuran-treated vermiculite and styrofoam baits, 
Chametski and Hobbs (1974) found no apparent effect on leafcutting bees. Muk
erji et al. (1981) noted that leafcutting bees were unaffected by a field application 
of a variety of bran baits, even though the bees were foraging at the time of appli
cation. As these studies were anecdotal only, a more rigorous testing procedure 
was designed to examine the effect of unregistered formulations of bran bait (car
baryl and chlorpyrifos) on leafcutting bees. The objective of this study was to 
determine the relative toxicity of the insecticides carbaryl and chlorpyrifos in bait 
and spray formulations to male and female leafcutting bees, when applied at 
dosage rates recommended for grasshopper control. 

Materials and Methods 

Alfalfa leafcutting bee prepupae were acquired from the Agriculture Canada 
Research Station, Lethbridge. Alberta, and reared according to the methods of 
Richards (l984). Prepupae were stored over the winter at 5°C, and then incu
bated at 30'C and 70% R.H. in compartmentalized incubation trays. Newly 
emerged male and female bees were added randomly to ten 1.3-m3 fiberglass cages 
and housed within greenhouse facilities maintained at 25 ± 4'C and 50 ± 10% R.H. 
The greenhouse was supplemented with fluorescent (high output, 105 W) and 
incandescent (300 W) lighting to allow the bees to continue activity in the absence 
of sunlight. Artificial lighting was used a total of 57 h, 40% of the duration of the 
experiment. Each cage contained three 2-liter pots of l10wering alfalfa (Medicago 
saliva L. cv. Beaver) with seven plants per pot. Six 28-ml vials with cotton wicks, 
containing a 50:50 mixture of liquid honey and distilled water, were placed on the 
lop of each cage as a food supplement for the bees. No nest tubes or additional 
sources of water were provided. 

Initially, 40 male and 40 female newly emerged adult bees were added to each 
of 10 cages. The populations were allowed to stabilize for 3 d, during which time 
any bees that died were removed and replaced with live bees. Cages were arranged 
in a randomized complete block design, with two complete replications of the 
experiment. Each experimental block contained five treatments: a control (no bait 
or spray), 0.33 g of 5% carbaryl bait, 0.33 g of 3% chlorpyrifos bait, 4 ml of carbaryl 
spray (A.I. =0.22 g), and 4 ml of chlorpyrifos spray (A.1. =0.06 g). Alfalfa plants 
were sprayed with a hand-held aspirator at a pressure of70 kPa. 

A 5% (A. I. by weight) carbm·yl bait was formulated as described by Johnson and 
Henry (1987), and a 3% (A. I. by weight) chlorpyrifos bait was formulated as 
described by Johnson (1986). The baits were manually sprinkled on the alfalfa 
foliage in a single dose. The bran bait rates were equivalent to 2.5 kg,1m, rates that 
provide effective acridid control (Johnson 1986, Johnson et a!. 1987a,b). Spray 
rates corresponded to the recommended rate for adult grasshoppers on barley or 
wheat crops of877 mllha for chlorpyrifos (Lorsban 4E, Dow Chemical Canada Inc., 
Sarnia, Ontario; Jones 1991), and 3459 mUha for carbaryl (Sevin XLR. May and 
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Baker Canada Inc., Mississauga, Ontario; Jones 1991). The bees remained in the 
cages until death or 13 d after insecticide application. 

Statistical Analyses. Survival rates for the two different trials were trans
formed using an arcsin procedure (Southwood 1978), and analyzed using the Gen
eral Linear Model (GLM) ANOVA procedure of SAS (SAS Institute 1985). Data 
from the two replicates for each trial were pooled as there were no significant repli· 
cate by trial or tl'eatment by trial interactions. The analysis was run as a weighted 
measures analysis to correct for the unequal numbers of male and female bees and 
variable levels of attrition. Orthogonal contrasts were performed for males, 
females, and gender differences on a daily basis to determine differential insecti
cide, formulation (bran bait versus spray), and insecticide by formulation relation
ships. A least-squares means analysis was conducted to determine significant rela
tionships among treahnents. 

Results 

Chlorpyrifos, in bait and spray fonnulation, had a greater impact on leafcutting 
bee survival than did carbaryl. Male bee mortality from chlorpyrifos (bait or spray) 
was significantly higher than from carbaryl (bait or spray). This trend was signifi
cant for Days 1-13 <Day 1: F = 52.50, df = I, P < 0.001). Female bee survival was 
higher in the carbaryl bait treatments than in the chlorpyrifos spray treatments. 
This trend was significant for Days 3-5 (Day 3: F = 4.42, df = I, P < 0.05). Carbaryl 
hait had no significant effect on male or female bee survival during the entire 
experiment. 

Male bees incurred significantly greater mortality than did female bees in the 
chlorpyrifos spray treatment from Days 1-13 (Day 1: F = 27.59, df = I, P < 0.001) and 
in the chlorpyrifos bait treatment fi·om Days 2-3 (Day 2: F = 20.51, df = I, P < 0.001; 
Table I, Days 1-4 presented, Fig. 1). 

Male bee mortality in the chlorpyrifos bait treatment was significantly 
greater than in the chlorpyrifos bait treatment from Days 1-3 (Day 1: F = 18.69, 
df = I, P < 0.001; Table I, Fig. 1). In contrast to chlorpyrifos, carbaryl spray did 
not reduce male survival significantly more than did carbaryl bait for days 1-9, 
but did for days 10-13 (Day 10: F = 40.03, df = I, P < 0.001; Table 2, Fig. 1). 

Table 1. Percent survival of male Megachile rotundata exposed to 
chlorpyrifos bait versus chlorpyrifos spray (Days 1-4). 

Day",b 

Treatment 1 2 3 4 

Bait 
Spray 
Control 

80.8 
22.7*** 

100.00 

55.0 
12.8** 
96.1 

36.0 
11.4' 
92.1 

30.6 
10.1 NS 
92.1 

a H.p < 0.001, .. P < 0.01, .. P < 0.05. NS .. no significant. effect. 
b No significant. effects .....ere observed an.cr day 4. 
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Fig. 1. Percent survlval of male and female Megachile rotundata after exposure 
to chlorpyrifos and carbaryl bran baits or sprays. 

Discussion 

Bee mortality was greater and earlier in the chlorpyrifos treatments than in 
the carbaryl treatments. While most of the mortality in the chlorpyrifos treat
ments (bait and spray) occurred within the first 3 d of exposure, mortality from 
carbaryl spray occurred very gradually until 10 d after the initial exposure, and 
then increased. These patterns are typical of bee poisoning found after applica
tion of these two insecticides. Chlorpyrifos has been classified as a hazard to 
bees in the field 2-3.5 d after application (N.R.C.C. 1981). Carbaryl does not 
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Table 2.	 Percent survival of male Megachile rotundata exposed to car
baryl bait versus carbaryl spray (Days 9-13). 

Day"·b 

Treatment 9 10 11 12 13 

Bait 
Spray 
Control 

74.1 
48.7 NS 
90.2 

73.6 
31.4** 
90.2 

73.6 
31.3** 
90.2 

72.7 
27.4** 
89.5 

72.6 
24.6** 
89.5 

a .... p < 0.01, NS '" no significant effect. 
b No significant effects were observed prior to day 9. 

degrade as quickly as chlorpyrifos. and is classified as hazardous to bees in the 
field 3-7 d after application (N.R.C.C. 1981). A greater proportion of the bees 
was able to withstand the effects of the less toxic carbaryl over the short term. 
However, as carbaryl does not break down as rapidly as chlorpyrifos, carbaryl
treated bees were effectively exposed to toxic residues for a longer period. 

Bee mortality was lower in the bran bait treatments than in the spray treat
ments, regardless of which insecticide was used. We conclude that although the 
bees were initially exposed to the bran bait toxicants, they did not receive a 
long-term exposure. Bran bait coverage of the foliage was intermittent and 
short-lived because any bait that was intercepted by the alfalfa soon fen to the 
cage bottom, resulting in lower effective exposure to the bees. The chlorpyrifos 
bait was toxic enough to cause high mortality within the first 3-4 d of exposure, 
whereas the bees were able to tolerate the lower toxicity of the carbaryl bait for 
the short time they were exposed to it. 

The spray treatments provided a more thorough and longer lasting coverage 
of the alfalfa foliage, with a higher concentration of active ingredient. Leafcut
ting activity was evident, and thus, contact of the bees with this foliage proba
bly gave them a higher dennal and oral exposure to the insecticides. Contami
nated nectar and pollen may also have contributed to insecticide exposure and 
increased mortality. 

In the chlorpyrifos treatment, male bees experienced significantly higher 
mortality rates than did females. This may result in part from the lesser effi
ciency with which male leafcutting bees deactivate insecticides (Guirguis and 
Brindley 1975). The greater susceptibility of male leafcutting bees to insecti
cides also may be related to their smaller body mass (Klostermeyer et a1. 1973, 
Rothschild 1979) and consequent greater surface to volume ratio. 

Bee mortality in the field from carbaryl bait might be expected to be lower 
than that observed in these cage trials. The toxicity of the bait could be reduced 
within a short period of time as a result of weather conditions. In addition, as 
leafcutting bees generally do not forage within a crop canopy (N.R.C.C. 1981), 
bait dislodged by wind from the canopy would be lost to potential contact with 
the bees. Although the present findings were obtained in the laboratory, they sug
gest that an acridid-control program utilizing bran bait fonnulation of carbaryl 
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may have no significant impact on resident populations of leafcutting bees. A sim
ilar program using chlorpyrifos bran bait or spray, however, could be expected to 
seriously affect leafcutting bee populations. 
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ABSTRACT The effectiveness of freshly cracked grains (corn, wheat, and 
sorghum), rolled oats, and kibbled carobs in retaining adults oflhe flat grain 
beetle. Cryptolestes pusillus (Schon herr), red nour beetle, Tribolium 
castaneum. (Herbst), and rice weevil, Sitophilus oryzae (L.), was evaluated in 
the laboratory. Cracked grains were also compared with a food·haiL mixture 
(cracked corn and wheat, roBed oats, and kibbled carobs; 1:1:1:0.2 parts by 
weighO. currently used for detecting stored-product beetles on farms and in 
country elevators in Kansas. Choice lests were performed in 41.5-cm diam 
wooden arenas using 5 g of one or more food materials in LoLaI darkness at 
27°C and 45% RH. Each insect species was tested separately, and 80 adults 
of each species were exposed to the foods for 24 h. The number of adults 
retained in the foods was recorded. In two separate tests, the numbers of 
C. pusillus "ctained in cracked grains and rolled oats, and in cracked 
grains and food·bait mixture were not significantly different. Similar results 
wcrc observcd with T. castaneum. However, significantly more S. oryzae 
adults were retained in cracked com and wheat than in cracked sorghum. 
Also, the numbers of S. oryzae retained in cracked corn, crncked wheat, and 
food-bait mixture were not significantly diflcrent. Kibbled carobs retained 
significantly fewer adults of all three species compared with cracked grains. 
The numbers of C. pusillus or T. caslaneum retained were not significantly 
different in food-bait mixture with and without the carobs. However, 
significantly more (lA-fold) S. oryzae adults were retained in food-bait 
mixture with carobs than without carobs. These findings suggest that any of 
the cracked grains or rolled oats could be used as bait for detecting adults of 
C. pusillus or T. caslal1ew1l, whereas cracked com or cracked wheat could be 
used for detecting S. oryzae ndults. The cracked grains can be potentially 
substituted for the cUlTently used food-bait mixture. The pCI'formance of 
these cracked grains in detecting adults of the three insect species in the 
field remains to be tested. 
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Residual populations of stored-product insect species, especially adults of 
beetles, seek refuge in cracks and crevices of grain stores and warehouses. 
Because of their harborage-seeking behavior, the activity of these insects is dif
ficult to detect visually unless populations reach high levels. However, detection 
of residual populations is possible with the use of traps baited with food attrac
tants or pheromones. Early detection of insects with food attractants, 
pheromones, or combinations of food attractants and pheromones may be impor
tant in quarantine 01' management programs (Barak 1989). 

Food attractants have been successfully used for detecting adults and larvae 
of several stored-product insects (Strong 1970, Nara et a1. 1981, Barak and 
Burkholder 1984, Barak 1989). The food attractants, especially those that are 
liquids at room temperatures (e.g., wheat germ aiD, have been used in corrugat
ed paper traps for capturing adults and larvae of several insect species (see 
Barak and Burkholder 1984, Barak 1989). The oil in a pitfall-type device in 
food-baited traps not only attracts insects but also kills trapped insects by suffo
cation. 

Barrer (1983) experimentally showed that the odor emanating from bulk
stored whole wheat grains was responsible for attracting a variety of stored
product insects. The olfactory responses of adults of stored-product insects to 
solvent extracts of cereal grains, rolled oats (Ohsawa et al. 1970, Pierce et al. 
1981) and kibbled carobs (O'Donnell et al. 1983), and larvae of the khapra bee
tle, Trogoderma granarium Everts to oat, corn, and wheat germ solvent extracts 
(Barak 1989), suggest that volatiles in the foods are responsible for attracting 
insects. The attractiveness of cracked grains and kibbled carobs to insects is 
attributed to these volatiles released upon cracking or crushing. Walgenbach et 
al. (1987) and Trematerra and Girgenti (1989) have shown that two to three 
times more adults of Sitophilus spp. were attracted to cracked grains than to 
whole grains. 

Several researchers (McFarlane and Warui 1973, Pin niger 1975, Pinniger 
et al. 1984, Hodges et a!. 1985) have used whole or crushed cereal grains, 
legumes, and kibbled carobs as bait for detecting various stored-product insect 
species. Pinniger (1975) used 80 g of equal parts of wheat, broken peanuts, and 
crushed carobs in a plastic-mesh envelope, and detected about 40 insect species 
in grain stores (Pin niger et a1 1984). Using whole and cracked corn and coffee 
beans, McFarlane and Warni (1973) detected 10 species of beeties in cargo ships 
and dock-side transit sheds. Hodges et al. (1985) used milled brown rice in a 
plastic-mesh envelope for detecting and assessing populations of nine insect 
species infesting a rice store. V. F. \\Tright (unpublished data) used a mixture of 
foods (cracked corn and wheat, rolled oats, and kibbled carobs; 1:1:1:0.2 parts by 
wt; total wt = 177 g), as bait in a wire-mesh envelope. This food-bait mixture 
was useful in detecting and monitoring several species of economically impor
tant stored product Coleoptera on farms and in country elevators in Kansas. 
However, unlike liquid food attractants in corrugated paper traps, dry food 
baits used in envelopes do not trap insects. Hence, the effectiveness of these dry 
food baits in detecting insects depends not only in attracting insects to the food 
source, but also in aggregating and retaining insects once they contact the food. 

[0 the present investigation, freshly cracked corn, wheat and sorghum, rolled 
oats, and kibbled carobs were evaluated in the laboratory via choice tests for 
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their ability to retain adults of the nat grain beetle, Cryptolestes pusillus 
(Schonherr); red nour beetle, Tribolium castaneum (Herbst); and rice weevil, 
Sitophilus oryzae (L.J. In addition, the cracked grains were compared with the 
food-bait mixture used by V. F. Wright (unpublished datal. Adults of these three 
species are commonly encountered in grain, and in and around grain storage 
facilities in Kansas (Reed et al. 1989). The laboratory tests reported here were 
designed to identify food materials, other than the food-bait mixture, that could 
be used as baits for detecting adults of the tlwee species in grain stores, ware
houses, on farms and in countr'y elevators in Kansas. 

Materials and Methods 

Insects. Sitophilus oryzae was cultured 011 whole wheat kernels, C. pusillus 
on rolled oats plus 5% brewer's yeast (w/w), and T. castaneum on whole wheat 
Oour plus 5% brewer's yeast diet. All species were reared in a room maintained 
at 27 ± 1°C and 65 ± 5% RH with 14:10 light:dark cycle. 

Foods. Kernels of whole corn, wheat, and sorghum of 14.5% moisture con
tent (m.c.) were cracked in a Stein laboratory mill (Fred Stein Laboratories, 
Inc., Atchison, Kansas). Rolled oats (13.3% m.c.) were used without crushing. 
Kibbled carob pods (Frontier Herbs} Norway, Iowa; 22.4% m.c.) were cut into 
small pieces with scissors. Cracked corn and carob pieces that passed through a 
6.7-mm sieve but were retained on a 2.0-mm sieve, and cracked wheat and 
sorghum that passed through a 6.7-mm sieve but were retained on a l.6-mm 
sieve, were used in the tests. Corn, wheat, and sorghum were freshly cracked, 
and carobs were freshly cut before use. Whole grains, rolled oats, and kibbled 
carobs were stored in a cold chamber (7.8°C) in sealed containers until they 
were needed. 

Test arenas. Free-choice tests, using cracked grains, rolled oats, and carobs, 
were performed in circular wooden arenas (41.5-cm internal diam and 5-cm 
high). The bottom of each arena was lined with brown wrapping paper, and the 
edges of the paper were tightly sealed to the inner sides of the arena with mask
ing tape. The paper and tape were replaced after each test. The inner sides of 
the arenas (above the masking tape) were coated with polytetrafluoroethylene 
(Teflon) to prevent insects from crawling out. 

General procedure for choice tests and data analysis. Five grams (g) of 
autoclaved aquarium gravel (control) or each food component was placed in sep
arate square plastic boxes (4.5 cm2 by 1.5 cm high). The number of boxes per 
arena was one (no-choice test), two (dual-choice test), or four (four-choice test). 
In each arena, the boxes containing gravel or food materials were placed at 
random in the north, south, west, or east edges (no-choice test); in the north 
and south edges (dual-choice test); or in the north, south, west, and east edges 
(four-choice test). A paper ramp (6 cm long by 4.7 cm wide, with a slightly 
tapered edge to fit into the box) was cut from plain index cards and placed at an 
incline leading to each box. These ramps, which pointed to the center, facilitat
ed movement of insects from a release point in the arena into and out of the 
boxes. For dual- and four-choice tests, a randomized block design was used, 
with the arenas serving as blocks (replicates). 
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Newly emerged adults of the three species were separated from cultures, and 
100 adults of each species were placed separately in 0.47-liter jars containing 
100 g of the respective culture media. These jars were then transferred to the 
test room, which was maintained in total darkness at 27 ± lOC and 45 ± 5% RH. 
Insects were acclimated to the test conditions for 11 to 23 d. Each species was 
tested separately. In the center of each arena, 80 unsexed adults were released 
into a square plastic box lid (4.5 cm2 and 0.5 ern high), from which the insects 
could easily escape. Red lights were used only when working in the dark room. 
After releasing adults, each arena was closed with a lid (43 em diam) that had a 
9-cm diam hole in the center. A wire-mesh screen covering the hole prevented 
insects from flying out, but permitted air diffusion. All tests were initiated 
between 1300 and 1700 h local time. After 24 h, dishes containing food were 
closed with lids, labeled, and frozen (-13'C) for 1-2 d to kill the insects. The 
number of adults in each dish was later counted. 

Data from four-choice tests were subjected to two-way analysis of variance 
(ANOVA), to partition the variation among arenas (blocks) and foods/gravel 
(treatments) in the number of adults retained. Differences (P < 0.05) among 
foods/gravel in the number of adults retained were determined by Bonferroni 
t-tests (SAS Institute 1988). For dual-choice tests, a paired t-test was used to 
compare treatment differences (P < 0.05) (SAS Institute 1987). Data (z) for all 
analyses were transformed to logIQ(z) or 10glQ(z + 1) scale to stabilize variances 
across or between treatments. 

Determining the suitability of arenas for choice tests. Because the 
arenas used were relatively small, it is conceivable that insects could be found in 
foods due to random movement. To assess such random movement, we presented 
an inert material (autoclaved aquarium gravel) to the insects. In the first test, one 
plastic box containing 5 g of gravel (similar in particle size to cracked corn) was 
placed at random in each arena. For each species, three such arenas were used. In 
the second test, four plastic boxes each containing 5 g of gravel were presented to 
insects in each arena. For each species, three arenas were used. In the third test, 
four plastic boxes each containing 5 g of freshly cracked corn, wheat, sorghum, or 
gravel were presented to insects in each arena. For each species, five arenas were 
used. The number of adults in boxes containing bll'avel or cracked grains and grav
el after 24 h was counted. Data from the second and third test were subjected to 
two-way ANOVA and Bonferroni i-tests, as explained above. 

Four-choice test with cracked grains and rolled oats. Five grams of 
rolled oats was compared with similar amounts of cracked corn, wheat, and 
sorghum in each arena. For tests with S. oryzae adults, six arenas were used. 
For the remaining species, eight arenas were used. 

Four~choice test with cracked grains and kibbled carobs. In each 
arena, fOUf boxes each containing 5 g of freshly cracked corn, wheat and 
sorghum, or carobs were presented to adults of each insect species. For each 
species, nine arenas were used. 

Four-choice test with cracked grains and food-bait mixture. In each 
arena, 5 g of food bait mixture (cracked corn, cracked wheat, rolled oats, and 
carobs (1.554: 1.554: 1.554: 0.339 g, respectively; measured by a Mettler bal
ance) was compared with similar amounts of cracked corn, wheat and sorghum. 
Each species was tested separately using nine arenas. 
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Dual-choice test with food-bait mixture with and without carobs. In 
each arena, one box containing 5 g of food-bait mixture with carobs was com
pared with a box containing 4.661 g (1.554 g each of cracked corn, cracked 
wheat, and rolled oats) of food-bait mixture without carobs. In the latter box, an 
equal number of styrofoam pieces (cut from a styrofoam cup) were added to sim
ulate the larger carob pieces. Each species was tested separately using nine are
nas, and the data were analyzed using a paired t-test. 

Results 

In all four-choice tests, the variation among arenas (blocks) in the number of 
adults responding to the food and nonfood (gravel) materials presented in the 
boxes was not significant (P = 0.07 - 0.98). 

When one box containing gravel per arena was presented to each insect 
species for 24 h, a mean ± SEM of 13.0 ± 5.1, 5.3 ± 2.4, and 0.3 ± 0.3 adults of C. 
pusillus, 1'. castancwn, and S. oryzae, respectively, were retained in gravel. 
When four boxes each containing gravel were presented to the insects in each 
arena, ~ 8 adults of S. oryzae and C. pusiUus were retained in gravel in each of 
the four boxes (Table 1). However, the number of T. castaneum adults retained 
in gravel in each of the four boxes ranged from 1 to 21. For each species, the 
numbers of adults present among the four boxes of gravel were not significantly 
different (P" 0.30). 

Table 1.	 Number of adult C. pusillus, T. castaneum, and S. oryzae 
retained in autoclaved aquarium gravel in a four-choice test/' 

Number of adults per box per arenab,c 
(Mean ± SEM) 

Box C. pusillus T. castaneum S. oryzae 

A 8.0 ± 2.6 1.3± 0.9 1.7±1.7 

B 7.7 ± 3.0 20.7 ± 12.5 5.3 ± 1.8 

c 8.0 ± 3.1 4.3 ± 0.9 1.0 ± 1.0 

D 6.0 ± 1.5 17.0 ± 9.5 1.3 ± 0.9 

P-value 0.980 0.395 0.300 

(/ For each speci~s, n =3 arenas. 
b	 For each spccics, differences among t.he four boxes in the numbcl' of adults retained ill gravel werc 

not significant. (P:> 0.05, two-way ANGVAl. 
I:	 Raw dat~l for C. pusillus were transformcd to a log (z) scale lor analysis. Raw data for T crJsfallCUfll 

and S. uryZ{lC were transformcd to a log (1, + 1) scale 1'01' analysis. 
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In the presence of freshly cracked corn, wheat, and sorghum, fewer adults of 
all three species (mean = 0.8 to 7.0 adults per box) were retained in gravel 
(Table 2). The numbers of C. pusillu8 or S. oryzac ,"etained in the three grains 
were not significantly different (P > 0.05). Interestingly, there were no signifi· 
cant differences (P = 0.11) in the numbers of T. castaneum retained in the 
cracked grains and gravel. 

Table 2.	 Number of adult C. pusillus, 1'. castaneUln, and S. oryzae 
retained in cracked corn, wheat and sorghum, and auto
claved aquarium gravel in a four-choice test/1 

Number of adults per box per arenab 

(Mean ± SEM) 

Treatment	 C. pusillusc T. castancumU S.oryzaeC 

Cracked corn 25.0 ± 4.5 a 14.2 ± 2.2 27.8 ± 2.0 a 

Cracked wheat 16.4 ± 1.0 a 13.4 ± 2.5 24.8 ± 1.5 a 

Cracked sorghum 23.2 ± 4.5 a 13.0 ± 3.4 19.2 ± 2.2 a 

Gravel 2.6± 1.7 b 7.0 ± 5.5 0.8 ± 0.4 b 

P-value <0.001 0.113 <0.001 

a For each species, n =5 arenas.
 
b Raw dOJtll were transformed to a log (z + 1) scnle for analysis.
 
C Means in a column followed lJy same lelter arc not significantly different (P > 0.05, Bonfcrroni
 

i-tests). 
d Differences mllong cmckcu groins and grllvel in the number of adults retained were not significant 

(P > 0.05, two-way ANQVA), 

There were no differences (P > 0.25) in the numbers of C. pusillus or T. 
castaneum retained in cracked grains and rolled oats (Table 3). However, signif
icantly more (about twofold) S. oryzae adults were observed in cracked corn and 
wheat than in cracked sorghum or rolled oats. 

Significantly fewer « 5; P < 0.05) adults of all three species were retained in 
carobs than in cracked corn, wheat,and sorghum (mean numbers retained 
ranged li'om 16-23 adults) (Table 4). The numbers ofC. pusillus or T. castaneurn 
found in cracked corn, wheat and sorghum were similar. However, significantly 
more (P < 0.05) S. OfJ!zae adults were found in cracked corn and wheat than in 
cracked sorghum. 

The numbers of C. pusillus or T. castaneum adults retained in cracked grains 
and food-bait mixture were not sib'Tlificantly different (P > 0.10) (Table 5). The num
bers of S. oryzae retained in cracked corn, cracked wheat, and food~bait mixture 
were similar, but the number retained in cracked sorghum was significantly lower. 
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Table 3.	 Number of adult C. pusillus, T. caslaneum, and S. oryzae 
retained in cracked grains and rolled oats in a four-choice 
test.a 

Number of adults per box per arenab 
(Mean ± SEM) 

Treatment	 C. pusillusc T. castaneumC S.oryzaed 

Cracked corn 15.1 ± 3.7 20.3 ± 4.2 23.2 ± 1.9 a 

Cracked wheat 11.0± 1.5 13.6 ± 2.9 25.5 ± 1.5 a 

Cracked sorghum 15.6 ± 3.7 24.5 ± 4.3 11.7 ± 1.8 b 

Rolled oats 16.4 ± 2.5 11.6 ± 2.4 9.3 ± 1.3 b 

0.569 0.254P-value	 <0.001 

a For C. pusillus and T. castallcum. n = 8 arenas; for S. Of)'zae. n = 6 arenas. 
b Rnw dat..'J. were lransfonncd to a log (z) scale for analysis. 
C Differences among cracked grains and rolled oats in the number of adults retained were not sig

nificant (P > 0.05, two-way ANOVAJ. 
d Means followed by same letter arc not significantly different (P > 0.05, Bonferroni t-lcsl.s). 

Table 4.	 Number of adult C. pusillus, T. castaneum, and S. oryzae 
retained in cracked grains and kibbled carobs in a four
choice test.a 

Number of adults per box per arenab,c 
(Mean ± SEM) 

Treatment C. pusillus 

Cracked corn 

Cracked wheat 

Cracked sorghum 

Kibbled carobs 

15.9 ± 2.5 a 

18.2 ± 2.5 a 

19.6 ± 2.7 a 

3.2 ± 1.2 b 

T. castaneum S.oryzae 

16.0 ± 4.7 a 23.2 ± 2.0 ab 

17.8 ± 3.0 a 27.3 ± 1.3 a 

14.7 ± 2.0 a 16.1 ± 1.8 b 

4.7±0.7b 4.4 ± 0.7 c 

(I For each species, n = 9 arenas. 
b Raw data were transformed to 11 log (z) scale for analysis. 
C Means in a column followed by slime letLer are not significantly different (P > 0.05, Bonferruni t-\..cslsl. 
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Table	 5. Number of adult C. pusillas, T. castaneum, and S. oryzae 
retained in cracked grains and food-bai.t mixture in a four
choice test/I 

Number of adults per box per al'enab 

(Mean ± SEM) 

Treatment C. pusillusc T. castaneumC S.oryzaed 

Cracked corn 13.2 ± 1.8 11.7±0.7 21.9 ± 0.6 a 

Cracked wheat 13.9 ± 1.9 10.6 ± 1.0 19.8 ± 1.7 a 

Cracked sorghum 22.0 ± 3.5 12.9 ± 1.4 10.8± 0.9 b 

Food-bait mixture 18.8± 3.0 10.9 ± 0.6 22.2 ± 1.4 a 

0.144 0.475P-value	 <0.001 

fl For each species. n ,. 9 arenas.
 
b R.-Iw data were transfonncd to a log (z) scale for analysis.
 
C Differences among cracked grains and food-bait. mixture in the number of adults retained were
 

not significant. CP > 0.05, two-way ANOVA). 
d Means followed by same letter arc noL significantly different (P > 0.05, Bonfcrroni t-tests). 

The numbers of C. pusillus or T. castaneum retained in the food-bait 
mixture with and without carobs were similar (P > 0.10) (Table 6). However, 
significantly more (1.4 times) S. oryzae adults were retained in the food-bait 
mixture with carobs than in the mixture without carobs. 

Discussion 

[n this study, the behavior of adults responding to the foods or gravel presented 
in the boxes was not analyzed. Only the number of adults still remaining in 
foods/gravel at 24 h was recorded. Therefore, these adults may represent insects 
that were initially attracted to the food volatiles, arrested and retained after con
tact with the foael/gravel, or insects that found spaces between the food/gravel 
suitable for concealment. In addition to the above, the role of aggregation 
pheromones in attracting additional adults to the food source and retaining these 
adults on the food source cannot be excluded. Males of each of these species 
produce aggregation pheromones that are attractive to both sexes (Burkholder 
and Ma 1985, Millar et aJ. 1985). For example, eightfold more S. oryzae adults 
were attracted when cracked corn and the aggregation pheromone of S. oryzae 
were presented together compared with cracked corn alone (Trematerra and 
Girgenti 1989). Similar synergism between cracked wheat and the aggregation 
pheromone was reported for the maize weevil, Silophilus zeamais Motschulsky. 
(Walgenbach et aJ. 1987). The maximum production of this male-produced aggre
gation pheromone in Silophilus spp. occurs in the presence of foods (Walgenbach 
et aJ. 1983), resulting in the aggregation of adults for the purpose of exploiting the 
food source and for mating. 
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Table 6.	 Number of adult C. pusillus, T. castaneum, and S. oryzae 
retained in food-bait mixture with and without kibbled 
carobs in a dual-choice test." 

Number of adults per box per arenab,c 
(Mean ± SEM) 

Food-bait mixture: C. pusillusc 1'. castaneumc S. OI)'ZOe" 

with carobs 35.9 ± 3.4 28.1 ± 5.3 36.2 ± 3.2 

without carobs 26.4 ± 2.3 15.1 ± 1.9 26.8 ± 2.4 

DilT. d (Meand ± SEMd) 0.13 ± 0.07 0.23 ± 0.13 0.13 ± 0.03 

P-value [d = 01 0.118 ns 0.109 ns <0,01** 

a For each species. n = 9 arenas. 
b "'DilTerence bet.....een food-bait mixture ..... ith and .....ithout carobs in the number of adults ret..'lined 

was significant (P < 0.05. paired I-Lest); ns. not significant. 
C R.'lW data .....ere transfonncd to a log (x) scale for analysis. 

Insignificant block variation in each of the four-choice tests for each species 
indicated that the mean retention of adults in the test materials was consistent 
from arena to arena. The arenas, though small, were useful for quantifying the 
relative retentive ability of the food baits, because very few adults of the three 
species were retained in gravel when it was presented alone or in combination 
with cracked grains (Table 2). This enabled better gauging of the relative reten
tive abilities of the foods tested. However, the degree of response to gravel var
ied with the species. Adults of S. oryzae were least responsive to gravel, fol
lowed by C. pusillus and 1'. castaneum. For example, in a test with four boxes 
containing gravel, 17 and 21 adults of T. cas(.aneum were retained in boxes D 
and B, respectively (Table 1). Tribolium caslaneum adults and larvae normally 
conceal themselves under any suitable object (Good 1936). and the interstitial 
spaces between gravel pieces may have provided adequate harborage for adult 
concealment. 

In two separate tests (Tables 2 and 3), the numbers of C. pusillus retained in 
the three cracked grains, and in cracked grains and rolled oats were similar. 
Therefore, any of the cracked grains or rolled oats could be used as bait for 
detecting C. pusillus. In the same tests, more S. oryzae adults were retained in 
cracked corn and wheat compared with cracked sorghum or rolled oats. Cracked 
corn and wheat, therefore, could be used as bait for detecting S. oryzae. 1'riboli
um castaneum did not show a marked preference for any of the cracked grains 
and rolled oats (Table 3). Although differences in numbers of T. castaneum 
retained in cracked grains and gravel were not significantly different Cfable 2), 
twice as many adults were present in cracked grains compared with gravel. As 
stated earlier, spaces between gravel pieces may have resulted in T. caslaneum 
seeking refuge in gravel in spite of any volatile (olfactory) or nonvolatile (aggre
gant) stimuli, This refuge·seeking behavior of T. castaneum has been taken into 
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consideration in commercial food~baited trap designs (see Barak and Burkholder 
1984). 

Carobs are attractive to adults of T. castaneum, sawtoothed grain beetle, 
Oryzaephilus surinamensis (L.), and granary weevil, Sitophilu8 granarius (L.) 
(Pinniger et a!. 1984). Pinniger et aI. (1984) and O'Donnell et a!. (1983) have iden
tified the attractive components of carobs. In addition to being attractive, carobs 
also support infestation of a variety of stored-product insects (Ashman 1967). In 
our study, carobs retained about thl'ee- to sixfold fewer adults of the three species 
than cracked grains (Table 4). Our results with T. castaneum are contrary to those 
reported by Pinniger et a1. (1984), We cannot explain this low level of retention in 
carobs. Perhaps, the concentration of carob volatiles from 5 g of carobs had an 
adverse (inhibitory) effect on the response of these three species. 

The numbers of C. pusillus or T. castaneutn retained in cracked grains and 
food-bait mixture were similar. This indicated that the cracked grains could be 
used instead of the food-bait mixture for detecting these two species. The num
bers of S. oryzae adults retained in cracked corn, cracked wheat, and food~bait 

mixture were similar. Therefore, for detecting S. or)lzae, cracked com or wheat 
could be substituted for the food-bait mixture. 

The presence of carobs in the food-bait mixture did not greatly enhance 
the retention of any of the three species. Although significantly more (P < 
0.01) S. oryzae adults were retained in the food-bait mixture with carobs than 
without carobs, the lA-fold difference observed is too small to justify the inclu
sion of carobs in the food-bait mixture. 

In summary, cracked corn, wheat and sorghum, or rolled oats could be used 
as bait for detecting adults of C. pusillus and T. castaneum, whereas cracked 
corn or cracked wheat could be used as bait for detecting S. oryzae adults. 
Because extrapolation of laboratory data to field situations is risky, traps or 
wire~mesh envelopes containing these food baits must be evaluated in the field 
for their effectiveness in detecting adults of these three species, and other 
stored-product insects. 
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ABSTRACT The striped cucumber beetle, AcaLymma uiUatum cr.), and 
the spotted cucumber beetle, Diabrotica IUldecimpunctata howardi Barber, 
are important pesls of cucurbits throughout Missouri. A study was conducted 
that examined the effects of a black plastic mulch on the soil and plant dis
tributions of immature and adult cucumber beetles. Muskmelon plants were 
subjected to one of three treatments: mulch and herbicide, herbicide. or 
untreated (control). The presence of a black plastic mulch significantly 
reduced the number of beetle eggs and larvae found within the top 5 em of 
soil around plants. At greater soil depths, there were no differences in egg 
and larval densities among treatments. Adult cucumber beetles were most 
often found on the nowers of plants in all treatments. 

KEY WORDS Cucumber beetle, mulch, distribution, cucurbits, Coleoptera, 
Chrysomelidae, muskmelon, Acalymnw vittatum, Diabrotica undecimpullctata 
howardi. 

T"vo important pests of cucurbits in Missouri are the striped cucumber beetIe 
(STCEl, Acalymma viltatum (F.), and the spotted cucumber beetle (SPCEl, Dia
brotica undecimpundata howardi Barber (Haseman 1946, DiCarlo and DeCour
ley 1991). Although polyphagous, cucumber beetles have a preference for Cucur
bitaceae plants (e.g. squash, melons, cucumbers). STCB and SPCB eggs are laid 
at the base of plants or just below the soil surface, and the developing larvae feed 
on underground stems and roots. Adult cucumber beetles will feed on the host 
plant's foliage, stems, Oowers, and fruit. Their feeding activity may kill seedlings, 
stunt older plants, and deform the fruit. Cucumber beetles also cause indirect 
damage to their cucurbit hosts by acting as vectors for bacterial wilt disease. 

Weed control in vegetable production is attained either through herbicides or 
the use of mulches. Besides controlling weeds, some types of mulches can 
enhance yield by reducing nutrient loss through leaching and maintaining favor
able soil temperature and moisture (Tompkins et al. 1967, Brown 1987. Bhella 
1988). Increases in plant production, attributable to a black plastic mulch, 
apparently can offset the damage caused by STCB (Reed et al. 1987). What is not 
known is if the presence of such a mulch alters the spatial dispersal of cucumber 
beetles. The goal of this study was to determine the effects of a black plastic 
mulch on the soil and plant dispersal of STCB and SPCB on melon. 
, 
2 Received ror public[)tion 11 ,July 1991; accepted 24 October 1991. 
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Materials and Methods 

Experimental Design. In 1989, two adjacent plots were established at the 
University of Missouri, Horticultural Research Center, New Franklin, lvlissouri. 
Each plot consisted of 10 parallel rows with 24 plants per row. Rows were 1.8 m 
apart. Each row was divided into three sections (8 plants/section). Three weed 
control treatments, mulch and herbicide. herbicide only, and control, were each 
randomly assigned to a section in each row (randomized complete block). The 
mulchlherbicide and herbicide sections received bensulide (14 June), applied 
with a handgun sprayer at the rate of 9.35 literslha, prior to the seedlings being 
planted. 

On 21 June, a mechanical transplanter was used to plant 3~wk~old green~ 

house~grown muskmelon (Cucumis melD L.) (vaT. Road Runner) seedlings 
0.85 m apart in each plot's row. Simultaneous to the seedlings being planted, 
a biodegradable black polyethylene mulch (1.2 m wide and 0.15 mm thick) was 
placed on top of each row section contain.ing the mulchlherbicide treatment. The 
control plot received no herbicide or mulch treatment. The plants were watered 
with trickle irrigation and maintained with standard commercial production 
practices until harvest. Throughout the remainder of the season the herbicide 
and mulchlherbicide plots were kept weed-free through periodic hand-hoeing. 
The land between the plots was cultivated periodically to keep it weed-free. 

Distribution of Cucumber Beetle Eggs and Larvae. Soil samples were 
collected from a randomly selected plant in each treatment's section per row (8 
replicatesltreatmenVplot) on three dates: 5 July, 15 August, and 15 September. 
Soil samples were collected from all but a plot's outer rows. 

The soil samples were taken as close to the plant as possible, and consisted of 
a soil core obtained with a 10-cm-diam by I5-cm-deep golf course cup cutter. 
Each core (393 cm:l ) was then divided into three, 5-cm-deep subsamples: 0-5, 5~ 

10,10-15 em depths. The recovery of cucumber beetle eggs and larvae from each 
soil subsample involved washing, sieving, and noating procedures (Shaw et al. 
1976, Ruesink 1986). Recovered eggs and larvae were not separated to species. 

Differences among the average number of eggs and larvae between treat
ments and soil depth were determined by an analysis of variance. A square-root 
transfonnation was performed on the data prior to analysis. Mean values were 
compared using least significant differences (SAS Institute 1985). Differences at 
P < 0.05 were considered significant. 

Distribution of Cucumber Beetle Adults. Densities of adult cucumber beetles 
were obtained by counting the number of individuals found on the flowers, fruits, 
leaves, and stems of all plants in each treatment. Because adults became aggre
gated as the season progressed, and flew when disturbed, visual counts were 
limited to the first half of the growing season. An analysis of variance was used 
to test for differences in mean densities between beetle species and sampling 
dates. A square root transformation was performed on the data prior to analy
sis. Mean values were compared using least significant differences (SAS Insti~ 

tute 1985). Differences at P < 0.05 were considered significant. 
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Results and Discussion 

Distribution of Cucumber Beetle Eggs and Larvae. The soil dispersal 
patterns of eggs and larvae were similar. At the 0- to 5-cm soil depth and during 
all sampling periods, plants in the mulchlherbicide treatment contained signifi
cantly fewer cucumber beetle eggs and larvae than that found in the herbicide 
and control treatments (Table 1). But at the 5- to lO-cm and 10- to 15-cm soil 
depths, no significant differences in egg larval densities between treatments 
were generally round. 

The presence of the black plastic mulch appeared to have limited the beetles' 
access to the roots for oviposition. However, it is not known exactly why the 
mulch barrier would affect the amount of egg laying only in the shallower and 
not deeper soil depths. Knavel and Mohr (1967) observed that roots ofmuskmel
on and squash plants with a black polyethylene mulch were primarily found 
near the soil surface. This would imply that STCB and SPCB oviposition near 
such mulched plants would take place primarily near the surface of the soil 
where the larvae would have access to the abundant root growth. But such 
ovipositional behavior was not shown in our study, i.e. the highest level of eggs 
and larvae at the 0- to 5-cm soil depth were always found in the nonmulched 
treatments. 

As soil depth increased, significantly fewer eggs and larvae were recovered. 
This pattern occurred regardless of treatment or sampling date (Table 1). About 
77% of the total number of eggs and larvae recovered from the soil samples 
were found at the 0- to 5-cm soil depth. Similar observations were reported by 
Doane (1897) and Brust and House (1990). The greater concentration of eggs 
and larvae found near the soil surface among all treatments could have been 
inOuenced by soil moisture. The trickle irrigation system appeared to have pro
vided enough moisture in the top 5 em of soil so that the beetles did not seek 
more moisture in the soil by burrowing deeper, a behavior reported by Foster et 
a1. (1979). Gustin (1979) determined that under dry conditions the majority of 
Diabrotica virgifera virgi{era LeConte eggs are deposited at depths greater than 
7.5 em. 

The presence of the plastic mulch not only acted as a barrier to STCB and 
SPCB infestations, but it also enhanced fruit production. The average weight of 
harvested muskmelons from the mulchlherbicide treatment was significantly 
greater than that from the control treatment, but statistically the same as mel
ons from the herbicide treatment. Similarly, Reed et al. (1987) reported that the 
level of increased yield attributable to a black plastic mulch was such that mel
ons infested with STCB larvae, but grown with the mulch, produced more than 
plants receiving insecticide sprays and grown with no mulch. 

Distribution of Cucumber Beetle Adults. Seventy-four percent of all 
adult cucumber beetles found on the melon plants were STCB. Shortly after ini
tial bloom, 80% of the adult beetles observed were found in the nowers, 19% 
were on leaves and stems, and 1% were on weeds. After the appearance of the 
first fruits, the average distribution of adults among the plant parts were as fol
lows: flowers (61%), fruits (30%), leaves and stems (7%), and weeds (2%). Prefer
ence for flowers was probably due to the adults seeking nectar and pollen for 
food (Anderson and Metcalf 1986). 
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Table 1. Average number of eggs and larvae of the striped and spotted 
cucumber beetles ± SD, recovered from soil samples taken at 
different depths around plants under a weed control treat
ment.o,b 

Treatment 

Life Sampling Depth 
Stage Dale (em) MulchIHerbicide Herbicide ConlTol 

EGGS 5Jul 0-5 2.87 ± 1.78 a x 5.75 ± 1.48 a y 5.12 ± 1.26 a y 
5 - 10 

10 - 15 
0.68 ± 0.94 b x 
0.06 ± 0.25 c x 

1.93 ± 0.68 b y 
0.00 ± 0.00 c x 

1.81 ± 0.65 b y 
0.12 ± 0.34 c x 

15 Aug 0-5 3.37 ± 2.58 a x 9.43 ± 2.92 a y 7.81 ± 1.68 a z 
5-10 1.18 ± 0.83 b x 1.62 ± 0.95 b x 1.75±0.93b x 

10-15 0.06 ± 0.25 c x 0.18 ± 0.54 c x 0.12 ± 0.34 c x 

15 Sep 0-5 4.37 ± 2.85 a x 10.2 ±2.78ay 7.37 ± 4.03 a z 
5·10 1.25 ± 0.85 b x 1.75 ±0.58 b x 1.25 ± 0.77 b x 

10-]5 0.12 ± 0.34 c x 0.18 ± 0.40 c x 0.12 ± 0.34 c x 

LARVAE 5 Jul 0-5 0.56 ± 0.73 a x 1.00 ± 0.96 a y 1.06 ± 0.77 a y 
5-10 

10-15 
0.12 ± 0.50 b x 
0.00 ± 0.00 b x 

0.37 ± 0.50 b xy 
0.06 ± 0.25 b x 

0.62 ± 0.72 b y 
0.00 ± 0.00 c x 

15 Aug 0-5 
5-10 

10-15 

0.68 ± 0.79 a x 
0.93 ± 0.77 a x 
0.00 ± 0.00 b x 

1.18 ± 0.98 a y 
0.31 ± 0.60 b y 
0.13 ± 0.35 b x 

1.37 ± 1.08 a y 
0.25 ± 0.57 b y 
0.00 ± 0.00 b x 

J5 Sep 0-5 
5-10 

L12± 1.02 a 
0.62 ± 0.71 a 

x 
x 

1.87 ± 1.31 a y 
0.81 ± 1.l0 b x 

2.68 ± 1.08 a 
0.68 ± 0.87 b 

z 
x 

10-15 0.25 ± 0.57 a x 0.25 ± 0.44 b x 0.12 ± 0.34 b x 

~ Eggs and larvae were not. scparat.cd to cucumber beet.le species. 
Averages within a treatment's column per sampling date (a b c) and soil depth's row per sampling 
date (x y z) followed by the same letter are not si!:nificantly different (P > 0.05; LSD ISr\S Institute 
19851). 

During the first sampling period (20 July), significantly more adult STCB 
were observed on the flowers of plants in the mulchlherbicide treatment than on 
the flowers in the herbicide and control "treatments (Table 2). This was because 
plants in the mulched treatment bloomed sooner than the plants in the other 
treatments. By the second sampling period (8 August), the adults had migrated 
to the flowers in the herbicide and control plots. The average number of adult 
STCB and SPCB found on the fruits, leaves and stems, and weeds during both 
sampling periods were very low and not significantly different among treat
ments (Table 2). 
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Table 2. Average number of adult striped (STCBl and spotted (SPCBl 
cucumber beetles ± SD found on melon plants under a weed 
control treatment.a 

SpeciesfPlant Part 

Sampling Date Treatment STCB SPCB 

20Jul	 Mulch/Herbicide 
Herbicide 
Control 

Mulch/Herbicide 
Herbicide 
Control 

Mulch/Herbicide 
Herbicide 
Control 

MulchlHerbicide 
Herbicide 
Control 

Flowers 

2.18± 1.84 a 
1.16± 1.08b 
1.43 ± 1.36 c 

Fruits 

0.00 ± 0.00 a 
0.00 ± 0.00 a 
O.OO± 0.00 a 

Leaves and Stems 

0.33 ± 0.56 a 
0.27 ± 0.57 a 
0.18 ± 0.49 a 

0.00 ± 0.00 a 
0.00 ± 0.00 a 
0.00 ± 0.00 a 

0.43 ± 0.68 a 
0.22 ± 0.51 a 
0.31 ± 0.62 a 

Weeds 

0.04 ± 0.29 a 
0.00 ± 0.00 a 
0.00 ± 0.00 a 

0.10 ± 0.31 a 
0.14 ± 0.35 a 
0.12 ± 0.44 a 

0.00 ± 0.00 a 
0.00 ± 0.00 a 
0.00 ± 0.00 a 

Flowers 

8 Aug Mulch/Herbicide 
Herbicide 
Control 

1.41 ± 1.09 a 
3.37 ± 1.67 b 
2.70 ± 1.78 c 

0.62 ± 0.86 a 
0.83 ± 1.01 b 
1.14 ± 1.18 b 
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Table 2. Continued. 

SpecieslPlant Part 

Sampling Date Treatment STCB SPCB 

Mulch/Herbicide 
Herbicide 
Control 

MulchlHerbicide 
Herbicide 
Control 

Mulch/Herbicide 
Herbicide 
Control 

1.02 ± 1.04 a 0,81 ± 1.02 a 
0,91 ± 1.21 a 0,70 ± 0.87 a 
1.00 ± 0,94 a 0,54 ± 0,71 a 

Leaves and Stems 

0,27 ± 0,61 a 0,06 ± 0,32 a 
0,22 ± 0.51 a 0,06 ± 0,24 a 
0,33 ± 0.56 a 0,08 ± 0,34 a 

Weeds 

0,04 ± 0,20 a 0,02 ± 0,14 a 
0,06 ± 0,24 a 0,04± 0,20 a 
0,08 ± 0,34 a 0,10 ± 0,37 a 

(I Averages within a beetle spccicl:! column per sampling date per plant part followed by the same letwT 

are not significantly diffcnmt (P > 0.05; LSD ISAS Institute 1985]). 

In summary, the presence of a black plastic mulch does appear to limit the 
number of immature cucumber beetles found at the shallower soil depths (0-5 
em). Apparently, the adult female beetle has limited access to the soil around 
the plant when such a mulch is present. With the exception of the flowers, the 
number of adult beetles found on the various plant parts did not appear to be 
influenced by the weed control treatments. 
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ABSTRACT In visual, beating, and pitfall trap samples from five Delaware 
potato fields, the following previously reported predators of the Colorado 
potato bectle, Leptinotarsa decemlineata (Say), wcr"c found: Coleomegilla 
maculala [engi Timberlake (Coccinellidae), Chr)'soperla carnea (Stevens) 
(Chrysopidae), Lebia gral/dis Hentz (Carabidac). Podisus maculiue1ltris (Say) 
(Pentatomidae), Perillus bioculatus (F.) (Pentatomidae), and Phalangium 
apilio (L) (Phalangiidae). The carabid Pterostichus cha/cites Say was also 
abundant, and was observed feeding on L. decemlineata larvae, a fact not 
previously reported. Other potential predators sampled included other 
carabids and coccinell ids, and a wolf spider (Lycosidae) in the genus Pardosa. 

KEY WORDS Leptillotarsa decemlineala, predators, biological control, 
potatoes, Colorado potato beetle, Coleoptera, Chrysomelidae. 

The Colorado potato beetle, Leptinotarsa decemlineata (Say), has a number of 
arthropod natural enemies that are native to the United States (Riley 1869, 
1872, 1877, Trouvelot 1931, Franz 1957, Groden 1989). Although this fauna has 
been characterized in several site-specific natural mortality studies (e.g. Franz 
1957, Groden 1989) and surveys of potato field arthropods (Ihrke and Bartell 
1979, Boiteau 1983), knowledge of the diversity and abundance of the Colorado 
potato beetle's natural enemies in various United States potato growing regions 
remains incomplete. Knowledge of the Colorado potato beetle's resident 
arthropod natural enemies is a necessary precursor to the manipulation and/or 
conservation of populations of these organisms in the context of a biological or 
integrated control program. 

Materials and Methods 

In 1990, we sampled four sites within four miles of each other near 
Middletown, Delaware. Three of these were large commercial fields and one was 
a ca. 0.25-ha field adjacent to experimental plots maintained by University of 
Delaware researchers. In 1991, only one field was sampled, a different 
commercial field from those sampled in 1990, also near Middletown, Delaware. 
All fields were planted in late March or early April with the potato cultivar 
"Superior." Commercial fields were treated with a variety of conventional and 
biological insecticides, while the University site was never sprayed. Colorado 
potato beetles were present in all fields. 
, 
2 Coleoptera: Chrysomelidne.
 
3 Received for publication 17 AUb'Usl1991; accepted 17 December 1991.
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Each commercial farm site was sampled five times between 13 June and 18 
July 1990. In 1991 the commercial site was sampled foul' times between 16 May 
and 7 June, The University site was sampled only three times, between 13 June 
and 5 July 1990, because plant senescence and damage from Colorado potato 
beetle feeding were too severe to allow sampling aftcr that date. In the commer
cial fields, eight sampling locations were randomly chosen within a corridor 
between 25 and 75 m from the edge of the field at each sampling date. In the 
smaller University site eight sampling locations were chosen at random from 
within the entire field. Edges were not sampled. 

In all fields, two sampling methods were used: at four locations, 2 rn of two 
adjacent rows were inspected visually and species and numbers of all ento
mophagous insects seen on the foliage were recorded. The remaining four loca
tions were sampled by beating plants by hand from 2 m of two adjacent rows 
over an enamel pan (18 by 30 ern) containing approximately 0.5 em of 95% 
ethanol. Insects that fell into the pan were taken to the laboratory for identifi
cation. Sampling took place between 0900 and 1300 h. 

The University field and one commercial field were also used as pitfall trap 
sites in 1990. One·liter tin coffee cans were buried near the bases of potato 
plants with their tops flush with the soil. The traps were about half-filled with 
salt-saturated water mixed with a few drops of detergent, and covered with a 
linoleum tile (22.5 cm2) elevated about 3 em above the soil surface. The salt 
served as a bacteriostat, the detergent to break the surface tension of the water 
when insects fell in, and the tile to exclude rainwater. Two traps were placed 
at random in each field on 20 June and collected on 5 July (University field) 
and 8 July (commercial field). In 1991, two pitfall traps were placed in the 
same field that was sampled visually and by beating. The traps were emptied 
and replaced weekly for a total of six samples between 24 May and 27 June. All 
specimens from pitfall traps and beating samples have been placed in the 
voucher collection of the University of Delaware Department of Entomology and 
Applied Ecology Insect Museum. 

For three of the potential predators (the carabid, Pterostichus eha/cites Say, 
and the coccinellids, Coleomegilla maculata lengi Timberlake and Coccinella 
septempunctata [L.]) feeding trials were performed in which predators collected 
from the field were taken to the laboratory and offered large and small larvae 
and eggs of L. decemlineata as food. Predators were kept individually with their 
potential prey items in Petri dishes (9 cm diam) in an incubator at 25°C and a 
photoperiod of 16:8 (L:D). Prey were checked for signs of predation at least 
twice daily for 3 d. 

Results 

Plant beating and visual sampling yielded similar counts and species of 
organisms. Therefore, results from these two methods were combined. All visual 
and beating samples combined yielded a variety of known and potential natural 
enemies of L. decemlineata (Table 1). Of those previously documented as Col
orado potato beetle predators, the most abundant were the coccinellid, 
Coleomegilla maculata lengi, the chrysopid, Chrysoperla carnea, and the carabid, 
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Table 1. Known and potential Colorado potato beetle predators sampled 
in Delaware potato fields. 

Sampling Method Organism 

Visual and Beating 

Pitfall 

ColcopteraC 

Coccinellidae 
Coleomegilla maculala lengi 

Timberlake 
Coccinella septempul1ctata (L.) 
eye/olleda munda (Say) 

Carabidae
 
Lebia grandis Hentz
 
Pteroslichus chalciles Say
 
Other
 

Neuroptera 
Chrysopidae 

Chrysoperla carnea (Stevens) 
Hemiptera 

Pentatomidae 
Podisus maculiuentris (Say) 
Perillus bioculatus (F.) 

ColeopteraC 

CaJ'abidae
 
Plerostiehus ehalcites Say
 
Other
 

Staphylinidae 
Araneida (Arachnida) r 

Lycosidae 
Pardosa sp. 

Phalangida (Arachnida) r 
Phalangiidae 

Phalallgium opitio (L.) 

Number of Individuals 

1990" 1991b 

21 

25 
1 

18 

14 
0 

8 
5 

25 

0 
0 
0 

14d 0 

3' 
1 

0 
0 

42 
8 

30 

4 
5 

30 

56 38 

2 69 

Q Total of all samples from four sites. 
b Total of all samples from one sile. 
l: Only adult specimens arc tabulnwd.
 
(/ Includes 6 eggs. 5 larvae, and 3 ndults.
 
C Includes] n).'mph and 2 adults.
 
{Both ndulls and immatures orc included.
 

Lebia grandis, although the latter two were not observed in the commercial 
field sampled in 1991. 

In the pitfall traps, Pterostichus chalcites, a carabid, was the dominant insect 
species found (Table I), A wolf spider (Lycosidae), Pardosa sp. was also found in 
large numbers at the University site and in the commercial field sampled in 1991. 
The University site also produced low numbers of Phalangium opi/io (Opiliones: 
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Phalangiidae), while large numbers of this harvestman were consistently found 
in the commercial field sampled in 1991. Staphylinid beetles recovered were of 
various species, nearly all very small « 5 mm long). 

In laboratory feeding tests, both Coleom.egilla maculala lengi and Pteros
tichus chalcites fed readily on large and small larvae and on eggs of the Col
orado potato beetle. Cocci nella septempunct.ata, in contrast, rejected larvae and 
ate very spari ngly of eggs. 

Discussion 

Coccinellidae. Of the Coccinellids observed during this survey, only 
Coleomegi.lla maculata is known to prey on the Colorado potato bectle. Riley 
(1869), Franz (1957), and Groden et al. (1990) reported egg and small larval 
predation by this species, and our own laboratory tests confirmed this. Coccinel· 
La septempunctata, a palearctic aphid predator first introduced into the United 
States in the 1950's (Gordon 1985), was found in about the same numbe,'s as C. 
macuLata, but based on our laboratory feeding trials does not feed on Colorado 
potato beetle eggs or larvae. 

Chrysopidae. Chrysopid larvae were observed feeding on egg masses of L. 
decemlineata in the field on sevCI'al occasions in 1990. Sorokin (1976) reported 
L. decem1ilwata predation by Chrysopa (= Chr)'soperla) spp. in the Soviet 
Union. Releases of these predators in Soviet eggplant fields resulted in impres
sive control of L. decemlineata in some trials (Ridgeway and Murphy 1984). 

Carabidae. £Chia gralldis is thought to feed almost exclusively on the Col
orado potato beetle (Lindroth 1969, Groden 1989). Adults forage nocturnally in 
potato foliage, where they prey on Colorado potato beetle eggs and larvae (Gro
den 1989, Hazzard et al. 1991). Larvae exhibit a parasitoid-like lifestyle by 
developing to maturity on a single Colorado potato beetle larva or pupa (Groden 
1989). A recent study indicated that this carabid "may be the most impm·tant 
endemic predator" ofthe Colorado potato beetle (Groden 1989). 

There are no published reports of Pterostichus chalciles as a natural enemy of 
the Colorado potato beetle, bul during this study two were observed feeding on a 
single lan-a in the field, and the beetle readily fed on such prey in the laboratory. 
P. chalcites is common in cultivated fields, and has been shown to feed on a vadety 
of prey, including eggs and larvae of the black cutworm, Agrotis ipsilon (Hufnagel) 
(Best and Beegle 1977), eggs, larvae, and adults of the western corn rootwonn, 
Diabrotic:a uirgi{era uirgi{era LeConte (Kirk 1975), and eggs and larvae of June 
beetles, Phyllophaga spp. (Seaton 1939). Two other Pteroslichus species, P. lueab
landus Say and P. melanal'ius llleger, found in potato fields in Massachusetts, con
sumed Colorado potato beetle eggs in the laboratory but did not forage for eggs in 
the foliage when leaves did not touch the ground (Hazzard et al. 1991). 

Staphylinidae. Riley (1872) cited an unidentified staphylinid as a Colorado 
potato beetle predator. However, the species collected in our study were much 
smaller than the one described by Riley. In previous diurnal and nocturnal sam
pling, staphylinids have not been found foraging in potato foliage (Groden 1989, 
Hazzard et al. 1991). Because the staphylinids caught in the current study were 
so tiny and have never been observed in potato foliage, they were unlikely to 
have much, if any, impact on potato beetle populations. 
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Pentatomidae. Both predacious pentatomids found here are known to prey 
on the egg and larval stages of the Colorado potato beetle (Tamaki and Butt 
1978, Drummond et al. 1984). During this survey Podisus maculiuentris (Say) 
was observed feeding on larvae in the field. 

Lycosidae. Members of the genus Pardosa have been implicated in the nat· 
ural control of various agricultural pests (Agnew and Smith 1989, Oraze and 
Grigarick 1989), but we know of no reports of these spiders feeding on the Col
orado potato beetle. 

Phalangiidae. Riley (872) reported L. decemlineata predation by "an uncle· 
termined species of Phalangium." A recent study confirmed that P. opilio feeds 
on Colorado potato beetle eggs and first and second instars, but concluded that 
the harvestman is probably not a major source of L. decemlineata morality 
(Drummond et al. 1990). 

In summary, a variety of known and potential Colorado potato beetle preda
tors were found in Delaware potato fields. Additional research is needed to 
assess the impact of these organisms on beetle populations. 
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Tralomethrin as a Long-Term Protectant 
of Stored Corn and Wheatl,2 

w. R. Halliday3, F. H. Arthur, R. A. Simonaitis 

USDA·ARS. Stored Product Insects Research and
 
Development Laboratory, Savannah, Georgia
 

J. Agrie. Entomo!. 9(3):145·163 (July 1992) 
ABSTRACT T\....o tralomethrin application rates, 0.75 ppm tralomethrin + 
3.75 ppm piperooyl butoxide and 2.00 ppm unsynergized tralomethrin, were 
evaluated as protcctive treatments for stored wheat and corn. Treated corn and 
corn treated with the formulation matrix (controls) were stored in 254-kg bins, 
treated and control wheat was stored in 272-kg bins, and both commodities 
were repeatedly infested with six stored-product insect pest species. Both 
application rates substantially delayed insect population growth and 
development. Within 6 mo, grain temperature and insect densities increased 
in the control bins. Moisture content of control and treated corn was not 
significantly different. Mean moisture content of control wheat increased 
from 11.8 ± 0.1% (SEl at month 0 to 13.3 ± 0.2% at month 8, and was 
significantly greater than moisture content of treated wheat. Tralomethrin 
residue deposits on corn after application were 0.47 ± 0.03 ppm and 1.39 ± 
0.19 ppm for the calculated rates of 0.75 ppm and 2.00 ppm, respectively. 
After 12 rna, 48.9 and 45.3% of the initial residues remained. Initial 
tralomethtin residues on wheat were 0.49 ± 0.02 and 1.49 ± 0.29 ppm for the 
0.75- and 2.00-ppm treatments. After 12 mo, 106 and 96.0% of the original 
deposit remained. 

When adult maize weevils, Sitophilus zeamais Motschulsky, lesser b'Tuin 
borer, Rhyzopertha dominica (F.), and sawtoothed grain beetle, Oryzaephilw; 
surinameltsis (L.), were bioassayed on treated grain sampled at regular 
intervals during storage, mortality after 14 d exposure and suppression of 
the F1 generation generally exceeded 95%. Toxicity decreased slightly at 2 
mo post-treatment and remained constant until month] 5, when a slight 
decrease in toxicit.y to maize weevil, S. zeamais, was detected. Confused flour 
beetle, Tribolium confusum Jacquelin du Val, was t.he least sensitive species 
of those tested to tralomethrin; mortalit.y from the 0.75- and 2.00-ppm 
treatments was generally 40-45% after 7 d and 90-97% after 14 d, 
respectively. The order of toxicity on both grains to the four beetle species 
was, from most. to least susceptible, O. sltrinamerlsis, R. dominica. S. 
zeamais. and T. confusum. 

KEY WORDS Insecta, tralomethrin. control. corn, wheat, toxicity, residues. 
Coleoptera, Lepidoptera. 

Mention of n commercial or proprietary product docs not constitute endorsement by the USDA. 
2. Rei::cived for publication 21 December 1990; accepted 5 November 1991. 
3Current address: Ricerca, Inc., P. O. Box 1000, Pnines\·jllc, Ohio 44077·1000. 
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Techniques used to prevent' stored grain from spoiling include drying, sanita
tion in and around storage sites, cooling of the grain mass by aeration, and the 
use of insecticides. These insecticides can be classified as protectants or fumi
gants, depending on residual activity and whether they exert action in the 
vapor phase. Use of protectants and fumigants is threatened by the appearance 
of insecticide resistance in the United States and abroad. Numerous studies 
have found l'csistance to malathion, the insecticide of choice for the protection of 
stored grains since its registration approximately 30 years ago, and the recently 
registered insecticide chlorpyrifos-methyl (AJ'thur et al. 1988, Halliday et al. 
1988, Sumner et al. 1988, Subramanyam et al. 1989, Beeman and Wright 1990). 
The most commonly used stored grain fumigant, phosphine, was recently asso
ciated with deleterious genetic effects such as chromosomal rearrangements in 
pesticide applicators (Garry et al. 1989). Zettier et al. (1989) and Zettler and 
Cuperus (1990) documented resistance to phosphine among insect pests in 
stored peanuts and wheat. 

As resistance to malathion becomes increasingly widespread, the pressure to 
manage insecticide resistance and to delay the appearance of resistance has 
also increased. Strategies aimed at managing or delaying resistance require 
that a selection ofinsecticides be available for use (Georghiou 1985). A variety 
of plans for delaying resistance have been proposed, including alternation of 
insecticides, mosaics, rotations, and combinations (Tahashnick 1989). Few 
insecticides are currently registered in the United States for insect control in 
grain storage situations. Organophosphate insecticides (malathion, dichlorvos, 
chlorpyrifos-methyl and pirimiphos-methyl) form the core of materials used in 
stored product protection. Since they belong to a single insecticide class, the 
potential for cross resistance is high. 

Preliminary tests (W. R. H., unpublished data) suggested that the pyrethroid 
tralomethrin showed potential as a protectant of stored corn and wheat based 
on its toxicity to a wide range of insects. Tralomethrin at 2.0 ppm (w/w) and 
tralomethrin synergized with piperonyl butoxide (PBO) (1:5) at 0.75:3.75 ppm 
(w/w) were equitoxic, killing:?: 95% of the following stored product beetle 
species: red flour beetle Tribolium caslaneum (Herbst); flat grain beetle, C/)'P
tolestes pusillus (Schonherr); rusty grain beetle, C. ferrugineus (Stephens); 
Oryzaephilus surinamensis (L.); merchant grain beetle, O. mercator (Fauvel); 
granary weevil, SUophilus granarius (L.); rice weevil, S. oryzae (1.), maize wee
vil, S. zeamais Motschulsky; and larger grain borer, Prostephanus truncatus 
(Horn). Suppression of the F 1 generation was also approximately 95%. Confused 
nour beetle, T. confuswn Jacquelin du Val, however, exhibited lower mortality, 
(ca. 50%). Based on these results, a trial was set up in which 254-kg (lO-bu) lots 
of corn and 272-kg (10-bu) lots of wheat were treated with synergized and non
synergized tralomethT'in. We measured the moisture content, residue levels, 
temperature, population densities, and toxicity of treated grain for 15 rna to 
determine the potential oftralomethrin as a grain protectant. 

Materials and Methods 

Pioneer '3320' hybrid corn was purchased in September 1988 and fumigated 
with phosphine at 1.0 g/ro J on site. Soft red winter wheat purchased locally had 
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been fumigated with phosphine. Three treatments were applied to the grain in 
late November 1988: no insecticide, tralomethrin at 2.00 ppm, and tralomethrin 
+ PBO at 0.75 ppm + 3.75 ppm. These three treatments are referred to as con
trol, 2.00-ppm, and 0.75-ppm treatments. Roussel Bio Corporation (Lincoln 
Park, New Jersey) supplied the insecticide as an emulsifiable concentrate con
taining 15 g tralomethrin per liter or 15 g tralomethrin + 75 g PBO per liter. 
Each treatment was replicated three times following standard procedures, 
using a delivery system equipped with a Teejet flat spray nozzle #650067 
(Arthur et a1. 1990). The insecticides were formulated in distilled water and 
applied at the rate of 94.6 ml of spray per 127 kg of corn, and 94.6 ml of spray 
per 136 kg of wheat. Controls were sprayed with the insecticide matrix (formu
lation minus tralomethrin and PBO) diluted with distilled water. Two corn lots 
were treated separately, mixed together, and conveyed into each of nine storage 
bins. Two wheat lots were similarly treated, mixed and conveyed into each of 
nine bins. The storage bins were approximately 2 m high, 1 m in diameter at 
the top and nan-owed to a 10-cm opening at the bottom and were covered with a 
masonite lid. The corn and wheat bins were randomly placed in two rows in a 
metal storage building with no environmental contl·ols. One hundred laboratory
reared insecticide-susceptible adult T. castaneum, S. zeamais, R. dominica, and 
O. surinamensis, and ca. 200 Indianmeal moth, Plodia interpunctella (Hilbner), 
and almond moth, Cadra cautella (V'lalker), eggs were added to each corn bin 
every 2 mo for the first 6 mo of this experiment to provide a constant infestation 
source. The same species, with the exception of S. zeamais, were added to the 
wheat bins at the same time. The beetles were 7-14 d old. All insects had been 
reared at 27 ± l°C, 60 ± 2% RH, and 14:10 L:D cycle. 

Temperature probes were submerged about 15 cm deep in the grain ca. 15 em 
from the edge of the bin. An automatic data recorder (Omnidata International, 
Inc., Logan, Utah) recorded ambient air and bin temperatures every 5 min. Tech
nical problems prevented temperature data collection until 1 rna after the grain 
was loaded into the bins. Data were summarized and transformed to produce a 
mean daily temperature. A Motomco moisture meter, model No. 919, was used to 
measure moisture content in samples collected as described below. 

The bins were sampled initially and at 1 rno intervals for 15 mo, with the 
exception of months 1, 7, II, 13, and 14. Each bin was divided into top, middle 
and bottom levels. From the center of each level, one sample was removed using 
a bullet· type deep grain bin probe (Seedburo, Chicago, Illinois) with a capacity of 
ca. 250 g. In addition, two samples were removed from the middle level at the 
sides to eliminate any effects from the top or bottom of the bins. All five samples 
were combined, mixed thoroughly and subdivided for molstUl·C content determi
nation, residue analysis, and bioassays. At various times, Loschiavo-type plastic 
pitfall traps and cardboard pupation sites (Arthur et al. 1990) were added to the 
bins for 1 wk to estimate beetle and moth populations, respectively. Weevils, 
grain beetles and moths were initially identified to genus only. ·Weevils collected 
after month 8 were identified to species. Pitfall traps were placed in the middle 
center of the bins at a depth of approximately 0.6 m. Corrugated cardboard 
rolled into a circle and fastened with tape served as pupation sites. Four of these 
were placed on the surface of each bin. After 1 wk, they were removed and then 
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checked for moth pupae. Untreated corn and wheat were discarded after 8 rno 
because of excessively high insect densities. 

Toxicity of tralomethrin on corn was monitored in the laboratory by adding 
forty 7- to 14-d old adult T. confusum, S. zeamais or 0, surinamensis to each of 
three 100 g samples from each of the nine corTI bins. Although T. castaneum is a 
more serious pest of grain than T. confusum, T. confusum was used for bioassays 
because it is less sensitive to pyrethroids. The reasoning was that if tralomethrin 
became less active over time, a change in mortality would first manifest itself in 
the less sensitive species. After 14 d exposure, mortality was determined and 
insects were discarded. Mortality ofT. confusum was additionally recorded after 7 
d. MOItality in treated samples was corrected with Abbott's formula (Abbott 1925). 
The number of adults subsequently emerging was recorded at weekly intervals for 
an additional 6 wk. By comparing the number of insects in the control and treat
ment sample. we calculated the percent suppression of the F 1 generation. 

The analytical procedure for determining residues was based on a method 
supplied by Roussel BiD Corporation for the analysis of tralomethrin, 
deltamethrin, and trans-deltamethrin in biological materials. Slight modifica
tions were necessary which included extraction of the corn with acetonitrile 
instead of cyclohexane or hexane, dissolving the residue in hexane instead of 
cyclohexane:methylene chloride (85:15), omitting the gel permeation chromato
graphy step, and replacing Woelm Super 1 alumina with partially deactivated 
Florisil (I,/1'o H20). A Varian model 3700 gas·liquid chromatograph equipped 
with a Varian Ni 63 electron capture detector was used for analysis of the pre
pared extracts. Conditions were as follow: column 2 m X 1 mm (lD) packed with 
5% OV-I01 on 80/100 mesh gas chrom Q; gas flow, 30 mllmin nitrogen; tempera
tures, injection port, 337°C, detector, 397°C, oven, 310°C. Retention time was 
1.58 min. Percent recovery from fortified samples ranged from 82.0-106% for 
corn and 68.3-114% for wheat. The data were analyzed for differences between 
means nsing the general linear models (GLM) procedure of SAS (SAS Institute 
1987). 

Results 

Corn. Mean daily ambient temperature and the temperature in the corn bins 
fluctuated seasonally, ranging from a low of 6°C dw"ing the winter (time zero to 
end of month 3) to a high of 32°C during summer (months 7-10) (Fig. 1). Until 
month 6, bin and ambient air temperatures were similar but after month 6, con
trol bin temperatures increased substantially and were consistently 5_7°C higher 
than either treatment temperatures or ambient air temperatures. Temperatures 
in the treatment bins closely paralleled the ambient air temperatures for the 
duration of the test. 

Moisture content (MC) did not change during the test (Fig. 2). In the three con
trol bins, MC ranged fi"om a low of 14.0 ± 0.05% (mean ± SEM) at 8 mo to a high of 
14.6 ± 0.01% at 2 mo, The only consistent change in Me over time in the control 
bins was a slight decrease, the opposite of what would be expected. MC in bins con
taining the 0.75-ppm treatment mnged from a high of 14.6 ± 0.03% at 2 rna, to 13.8 
± 0.35% at 8 mo. MC in bins containing the 2.0-ppm tralomethrin treatment varied 
from a high of 14.5 at 2 and 5 rna to a low of 14.1 ± 0.08% at 15 mo. 
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Fig. 1. Mean daily temperatures of ambient air within corn bins (T 
tralomethrin application rate). 

Initial tralomethrin residues resulting from the calculated rates of 0.75 and 
2.00 ppm were 0.47 ± 0.03 and 1.39 ± 0.19 ppm, respectively (Fig. 3). At 15 mo, 
0.26 ± 0.01 and 0.92 ± 0.05 ppm were recovered. PBO residues remained con
stant and were 1.67 ± 0.08 and 1.75 ± 0.04 ppm at months 0 and 15, respectively. 
As the test progressed, the probe traps and corrugated spools (pupation sites) 
caught increasing numbers of insects in the control bins (Fig. 4), The number of 
Sitophilus spp. per probe trap peaked at 7 mo with a mean of 18.7 ± 13.2 weevils 
per bin and declined thereafter. O. surinamensis was first detected in large num
bers at 7 mo (18.3 ± 8.5) and reached a maximum at 8 mo (86.3 ± 12.3). T. casta
neu.m populations fluctuated in the early months but also reached a maximum at 
8 rna (81.3 ± 26.7). R. dominica density never exceeded 1.5 per probe trap in con
trol or treatment bins despite having been regularly added. Cryptolestes spp. 
adults (data not shown) were caught in probes only at 8 rna in the control bins 
(7.3 ± 1.7), 0_75-ppm bins (2.7 ± 2.7) and 2.0-ppm bins (1.0 ± 0.6). The number of 
moths caught in the control bins peaked at month 6 at 277.7 ± 38.1 pupae and 
adults per bin (Fig. 4). At months 7 and 8, the moth population declined to 215.7 
± 77.1 and 50.3 ± 17.9, respectively. Moth catch in treated bins was less than 1 
on all sample dates except month 7 for 0.75 ppm when catch was 1.0 ± 0.6. With 
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Fig. 2.	 Mean moisture content of corn samples taken at various times after 
treatment with 0.75 ppm tl'alomcthrin + 3.75 ppm piperonyl butoxide 
or 2.00 ppm tralomethrin alone (T in figures refers to tralomethrin). 

two exceptions, bioassays measuring S. zeamais and O. surinamens':s mortality 
after 14 d exposure on the treated corn showed that mortality was 100% for both 
formulations for the duration of the test (Table 1). 

T. con{usum was less sensitive to tralomethrin than S. zeamais or O. surina
mensis. After 7 d exposure, this species exhibited ca. 35% mortality (data not 
shown) with the exception of month O. By 14 d, mortality had increased. and 
ranged from 90.2 ± 0.7% (month 6, 0.75-ppm treatment) to 100% <several 
instances both treatments) (Table 1). 

The percent reduction of progeny from bioassay samples was also very high 
(Table 2). T. confusunt did not reproduce in high enough numbers on control sam
ples to yield meaningful data. Progeny reductlon of the other species was ~ 99.8% 
for S. zeamais and 100% for 0. surinamensis at all sampling times. Because the 
control bins were discontinued after the 8 mo samples were taken, we were 
unable to calculate the suppression of the subsequent F 1 generation. However. at 
no time did more than one adult emerge fTom any bioassay from months 9-15. 

15 
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Fig. 3. Mean residue of tralomethrin and piperonyl butoxide (PBG) on corn fol
lowing treatment with 0.75 ppm tralomethrin + 3.75 ppm PBG or 2.00 
ppm tralomethrin. The vertical bars represent ± 1 SEM; lack of vertical 
bars indicates the SEM was less than the width of the symbol. 

Wheat. Temperatures within the wheat bins fluctuated widely over the first 
4 rna, paralleling the change in ambient temperature (Fig. 5). After rna 5, tem
perature in the control bins increased relative to both the ambient temperature 
and treated bins. This difference was normally 7-9"C although it did reach 17"C 
in month 5. After month 5, temperatures in the treated bins also were higher 
than ambient. The temperature within the 2.00-ppm treatment bins was consis· 
tently higher than the O.75·ppm treatments. This was especially noticeable after 
month 9. 

MC in the control bins of wheat was initially 11.8 ± 0.12% and fluctuated 
near 12.25% until month 8 (Figure 6). By month 8. MC had increased to 13.3 ± 
0.24%. This was significantly higher than either treatment (F = 15.8, P > 0.0001, 
df = 6), suggesting a large infestation existed within the control bins. Within the 
treatment bins, MC gradually increased over time. The original Me of the treat
ed wheat at month 0 was significantly lower than at all other times (F = 23.26, 
P> 0.0001, df =7 for the 0.75 ppm treatment; F = 22.65, P > 0.0001, df ~ 7 for 
the 2.00-ppm treatment). Both treatments had similar MC levels until month 15 
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Fig. 4. Mean number of insects recovered from corn bins (per probe trap for bee
tles, and per four pupation sites for moths) at various times post-treat
ment. The vertical lines represent ± 1 SEM. Closed circles represent con
trols, closed triangles represent bins treated with 0.75 ppm 
tralomethrin. and closed squares represent bins treated with 2.00 ppm. 

when a very large increase in Me was measured in the Z.OO-ppm tralomethrin 
bins (14.6 ± 0.7%). 

Tralomethrin on wheat did not appreciably degrade during the study. The ini
tial deposit of traJomethrin was 1.58 ± 0.08 ppm for the 2.00-ppm treatment and 
0.60 ± 0.03 ppm tralomethrin + 1.75 ± 0.07 ppm PBO for the 0.75-ppm treatment 
(Fig. 7). At rno 15, tralomethl;n residue for the 2.00M ppm treatment was 1.43 ± 
0.24 ppm and 0.54 ± 0.02 ppm for the 0.75-ppm treatment. 

Sitophilus spp., R. dominica, and Cryptolestes spp. were the species most com
monly caught in the control bins. Each of these three species increased in num
ber over time (Fig. 8). Sitophilus spp. (predominantly S. oryzae [L.]) reached a 
maximum of326.7 ± 69.3 per control bin probe tTap at month 6. By month 8, the 
control weevil population had crashed and was barely detectable (0.3 ± 0.3 wee
vils per trap). Few SitophilllS spp. were caught in treated bins until month 11. 
Afterwards, many more Sitophilus spp. were caught in the 2.00-ppm bins than in 
the 0.75-ppm bins, with a peak number occurring at month 15 (460 ± 228). The 
number of Sitophilus spp. from the 0.75-ppm bins was generally < 10 but 



Table 1. Mean percent mortality (± SEM) of Sitophilus zeamais, Oryzaephilus surinamensis, and Tribolium con
fusum adults following 14·day exposure to tralomethrin-treated corn.U 

S. zeamais O. surinamensis T. confusum 

0 1.7± 1.4 100.0 ± 0.0 100.0 ± 0.0 
2 2.5 ± 0.0 100.0 ± 0.0 100.0 ± 0.0 
3 3.3 ± 0.7 100.0 ± 0.0 99.1 ±0.7 
4 2.5 ± 1.2 100.0 ± 0.0 100.0 ± 0.0 
5 2.5 ± 0.0 100.0 ± 0.0 100.0 ± 0.0 
6 0.8 ± 0.7 100.0 ± 0.0 100.0 ± 0.0 
8 5.7 ± 2.9 100.0 ± 0.0 100.0 ± 0.0 
9 _c 

100.0 ± 0.0 100.0 ± 0.0 
12 100.0 ± 0.0 100.0 ± 0.0 
15 100.0 ± 0.0 95.8 ± 3.8 

II l\leans based on three replications. 
/> Plus 3.75 ppm pipernn}'! butoxide synergist.. 
( Control bins discontinued due to high insect le\·eIJi. 

Time 

(Months) 

Mean Percent 
Control ~'Iortality ± SEM 

Mean ± SEM 0.75 PPMb 2.00 PPM 

15.9 ± 2.4 100.0 ± 0.0 100.0 ± 0.0 

9.5t 3.8 100.0 ± 0.0 100.0 ± 0.0 

49.8 ± 19.1 100.0 ± 0.0 99.1±0.7 

26.8 ± 6.5 100.0 ± 0.0 100.0 ± 0.0 

38.3 ± 12.4 100.0 ± 0.0 100.0 ± 0.0 

22.9 ± 10.8 98.9 ± 0.7 100.0 ± 0.0 

15.6 ± 4.0 100.0 ± 0.0 100.0 ± 0.0 
100.0 ± 0.0 100.0 ± 0.0 
100.0 ± 0.0 100.0 ± 0.0 
100.0 ± 0.0 100.0 ± 0.0 

l\'lean Percent 
Control Mortality ± 8E1\'1 

Mean ± SEM 0.75 PPMb 2.00 PPM 

Mean Percent 
Control Mortality ± SEM 

0.75 PPMb Mean± SEM 2.00 PPM 

3.3 ± 1.4 100.0 ± 0.0 100.0 ± 0.0 

2.5 ± 1.2 100.0 ± 0.0 100.0 ± 0.0 

2.6 ± 2.1 96.6 ± 1.4 96.6 ± 0.7 

0.0 ± 0.0 92.5 ± 0.0 95.0 ± 1.2 

0.8 ± 0.7 97.5 ± 2.0 99.2 ± 0.7 

6.0 ± 0.6 90.2 ± 0.7 98.2 ± 0.7 

5.8 ± 3.0 97.3 ± 1.2 100.0 ± 0.0 

95.0 ± 3.1 97.5 ± 1.2 

97.5±1.4 99.2 ± 0.8 

97.5 ± 0.0 99.2 ± 0.8 
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Table 2.	 Mean number of emerging control insects and mean percent 
reduction of F I generation following exposure of adult insects 
to corn treated with either synergized or non-synergized 
tralomethrin.u 

Mean percent reduction ± SEM 

Species 
Time 

(Months) 
Control 

Mean± SEM 

0.75 ppm 
t.ralomethrin 

+ 3.75 ppm PBO 

2.00 ppm 
tralomethrin 

only 

S. zeamais 2 158.0 ± 24.7 100.0 ± 0.0 99.8 ± 0.2 
3 197.7 ± 10.4 100.0 ± 0.0 100.0 ± 0.0 
5 226.3 ± 14.5 99.9 ± 0.1 100.0 ± 0.0 
6 264.3 ± 3.9 100.0 ± 0.0 100.0 ± 0.0 
8 214.0 ± 25.5 100.0 ± 0.0 100.0 ± 0.0 

0. SlIrinamCIIsis 2 10.0 ± 1.5 100.0 ± 0.0 100.0 ± 0.0 
3 23.7 ± 13.6 100.0 ± 0.0 100.0 ± 0.0 
5 40.3 ± 15.4 100.0 ± 0.0 100.0 ± 0.0 
6 59.3 ± 24.9 100.0 ± 0.0 100.0 ± 0.0 
8 36.7 ± 5.8 100.0 ± 0.0 100.0 ± 0.0 

" Means based on lhrcm l"cplicalions. 

reached 23.3 ± 8.1 per bin at month 15. Rhyzopertha. domim:ca were practically 
undetectable in all bins until they began appearing in control bins at month 7 
033.0 ± 50.5 per trap). The highest numbers recovered from the treated bins 
were 1.0 (± 1.0 at 10 mo, ± 0.3 at 11 mol from the 2-ppm treatment. Less than 1 
was caught in all other bins. Cryptolestes spp. reached high levels in control bins 
at month 8 (760 ± 460 per trap). From the 2.00-ppm bins, a high of 17.3 ± 15.3 
were recovered at month 11. In the 0.75-ppm bins, 2 insects per bin at 11 rna was 
the maximum recovered. Tribolium castaneum in control bins reached a high of 
24.7 ± 7.2 at month 7 and 31.3 ± 10.4 at month 8 (data not shown). In the 0.75
ppm treated wheat, the maximum also occUlTed at month 8; 4.0 ± 0.6 per probe 
trap. In the 2.00-ppm bins, a maximum of 1.3 ± 1.3 beetle were caught at month 
8. At all other times less than 1 was caught. Very few moths were recovered from 
the pupation sites. A maximum of 8.7 ± 3.0 was recorded from control bins at 
month 7. This dropped to 1.3 ± 0.6 at month 8. The numbel' of moths collected 
from the treated bins was always :5 LO. 

Laboratory bioassays for S. zeamais, O. surinamensis. R. dOlninica, and T. con
{uswJt revealed 100% mortality initially for both tralomethrin treatments. S. zea
mnis exhibited high mortality (> 95%) from both formulations until 15 rno post
treatment (Table 3). Oryzaephilus surinamensis was the most sensitive of these 
four species to tralomethrin; both formulations killed 100% at all sampling times 
(Table 3). High control mortality in the control samples for both O. surinamensis 
and R. dominica throughout the test might be related to the fact that the original 
condition of the wheat was relatively good, resulting in few particles of food being 
available for consumption. 
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Fig. 5.	 Mean daily temperature of ambient ail' \vithin wheat bins (1' = 
tralomethrin application rate.) 

Rhyzopertha dominica was the second most sensitive species. After 14 d, mor
tality in both treatments usually exceeded 95% (Table 3). Tribolium can!usrun 
was the least sensitive of the four species. Mortality after 7 d exposure on wheat 
treated with O.75-ppm tralomethl'in was 30.4 ± 2.8%, excluding the abnormally 
high mortality at zero time. By 14 d, mortality had increased to 91.0 ± 2.4% 
between 2 and 12 mo. There appeared to be a slight decrease in mortality from after 
month 8. Mortality from the 2.00-ppm tl'alomethl'in was slightly higher between 2 
and 12 mo, averaging 40.3 ± 2.6% after 7 d and 98.1 ± 0.8% after 14 d. 

Percent suppression of the F I generation in jar tests was very high (Table 4). 
The O.75-ppm tralomethrin provided 2:: 99% suppression of Sitophi.lus spp. up to 8 
mo. Suppression of weevils by 2.00-ppm tralomethrin was also> 99% until 
months 6 and 8, when 97.8 ± 1.2 f X; and 89.1 ± 10.4% suppression occurred. Vcry 
high (> 98%) suppression occuned for R. dom.ill.ica and O. surinam.ensis at all 
times. Both treatments caused> 98% suppression at a]] times. 'Tribolium. con· 
{usum was detected in control samples only at 8 mo, when both formulations pro
vided > 99% suppression (data not shown). 

Measuring the eflectiveness ofthe treatments past month 8 when the control bins 
were discontinued was complicated by the increasing number of insects in the treat· 
cd bins. To estimate the treatments' eflectiveness at reducing the subsequent geneI'· 
ation, the number of each species in control samples to which no bioassay 
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Fig. 6. Mean moisture content of' wheat samples taken at various times after 
treatment with 0.75 ppm tralomethrin + 3.75 PHa or 2.00 ppm 
tralornethrin (T in figures refers to tralomethrin). 

insects has been added was counted. This was called the natural population. This 
number was then compared to the total number produced from samples in which 
adults had been added for bioassay. The large majority of recovered insects in 
months 12~ 15 were either S. oryzae or Clypt.olestes spp., although neither of these 
two species had been used for bioassay. Cryplolestes spp. were noted only at month 
15 in samples from one bin which had been treated with 2.00·ppm tralomethrin. 
Essentially no R. dominica or 0. slll'inamensis adults were produced from the treat
ment samples to which no laboratory insects had been added. Only S. zeamais pro
duced substantial numbers of adults. Roughly equal numbers of adults were pro
duced in the natural and bioassay samples from the 2.00-ppm treatment until 
month 15, suggesting that the laboratory strain of S. zeamais was not reproducing 
on the wheat and those we did recover were from an outside source, At month 15, 
162 ± 24.0 S. zeamai!i emerged fmID bioassays and only 10.3 ± 8.9 from the control 
or natural jars, suggesting that by month 15, the toxicity of tralomethrin had 
declined to levels permitting S. zeamais reproduction. Fewer adult S. zeamais were 
collected fmm natural and bioassay samples from the O.75~ppm treatment than from 
the 2.0-ppm treatment but roughly equal numbers of adults were produced before 
month 15 and higher numbers after month 15. 
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Fig. 7. Mean residue of tralomethrin and piperony! butoxide (PBO) on wheat 
following treatment with 0.75 ppm tralomethrin + 3.75 ppm PBO or 
2.00 ppm tralornethrin. The vertical bars represent ± 1 SEM; lack of 
vertical bars indicates the SEM was less than the width of the symbol. 

Discussion 

The high initial mortality observed in wheat and corn bioassays at month 0 may 
be related to the sorption kinetics as the insecticide partitions between different 
parts of the kernel or to the MC changes in the grain. Park and Kyle (1975) and 
Chang and Kyle (1979) showed that carbon tetrachloride sorbed onto wheat in a 
time dependent manner, reaching an equilibrium several days after treatment. 
They explained this process as being due to a seed coat resistance mechanism. Sam
son et a1. (1987) reported that increasing the Me of com decreased toxicity of feni
trothion. The increase in Me of our samples may likewise have contributed to the 
observed decrease in toxicity after the initial bioassay at month O. 

A likely sccoado to explain the difference in toxicity at zero time and thereafter 
is that the original deposits were mostly on the surface of the grains and easily 
available to the insects. As an equilibration was reached between surface and inter
nal deposits, toxicity declined, allowing increased survival of immigrants. Expert 
identification of the predominant infesting species was not perfonned until month 
8, at which time it was identified as rice weevil, S. oryzae. It seems likely that the 
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Fig. 8.	 Mean number of insects recovered from wheat bins (per probe trap for 
beetles) at various times post-treatment. The vertical lines represent ± 
1 SEM. Closed circles represent controls, closed triangles represent 
wheat treated with 0.75 ppm tralomethrin, and closed squares repre
sent wheat treated with 2.00 ppm LI"alomethrin. 

weevil infestation absen'ed in the control bins was the same species. Rice weevil 
might have sunrived in the tralomethlin environment due to a slight difference in 
sensitivity between species. 

Even though sampling the corn in the control bins was discontinued after 8 
months, we did not observe any increases in insect densities, any change in MC, or 
any change in mortality in the bioassays of the treated grain between months 8 and 
15. Although there were significant differences in MC in cOI'n samples within and 
between treatments, the biological significance may be inconsequential because the 
difTerences were small. One traditionaJ piece of evidence for an insect infestation is 
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Table 3. Mean percent mortality (± SEM) of Sitophilus zeamais, Oryzae· 
philus surinamensis, Rhyzopertha do"~inica, and Tribolium 
confusun~ following 14·day exposure to tralomethrin·treated 
wheat.n 

Mean Percent Mortality ± SEMTime 
Species (Months) Control 0.75 ppmb 2.00 ppm 

S. zeamais 0 O.O± 0.0 100.0 ± 0.0 100.0 ± 0.0 
2 8.5± 2.7 90.7 ± 2.1 84.0± 0.6 
3 10.1 ± 0.7 95.7± 0.8 93.6± 0.5 
4 13.2 ± 4.2 96.7 ± 1.7 96.9 ± 0.5 
5 G.9± 1.4 99.4 ± 0.0 100.0 ± 0.0 
6 9.1 ± 2.9 99.3± 0.5 97.1 ± 1.5 
8 28.8± 2.8 100.0 ± 0.0 91.4± 3.5 ,9 100.0 ± 0.0 97.S± 1.2 

12 99.2 ± 0.8 91.7± 5.1 
15 70.0 ± 11.8 17.5 ± 8.8 

O. surinamensis 0 81.3 ± 9.8 100.0 ± 0.0 100.0 ± 0.0 
2 47.2 ± 17.9 100.0± 0.0 100.0 ± 0.0 
3 82.4 ± 11.2 100.0 ± 0.0 100.0 ± 0.0 
4 70.8 ± 11.0 100.0 ± 0.0 100.0 ± 0.0 
5 67.5 ± 18.5 100.0 ± 0.0 100.0 ± 0.0 
6 37.5±17.4 100.0 ± 0.0 100.0 ± 0.0 
8 14.9 ± 7.3 100.0 ± 0.0 100.0 ± 0.0 
9 100.0 ± 0.0 100.0 ± 0.0 

12 100.0 ± 0.0 100.0 ± 0.0 
15 100.0 ± 0.0 100.0 ± 0.0 

R. dominica 0 80.8 ± 10.2 100.0 ± 0.0 100.0 ± 0.0 
2 56.7 ± 17.8 98.1 ± 0.7 100.0 ± 0.0 
3 83.3 ± 12.6 95.0 ± 0.7 100.0 ± 0.0 
4 78.3 ± 11.6 96.2 ± 0.7 100.0 ± 0.0 
5 73.3 ± 14.9 100.0 ± 0.0 100.0 ± 0.0 
6 60.0 ± 22.1 93.9 ± 2.0 100.0 ± 0.0 
8 15.8 ± 5.8 100.0 ± 0.0 100.0 ± 0.0 
9 100.0 ± 0.0 100.0 ± 0.0 

12 100.0 ± 0.0 100.0 ± 0.0 
15 100.0 ± 0.0 100.0 ± 0.0 

T. con{usum 0 G.7± 5.4 100.0 ± 0.0 100.0 ± 0.0 
2 3.3± 1.8 100.0 ± 0.0 99.1 ± 0.7 
3 5.0± 2.0 94.3 ± 2.6 100.0 ± 0.0 
4 2.5± 1.2 93.2± 1.8 97.4 ± 1.2 
5 1.7 ± 0.7 97.5 ± 1.2 LOO.D ± 0.0 
6 3.3 ± 0.7 93.1 ± 0.7 100.0 ± 0.0 
8 13.4 ± 0.6 85.7 ± 1.2 98.1 ± 0.7 
9 8L7± 1.4 96.7 ± 1.8 

12 82.5± 5.2 93.3 ± 6.7 
15 83.2± 6.1 63.8 ± 18.7 

.. Means based on three replications.
 
b Plus 3.75 ppm pipcronyl butoxide synergist..
 
c Cont.rol bins discontinued after 8 rno due to excessively high inMcct. populations.
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Table 4.	 Mean number of emerging control insects and mean percent 
reduction of F I generation following exposure of adult insects 
to wheat treated with either synergized or non-synergized 
tralomethrin.a 

Mean percent reduction ± SEM 

Species 
Time 

(Months) 
Control 

Mean± SEM 

0.75 ppm 
tralomethrin 

+ 3.75 ppm PBa 

2.00 ppm 
tralomethrin 

only 

S. zeamais 2 
3 
5 
6 
8 

568.0 ± 165.0 
861.3 ± 64.7 

1260.0 ± 92.3 
1152.0 ± 62.7 
319.0 ± 63.5 

99.3 ± 0.3 
>99.9 ± 0.0 
>99.9 ± 0.0 
100.0 ± 0.0 
99.1 ± 0.0 

99.2± 0.1 
>99.9 ± 0.0 

99.9± 0.1 
97.8± 1.2 
89.1 ± 10.4 

R. dominica 2 
3 
5 
6 
8 

70.3± 40.4 
19.0 ± 16.6 
83.0 ± 23.5 

152.7 ± 10.4 
668.0 ± 139.7 

98.6 ± 0.0 
98.3±1.7 

100.0 ± 0.0 
100.0 ± 0.0 
100.0± 0.0 

99.0± 
98.3 ± 

100.0 ± 
100.0 ± 
>99.9 ± 

0.5 
1.7 
0.0 
0.0 
0.1 

O. surinamellsis 2 
3 
5 
6 
8 

0.7 ± 
18.3 ± 

2.0 ± 
29.7 ± 
18.3 ± 

0.7 
10.2 

L.5 
28.2 

8.7 

100.0 ± 0.0 
100.0 ± 0.0 
100.0 ± 0.0 
100.0 ± 0.0 
100.0 ± 0.0 

100.0 ± 
98.2± 

100.0 ± 
100.0 ± 
100.0 ± 

0.0 
0.0 
0.0 
0.0 
0.0 

a Means based on three replications. 

the increase in Me caused by increased insect densities and mold respiration. Our 
data from corn bins agrees with that of Arthur et al. (1990) in which high insect 
catches from probe traps were not correlated with an increase in commodity Me. A 
parsimonious explanation could be that the control bin infestation may simply not 
have been large enough to allow sufficient moisture to accumulate. Another possi
bility is that we failed to sample in a local pocket of infestation having an Me high
er than the sunounding com. Me in wheat bins did increase proportionately as the 
number of insects increased. 

Large population increases were documented in the control bins from months 
6-8, while in the treated bins, populations increased minimally. Of particular 
interest is the decrease in populations of weevils and moths after their population 
peaked. Although this study was not designed to determine the cause, the decline 
could be due to a number of factors. One possible explanation might be predation 
by T. confusum feeding upon moth and weevil eggs and larvae. Another possibility 
is that parasites could be suppressing the population densities. We observed but 
did not quantify many hymenopterous insects in samples taken from control bins. 
A third explanation could be that the temperature inside the control bins had 
reached the upper limit of thermal tolerance for these species. As shown in Figures 1 
and 5, the mean temperature in the control bins peaked at ca. 37°C, which is close to 
the thermal tolerance of many stored product insects (Howe 1965). 
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Tralomethrin and PBO-synergized tralomethlin applied at 2.00 and 0.75 ppm 
appeared to control stored product insect pests for at least 8 mo. Population explo
sions in treated bins were prevented on corn and delayed on wheal. This agrees 
with the data from bioassays which measured residual toxicity and suppression of 
an F I generation. On both grains, :;:: 95% mortality and F I suppression usually 
occurred for all species except confused flour beetle. This would probably provide 
sufficient protection of both grains. In the United States, wheat can be stored for as 
long as 15 mo although < 3 mo is more common (B. Subramanyam, University of 
Minnesota, personal communication). 

Residue analysis revealed little change of residue over the 15 rna that residues 
were analyzed. Although tralomethrin was applied at either 2.00 ppm or 0.75 ppm, 
actual deposition was about two-thirds of the calculated rate. Such discrepancies 
are not unusual and are thought to arise from the insecticide bouncing off the grain 
stream, volatilization, and being blO\'ffi away in the air stream (Thomas et al. 1987). 
For example, Thomas et al. (1987) recovered 80% of the applied rate of chlorpyrifos
methyl and other organophosphates on wheat. Likewise. Bengston et al. (1983) 
reported an initial residue of deltamethrin on wheat of ca. 70% of the applied mte. 
The observed stability oftralomethlin is not surprising as similar results have been 
obtained for other photostable pyrethroids such as deltamethrin and pennethrin. 
Half-lives for phenothrin, deltamethrin and pennethrin have been reported as 59, 
91 and 141 wk respectively (Noble et al. 1982). The half-life of tralomethrin is at 
least 52 wk on wheat and longer on corn. This is in sharp contrast with organophos~ 

phates, which generally decay rapidly. Other insecticides such as sorbic acid and 
fenoxycarb also show little degradation over time (Dunkel and Read 1986, Kl'amer 
et al. 1985). The routes of decomposition which differ between insecticides may play 
a role in the rate at which insecticides degrade on grain. Other impOltant factors for 
organophosphate loss are the ability of water to hydrolyze each insecticide and the 
availability of watel'. Ultra-violet radiation, a primary mechanism of pyrethroid 
decomposition in field crop situations, is an inconsequential factor in degradation in 
storage situations. A long residual life has both advantages and disadvantages. A 
major advantage would be the protracted period of protection. A major disadvan· 
tage would be the increased number of generations of insects exposed to levels of 
insecticide which select for resistance. Maintaining high residue levels might pre
sent a regulatory hurdle for registration as well. 
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ABSTRACT Neonate larvae of pink bollworm (PBW), Pectinophora 
gossypiella (Saunders), were placed on 12- to 30-d-old bolls of PBW-resistant 
and susceptible lines of cotton, Gossypium hirsutum L. t in the laboratory to 
study larval penetration and survival. Also, moth emergence was determined 
in an experiment in which neonate larvae had been placed on artificial diet 
alone and on diets to which carpel, seed, or lint fractions of the boll, or 
solvent-extracted carpel malerial has been added. Bolls of T39C-I-L, a line 
resistant to PBW in the field, had fewer PBW entrance holes and shorter 
PBW mines than those ofT39C-1-H, a line susceptible to PBW in the field, 
Both T39C-1-L and T39C-I-H has more entrance holes than did the control 
cultivar, 'Deltapine 90', Larval survival was not different on the three lines, 
Larval response to bolls of different ages (12 to 30 d) was similar for all three 
cotton lines. Age of boll had no significant effect on number of entrance holes 
or dead larvae. Number of live larvae decreased as boll age increased. A 
curvilinear-quadratic response was shown between boll age and number of 
bolls with mines, and number and length of mines. lntermediat.c-aged bolls 
had more and longer mines than did younger or older bolls. Moth emergence 
was lowest on carpel diets of T39C-1-L, but also lower on carpel diets of 
'r3ge-I-H, than on control, seed, or lint diets of both cotton lines. When 
carpels ofT39C-L-L were extracted sequentially with methylene chloride and 
ethanol, moth survival was lower on diets to which the extracts had been 
added than on the control diet. The penetration and survlval data cast some 
doubt on the level of resistance to PBW of T39C-L-L, but the diet bioassay 
data show that constituents toxic to PBW reside in the carpel and in 
methylene chloride and ethanol extracts of carpel of this cotton line. 

KEY WORDS Pink bollworm, cotton, host-plant resistance, diet bioassay, 
Lepidoptera, Gelechiidae, Pectillophora gossypiclla, Gossypium hirsutum. 

Several sources of resistance in cotton, Gossypium. spp_, to pink bollworm 
(PBW), Pectinophora gossypiella (Saunders) have been identified (Wilson 1991). 
'Texas 39' is a race stock of Gossypium hirsutUlJ1, L., originally collected by 
Richmond and Manning in Chiapas, Mexico in 1946 (Percival 1987). \Vilson and 
\Vilson (1975) showed that 'Texas 39' had some resistance to PBW as measured 
by a bioassay in which carpel material had been added to the PBW artificial 

I Hcccivcd for publication 18 April 1991; accepted 20 December 1991. 

165 



166 J. Agric. Entomol. Vol. 9, No.3 (1992) 

diet. T39C-I-L is a line derived from an individual plant observed to have low 
PBW seed damage in a heavily PBW-infested field of 'Texas 39' at Tempe, Ari
zona. T39C-I-H is a sib-line that was selected for high seed damage at the same 
time. In subsequent tests, T39C-I-L consistently showed less seed damage than 
T39C-I-H, and also less than a susceptible control cultivar, 'Deltapine 61', in 
both artificially and naturally infested field plots (Wilson and George 1984), 

On the strength of those results, T39C-I-L has been used as a resistance 
source in our breeding program and attempts have been made to incorporate 
the resistance into a number of different genetic backgrounds. However, recent 
experiments have cast some doubt on the level of resistance of T39C-I-L (Wil
son 1990), 

The objectives of this study were to determine whether 1) larval penetration 
into bolls, and survival in bolls differed in artificially-infested bolls ofT39C-1-L, 
T39C-1-H, and the currently used control cultivar, 'Deltapine 90'; 2) boll age 
affected the number of PBW entrance holes, mines, larval survival, or the rela
tive PBW resistance of these three cotton lines; 3) the carpel resistance shown 
by 'Texas 39' was transmitted to the derived lines; 4) the resistance properties 
could be captured in solvent extracts of carpel material. 

Materials and Methods 

Seed ofT39C-1-L, T39C-1-H, and 'Deltapine 90' were planted in peat pots in 
a Western Cotton Research Laboratory (WCRL) greenhouse on 3 April 1990, 
Seedlings were transplanted to the field 2 wk later. Plants were spaced 46 em 
apart in rows 1 m apart. Beginning the week of 4 June and ending the week of 
16 July, open flowers were tagged daily. 

Larval Penetration and Survival Study. At each harvest date, 10 green 
bolls of a given age I'rom each cotton line were harvested and transported to the 
laboratory, Over the course of the study, bolls ranged in age from 12 to 30 d (a 
19-d span), Bolls were actually harvested on 26 different dates, between 19 
June and 8 August. This unbalanced data set resulted from a surplus of tagged 
bolls of certain ages, especially those from the early, expanding portion of the 
seasonal flowering curve. 

The involucellar bracts were removed from each boll and the peduncle of 
each was inserted through a hole drilled into the cap of a 5-cm diam by II-em 
tall water-filled vial. The 10 bolls from each cotton line were arranged side by 
sidc and considercd as an experimental unit. One hundred fifty neonate larvae 
of PB\V, from the WCRL strain, established from a native population in Marico
pa Co., Arizona, and maintained in culture 19 yr at the \VCRL (A. C. Bartlett, 
'\VCRL, personal communication), were placed on each lO-boll unit (15 larvae 
pel' boll) with the aid of a soft brush, Bolls were left undisturbed for 24 h, After 
24 h, PBW entrance holes were counted, then the 10 bolls fl'om each cotton line 
were placed in a separate plastic box and incubated for 7 d at 27 ± 2°C and 80% 
RH, After incubation, bolls 'Nere cracked open and the numbers of live and dead 
larvae were counted. PBW mines that occurred in the internal cUt'pel wall were 
counted and measured. 



167 WILSON and SJ\HTH: Pink bollworm·Resistant Colton 

Bioassays. To evaluate the two T39C- lines for antibiosis, boll material was 
used that had been harvested at 3 wk of age (from a separate experiment in 
1988), separated into carpel and boll contents fractions and lyophilized (Wilson 
and Wilson 1974). The lyophilized boll contents were separated into seed and 
lint and the three boll fractions were stored in sealed polyethylene bags in the 
laboratory. 

Carpel, seed, and lint fractions were ground to a powder in a laboratory mill. 
Diets were prepared by mixing 17 g of either carpel, seed, or lint powder into 2 
liters of artificial diet (Wilson and \Vilson 1974). Each of those diets and a con
trol diet were poured into twenty five 16.6-ml clear plastic cups. Cups were cov
ered with paper towels and held in an incubator at 27 ± 2°C and 80% RH for 24 
h, providing a diet with optimum moisture content. After 24 h, each cup was 
inoculated with one neonate PBW larva. Survival on the diet and subsequent 
development were measured by the number of moths that emerged. 

In a follow-up study, carpel material ofT39C-I-L was sequentially extracted 
with methylene chloride, a non-polar solvent and with ethanol, a polar solvent. 
The residue, after ethanol extraction, was treated as a separate fraction. 

To produce the methylene chloride-soluble fraction, 32.07 g of lyophilized 
carpel material was finely ground in a blender, then immersed in 500 ml of 
methylene chloride, stirred vigorously at ambient temperature, and steeped 
overnight. The mixture was stirred 1 h additionally, then gravity-filtered 
through fluted filter paper. The filtrate was evaporated in vacuo. A second 
quantity (31.61 g) of carpel material was extracted; the two quantities that were 
extracted yielded 1.29 g of methylene chloride-soluble material. 

To produce the ethanol soluble fraction, the solid remaining after extraction 
with methylene chloride was stirred at ambient temperature with 250 rol 
ethanol for 2 h, stored overnight, and then filtered with a Buchner funnel. The 
ethanol filtrate was evaporated in vacuo, then lyophilized. The two quantities 
that were extracted yielded 2.87 g of ethanol-soluble material. 

The soluble fractions and the insoluble residue were prepared for addition to 
the artificial diet. The methylene chloride-soluble fraction (1.29 g) which formed 
a hydrophobic, highly pigmented, intractable paste, was mixed in enough water 
to cover the paste, then lyophilized, ground with alphacel, and mixed into 2 
liters of diet. The ethanol-soluble fraction (2.87 gl was mixed into 2 liters of diet 
as an aqueous solution. The insoluble fraction (53.08 g), prepared as an aqueous 
slurry, was lyophilized to a light cream-colored granular material and blended 
into 2 liters of diet as a solid. 

Five sets of diet cups (54 cups per set) were prepared, as follows: 1) control 
(no plant material added); 2) 17 g of lyophilized cal'pel added to 2 liters of diet.; 
3) methylene cWoride-soluble fraction; 4) ethanol-soluble fraction; 5) insoluble 
fraction. Each cup was inoculated with one neonate PB\V larva and monitored 
as described above. 

Analysis of Data. For the larval penetration and survival study, summed 
data for each lO-boll set were used to calcuJate means and variances for each cot· 
ton line. Attribute data (numbers of entrance holes, larvae, and mines) that con
sisted of whole numbers were transformed to logarithms; those that contained 
zeroes were transformed to square root of (x + 0.5) (Gomez and Gomez 1984). 
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Mine-length data were untransformed. A t-test was used to compare pairs of 
cotton-line means. The appropriate transformed or untransformed mean data 
for each boll age were used for regression analyses of the insect parameters ver
sus age of boll. Differences between regression coefficients were tested for sig
nificance with a i-test (Ott 1977). 

For the bioassay study, the numbers of live and dead insects, as measured by 
moth emergence, were compared among diets with the use of chi-square test for 
independence (Ott 1977). 

Unless otherwise indicated, differences were considered significant if P < 
0.05. 

Results 

Larval Penetration and Survival Study. T39C-I-L, when compared with 
T39C-I-H, had significantly fewer PBW entrance holes and shorter mines, but 
did not differ significantly in any other parameter measured (Table 1). When 
compared with 'Deltapine 90', T39C-1-L had significantly more entrance holes, 
hut fewer and shorter mines per entrance hole, and more dead larvae per mine. 
When compared with Deltapine 90, T39C-1-H had significantly more PBW 
entrance holes but fewer live lan'ae and mines per entrance hole. 

Table 1.	 Pink bollworm larval penetration, behavior, and survival in 
bolls of three cotton lines. 

Cotton linell,1J 

Parameter T39C-1-L T39C-1-H DPL-90 

Entrance holeslboll 4.27 b 5.18 a 3.44c 
Live larvaelboll 1.55 1.37 1.38 
Dead larvaelboll 0.27 0.20 0.12 
Bolls with mines (of 10) 7.19 7.80 7.39 
Mineslboll 1.98 2.41 2.59 
Length mineslboll (mm) 13.37 b 21.83 a 19.33 ab 
Live larvaelent. hole 0.38 ab 0.28 b 0.43 a 
Dead larvaeJent. hole 0.06 0.05 0.03 
Mincslent. hole 0.52 b 0.49 b 0.87 a 
Length mines/ent. hole (mm) 3.72 b 4.36 ab 6.56 a 
Live larvae/mine 1.28 1.08 1.05 
Dead larvae/mine 0.15 a 0.09 ab 0.05 b 
Length mines/mine (mm) 6.46 b 8.49 a 6.90 ab 

"Means are based on 260 bolls and 151arvac per boll. 
b Mcans for the three cotton lines with different Jetter(s) are significantly different according to a t

test (p < 0.05) (means were compaf(~d two-by-two), 
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Age of boll had no significant effect on number of entrance holes for any of 
the cotton lines. For number of live larvae (Fig. la), results were similar 
(regression coefficients were not significantly different), i. e., larval survival 
decreased as boll age increased. 

For all three cotton lines a curvilinear~quadratic response was shown for the 
regression on boll age of number of bolls with mines (Fig. Ib), number of mines 
per 10 bolls (Fig. Ie), and length of mines per 10 bolls (Fig. 1d). In each case, 
highest values were associated with intermediate-age bolls. Regression curves 
were very similar for number of bolls with mines and number of mines per 10 
bolls for the three cotton lines. The curve for length of mines in T39C-I-L 
appeared to be less pronounced than the curve for T39C-l·H, but nevertheless, 
regression coefficients were not significantly difierent. 

Bioassay Study. Moth emergence was significantly lower from larvae 
reared on cm'pel diets than on control diets for both cotton lines (Table 2). How
ever, moth emergence was not significantly diflerent on the seed or lint diets 
than on the control diets for either line. Moth emergence on T39C-1-L carpel 
diet was not significantly lower than that on T39C-l·H carpel diet. 

In the T39C-I-L solvent extraction study, moth emergence was significantly 
lower on the carpel diet (P < 0.01), the methylene chloride diet (P < 0.01), and 
the ethanol diet (P < 0.05) but not on the diet that contained the insoluble frac~ 

tion, when compared with emergence on the control diet (Table 3). 

Discussion 

The fewer PBW entrance holes in bolls ofT39C-1-L than in those ofT39C-1-H 
(18% reduction in this study) are consistent with the earlier finding than T39C
1-L sustained less seed damage in the field than did T39C-1-H (26 to 48% 
reduction; \Nilson 1990, Wilson and George 1984). The shorter mines in the 
internal carpel walls of T39C-1-L than in those or T39C-1-H do not seem to be 
important because larval survival was equal in both lines. 

In fact, equal larval survival in bolls of the two T39C·lines suggests that seed 
damage in this experiment \-"ould not have been lower in T39C-I-L than in 
T39C-I-H. However, bolls were infested with an unusually high number of lar
vae to insure penetration. [n nature, numbers would be much lower (except 
very late in the season) and fewer entrance holes would probably lead to lower 
seed damage. Also, laboratory-reared larvae were used which could have 
behaved diflerently than native larvae. 

An unexpected result was the lower number of entrance holes in bolls of "Deltap
ine 90' than in those of the two T39C- lines. This difference could have been affected 
by boll size, because bolls of 'Deltapine 90' are significantly smaller than those of the 
T39C- lines. Bolls were not 'Neighed in this experiment, but in an earlier one (F. D. 
Wilson, unpublished data), seedcotton per boll was 4.64 ± 0.21 g in T39C-1-L and 
3.66 ± 0.18 g in 'Deltapine 90', a significant difference (t = 3.54, 18 df, P < 0.01). 
Even with the adjustment for boll size, results suggest that bolls ofT39C-1-L (0.92 
entrance holes per g of seedcotton) were not less susceptible to larval penetration 
than those of 'Deltapine 90' (0.96). Even though 'Deltapine 90' had more 
and longer mines and fewer dead larvae than did T39C-1-L, it did not have 
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Fig. 1. Live larvae of pink bollworm (PBW) and PBW mines in incubated green 
bolls of thl'ee cotton lines; (a) logarithm of number of live larvae per 10 
bolls; (b) logarithm of number of bolls with mines; (e) logarithm of num
ber of mines per 10 bolls; (d) length of mines (mm) per 10 bolls. 



171 WILSON and SMITH: Pink bollworm-Resistant Cotton 

Table 2. Pink bollworm moth emergence from artificial diet and artifi
cial diet containing carpel, seed, or lint fractions from cotton 
bolls ofT39C-1-L and T39C·1·H. 

Percent moth emergencea, b 

Diet 

T39C-1-L 

Mean X2 

T39C-1-H 

Mean X2 

Control 
Carpel 
Seed 
Lint 

81.3 
16.7c 
71.4 
77.3 

14.2** 
0.6 
0.1 

76.9 
42.9 
58.6 
80.8 

4.6* 
2.5 

" ., u. Difference between carpel and control diet is significant, according to a chi-square lest for inde
pendence (1 df; P < 0.05 and 0.01, respectively). 

b Chi square values are those for cont.rol diet vs. test diet. 
C Emergence not significantly lower on T39C-l-L carpel diet than all T39C-I-H carpel diet (X2 = 2.67. 1 

df, P > 0.10). 

Table 3. Pink bollworm. moth emergence from artificial diet and artifi~ 

cial diet containing whole carpel of T39C~1·L and carpel 
extracted from various organic solvents. 

Percent moth emergencea. b 

Diet Mean 

Control 88.9 
Whole Carpel 68.5 6.7** 
Carpel Extracts: 

Methylene chloride 68.5 6.7** 
Ethanol 74.1 3.9* 
Insolubles 79.6 1.2 

U *, *'\ Differences between control and other diets arc significant, according to a chi-square test. for 
independence (I df; P < 0.05 and 0.01, respectively). 

b Chi square values are those for conlrul vs. test diets. 
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more live larvae, so expected number of' damaged seeds would not have been 
different. In the only direct comparison of field results, seasonal seed dam
age for T39C-1-L was 9.7 ± 1.9% and for 'Deltapine 90' was 13.3 ± 2.1%, a 
nonsignificant difference (F. D. Wilson, unpublished data). 

The relationship that was observed between boll age and live larvae 0. e., 
the number of live larvae decreased as bolls aged}, differed in some respects 
from earlier reports. Van Steenwyk et aI. (1976) infested bolls of 'Deltapine 
16' (n = 12 to 45) from 8 to 42 d old with four neonate larvae per boll and 
observed that the number of live larvae decreased as boll age increased up 
to 42 d. In their study, survival was reduced markedly after 20 d, when 
numbers became very low and stayed low thereafter. They attributed those 
low numbers to the fact that carpel walls became more difficult to penetrate 
after 22 d, i.e., larvae tried but failed to penetrate the carpel wall. McLaugh
lin (1972) infested bolls of 'Deltapine 16' (n = 50) from less than 5 to more 
than 25 d old with two neonate larvae per boll. He found 100% penetration 
but no survival in bolls less than 5 d old, 90 to 95% survival during penetra
tion, and 81 to 98% survival inside bolls 5 - 25 d old. However, larvae did 
not penetrate bolls more than 25 d old. In the present study, larvae equally 
penetrated bolls of all ages presented to them 0. e., 12 to 30 d old). 

On the other hand, intermediate-aged bolls (ca. 3 wk) provided a better 
environment for larval mining than either younger or older bolls. 

The results of this study raise some question about the level of resistance 
to PBW of'T39C-1-L. Certainly, based on reduced seed damage, T39C-1-L is 
less susceptible to PBW than its sib-line T39C-1-H and a previously used 
susceptible control cultivar. 'Deltapine 61' nVilson and George 1984). How
ever, it has not been shown conclusively that it is less susceptible than the 
more recently developed cultivars 'Deltapine 90' (as shown above) or 
'Stoneville 825' (Wilson 1990). 

T39C-1-L does not seem to be as good a source of resistance as our resis
tance standard AET-5 or another resistance source 'Stoneville 7A' okra leaf 
(Wilson 1990, Wilson et al. 1992). However, based on early field results, 
T39C-I-L has been used as a source of resistance in the breeding program at 
Phoenix. Over 5 yr (1985 to 1989), in artificially infested plots, 19 of the 33 
cultivar X resistance source progenies selected for resistance (of 400+ evalu
ated), had T39C-1-L as a source of resistance. Thus, it appears that T39C-1-L 
has been an effective source of PBW resistance even though recent results 
have been equivocal. 

The bioassay data suggest that T39C-I-L may have constituents in the 
carpels that are toxic to pink bollworm, and that those constituents can be 
extracted and concentrated in organic solvents. 
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compensate for evaporation. Five minutes prior to sampling, the water in each 
tank was stirred slowly to attain equal mixing of the dissolved diflubenzuTon. 
Water temperature at the time of sampling ranged from 17 to 23°C, while pH 
averaged 8.17 ± 0.03. 

Mosquito larvae used in the bioassays were reared from eggs of an insecticide
susceptible laboratory colony of Ae. aegypt.i received from the Medical and Vet
erinary Research Laboratory, U. S. Department of Agriculture, Gainesville, 
Florida. Twenty-five late third-instal' larvae were collected with an eye dropper 
and placed on filter paper strips, then immediately transferred to separate 250~ 

m] glass beakers containing 200 rnl of water from each respective tank. One
half milliliter of a 10 glIiter liver powder suspension was added to each beaker 
as a food supplement. Efficacy of each diflubenzw'on formulation was based on 
the inhibition of adult emergence. Each sample, as well as the control, was mon
itored until all individuals eit.her emerged or died. Water volume in each beaker 
was restored when necessary to compensate for evaporation. Adult inhibition 
data was corrected for natural adu.lt inhibition in the controls using a modified 
formula of Abbott (1925). Mortality values in this formula were substituted with 
adult inhibition values obtained from the bioassays. Adult inhibition in the con
trols did not exceed 10%. 

Diflubenzuron concentration of each formulation in the treated tanks was 
determined by using a modified assay of Knapp and Ellis (1975). A standard 
dose-inhibition curve using third-instal' Ae. aegypti was first obtained by using 
serial dilutions of a 1% weight/volume solution of diflubenzuron (99.0% IAIl, 
Thompson Hayward, Kansas City, Missouri) in a range of 0.0001 to 0.01 ppm. 
Water samples from each tank and each time interval were diluted in a range of 
1:10 to 1:100 (water sample: dechlorinated tap water), because undiluted \"Iater 
samples had resulted in 100% adult inhibition. The percent adult inhibition ...vas 
then related to its corresponding diflubenzuron concentration from the standard 
dose-inhibition line. This concentration was then multiplied by the dilution 
ratio to calculate the final diflubenzuron concentration of the undiluted water 
sample. The materials and methods used in these bioassays were similar to 
those mentioned earlier for the efficacy tests and were conducted at. 25°C. 

Concentration data were analyzed using a repeated measures analysis of 
variance with time as the repeating factor (Steel and Torrie 1980). In the event 
that formulation, time and their interaction were significantly different, a one 
way analysis of variance was perfm'med on the data at each time interval. Mean 
comparisons of each formulation were compared at each sample interval and 
significant differences were determined by a paired t~test. Differences in all 
data analyses were considered significant at P < 0.05. 

Undiluted water samples from both formulations resulted in 100% inhibition 
of adult emergence for each sample interval through 6 wk. The diflubenzuron 
concentration from the 5% plaster fonnulation at 3, 6, and 24 h was significantly 
greater than the 2% plaster formulation (Table 1). The concentration of the 2% 
plaster formulation peaked at week 1, while the 5% formulation peaked at week 
2. After week 1, the difiubenzut"on concentration of the 5% formulation remained 
significantly greater than the 2% formulation. At 6 wk the concentration of 
diOubenzuron in the tanks treated with the 2% formulation declined to 0.013 
ppm; Jess than one third the concentration recorded 0.5 h (0.042 ppm) after 



Table 1. Concentration (ppm ± SE) of two diflubenzuron plaster formulations in water analyzed at various time 
intervals, based on Aedes aegypti adult dose inhibition line for technical diflubenzuron. 

Formulation 0.5 h 3h 

Time after treatmenta 

6h 9h 12 h 

C"l 
t" 
'";>: 
~ 

2% pellet 0.039 ± 0.004 a 0.017 ± 0.001 a 0.039 ± 0.011 a 0.016 ± 0.004 a 0.030 ± 0.007 a "
5% pellet 0.026 ± 0.001 b 

18 h 

0.046 ± 0.002 b 

24h 

0.130 ± 0.008 b 

30 h 

0.028 ± 0.006 a 

48 h 

0.020 ± 0.002 a 

1 wk 

9 
e 
"" c

", 
" ~ 

" 2% pellet 

5% pellet 

0.022 ±0.003 a 

0.029 ± 0.003 a 

0.018 ± 0.004 a 

0.170 ± 0.034 b 

0.170 ± 0.002 a 

0.210 ± 0.050 b 

0.213 ± 0.016 a 

0.240 ± 0.070 a 
0.298 ± 0.070 a 

0.700 ± 0.100 a 

"0.
~ 

:;', 
"0 
!'. 

2 wk 3wk 4wk 5wk 6wk ~ •,. 
'" 

2% pellet 

5% pellet 

0.290 ±0.100 a 

0.900 ±0.050 b 

0.140 ± 0.011 a 

0.900 ± 0.050 b 

0.096 ± 0.030 a 

0.710 ± 0.060 b 

0.062 ± 0.010 a 

0.710 ± 0.060 b 

0.013 ± 0.001 a 

0.140 ± 0.004 b 

~. 

~ ,. 
~ 

a Means in each column followed by the sume letter are not significantly different (P > 0.051, paired t-test. 
0 

~ 
" "g. 
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treatment. During the same time period the diflubenzuron concentration of the 
5% formulation was 0.14 ppm, five times greater than the concentration at 0.5 h 
(0.026 ppm). 
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ABSTRACT Twenty two species of ground beetles (Coleopt.cra: Carabidae) 
were captured in pitfall and emergence traps during three growing seasons 
in Georgia grasslands. Abacidus seu/ptus (LeConte), Harpalus pensyluanicus 
DeGeer, Evarthrus unicolor (Say), Scarite.c; subterraneus guadriceps 
Chaudoir, and S. subterraneus subterraneus F. comprised 94% of the 
individuals which were collected. Pitfall trapping was the most effective 
sampling method. Effects of grazing on catch size and composition were 
inconsistent over locations and years. 

KEY WORDS Insecta, Carabidae, beetles, grasslands. 

Ground beetles (Coleoptera: Carabidae) are important components of many 
agroecosystems (Rivard 1964, 1966, Kirk 1971), including fields of barley 
(Frank 1971a), alfalfa (Barney and Pass 1986a, Lester and Morrill 1989), corn 
(Lesiewicz et aJ. 1983, Dritschilo and Wanner 1980), tobacco (Hylton et al. 
1985), and apple orchards (Holliday and Hagley 1978). Carabids represented 
93% of over 8000 insect specimens captured in pitfall traps in alfalfa and 
sainfoin in Montana (Lester and Morrill 1989). Pitfall traps are the most 
commonly used tool for estimating presence and activity of carabid species. 

Trap catch size is a function of population density as well as activity, and 
can be expressed as "activity density" (Morrill et al. 1990). Small catch size does 
not necessarily indicate low population density, as individuals must be active 
and moving to be captured (Kirk 1971). Activity density has been shown to be 
affected by insecticides (Gholson et al. 1978), tillage (Tyler and Ellis 1979), and 
cultural practices (Lester and Morrill 1989). 

Seed-feeding carabids may sometimes be agricultural pests (Metcalf et al. 
1962) but carabids also are predators of pest insects. Carabids are known to 
attack cutworms (Frank 1971b), cereal aphids (Scheller 1984, Griffiths et al. 
1985), and alfalfa weevil larvae (Barney and Pass 1986a). Individuals of some 
species also feed on weed seeds (Kirk 1972) and decaying organic material 
{Johnson and Cameron 1969, Best and Beegle 1977, Lund and Turpin 1977}. 

Grasslands are important reservoirs for beneficial and destructive insects 
that disperse to other habitats (Morrill 1978). This survey reports activity 
density of carabids in important pasture grasses in the Piedmont Plateau and 
Appalachian Mountains in Georgia. 

I Received for publication 20 May 1991; acceptl.>d 13 January 1992. 
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Materials and Methods 

Ten pitfall traps (Morrill 1975a) were placed in each field and were operated 
from mid-April through November. Cattle management, predominant grasses, 
field locations in Georgia. and sample years were: grazed fescue in Putnam Co. 
during 1974 and 1975, Union Co. during 1974, 1975, and 1976; ungrazed fescue 
in Putnam Co. during 1974 and Union Co. during 1974; and grazed Bermuda 
grass in Putnam Co. during 1974. Fields were of various sizes ranging 9-36 ha. 
Insects were removed at approximately 2-wk intervals. 

Ten emergence traps with aluminum wire screen (6 by 6 mesh per em) collec
tion cones covering 0.7 m2 (Morrill 1975b) were operated in each field. Heavy 
rigid wire gate sections were placed around each trap to provide protection from 
grazing cattle. Emergence traps were installed and serviced at the same time 
as the pitfall traps. T\venty-five sweeps were taken with a 3S-em diam sweep 
net each time pitfall traps were serviced in 1975 and 1976. 

Insects were identified and counted in the laboratory. Representative speci
mens were sent to P. M. Choate (Dir. of Plant Industry, Florida Dept. of Agri
culture, Gainesville) for verification of identifications. Carabid species were cat
egorized as wcommon" when more than 25 total individuals were captured over 
the entire sampling period or "rare" when fewer than 25 were collected. Trapping 
records of common species, prevalence and locations for all species are presented. 
Also, numbers of individuals of the five most commonly captured species during 
each year for each location and habitat are presented. Total individuals from each 
habitat for each year were compared by using the Berger-Parker Dominance 
Index, expressed as dominance = Nma/NT where Nmax = total number of indi
viduals of the species and NT = total number of individuals for all species 
(Southwood 1978), Seasonal activity densities of Harpalu.s pensyluanicus 
DeGeer and Adacidwi seulptus (LeConte) were shown for locations and during 
years when many individuals were captured. 

Results and Discussion 

The basic pattern of composition of carabid populations in the grassland com
munities was similar to that described by Southwood (978), that is, a few 
species were represented by many individuals and many species were repre
sented by a few individuals. Over the sampling period, 1,613 indi\';duals repre
senting 22 species were collected (Table 1). Species richness in these communi
ties (13 and 18 species from Union and Putnam Co., respectively) was less than 
that which was reported in other habitats. For example, Frank (1971a) collect
ed 63 species in a barley field in central Alberta. Kirk (1971) found 127 carabid 
species in cropland in South Dakota. In Tennessee, Hylton et al. (1985) cap
tured 86 species in a tobacco field, 58 species in a hay/pasture field, and 49 
species on the border of a woodland. Rivard (1966) captured a lower number of 
species in a pasture than in cropland. Differences in methodology may have 
affected the sampling precision of these studies, although pitfall traps were 
used in all cases. 

No consistent pattern in the effects of grazing on catch size or diversity was 
observed (Table 2). Carabid activity could have been affected by grass height, 
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Table 1.	 Species of carabids captured in pitfall and emergence traps in 
grasslands in Georl,";'a, 1974-76. 

Prevalence a 

Species	 Union Co. Putnam Co. 

Abacidus seulptus (LeConte) 
Amara crassispina LeConte 
Amara cupreolata Putzeys 
Amara impuncticollis Say 
Anisodaetylus furuus LeConte 
Anisodactylus ouularis Casey 
Anisodactylus rusticus (Say) 
Anisodactylus santaecrucis (F.) 
Calosoma sayi Dejean 
Dicaelus dilatatus Say 
Dicaelus elongatus Bonelli 
Dicaelus furuus Dejean 
Euarthrus siqillatus (LeConte) 
Evarthrus unicolor (Say) 
Evarthrus vi/wtus LeConte 
Galerita lcconiei Dejean 
Harpalus caliginosus F. 
Harpalus pensyluanicus DeGeer 
Pasinwchus marginal.us F. 
Scarites subterraneus 

quadriceps Chaudoir 
Scarites subterraneus 

subterraneus F. 
Stenocrepis 

quatuordecimslriata Chaudoir 

Rare 
None 
None 
Rare 
None 
Rare 
None 
Rare 
None 
None 
Rare 
None 
Rare 
Rare 
Rare 
Rare 
None 
Common 
None 

Common 

Common 

Cornman 

Common 
Rare 
Rare 
None 
Rare 
Rare 
Rare 
None 
Rare 
Rare 
Rare 
Rare 
Rare 
Common 
Rare 
None 
Rare 
Common 
Rare 

Common 

Common 

Rare 

"Species with less than a total of 25 individuals cnptured in nil locations during the entire project were 
c1assilied as "rn!"e", more than 25 wefe "common~. 

for grass 'was taller in ungrazed fields. Grazing and management are known to 
encourage active species and colonizers of disturbed land (Eyre et a1. 1989). 
Grass species also may have influenced carabid populations. More than twice as 
many individuals were captured in Bermuda grass than in fescue in 1974. 

Five species, Adacidus seulptus, Harpalus pensyluQnicusJ Euarthrus ullicalor 
(Say), Scariles subterraneus quadriceps Chadoir, and S. sublerraneus subterraneus 
F, represented 94% of the total catch. According to the Berger-Parker Dominance 
Index, H. pensyluanicus was dominant in the mountainous fields in Union Co. but 
A. sculptus was predominant in Putnam Co. in the Piedmont Plateau (Table 3). 
Other individual species made up 8% or less of the total catch. 

There were two peaks of activity density of H. pensylvanicus in Union County 
(Fig. 1). The early summer peak was suppressed in Putnam County (Fig. 2). 



1976 

Table 2. Numbers of individuals of prevalent species of carabids captured in pitfall traps in grasslands in Georgia. 
~ 

'" '" 
Putnam County Union County 

1974 1975 1974 1975 

Fescue Bennuda Fescue Fescue Fescue Fescue 

Grazed Ungrazed Grazed Grazed Grazed Ungrazerl Grazed Ungrazed Grazed Total 

;-
Abacidus > 

sculptus 48 68 130 100 0 2 1 4 0 353 '1 
~ 

Harpalus '" pensylvanicus 26 84 99 156 151 274 10 0 190 990 S 
~ 

3 
~ 

Evarthrus <unicalor 2 4 0 33 2 2 2 0 4 49 ~ 

.'"Sea rites Z 
subterralleus ? 

quadriceps 0 0 1 0 2 4 18 0 7 39 Co> 

;:: 
'" ScarUes ~ '"

subterraneu.'i
 
subterraneus 15 8 22 12 8 12 8 0 3 88
 

Total 
(including 

other species) 91 164 252 301 163 294 39 4 204 1512 
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Table 3. Berger-Parker Dominance Index<' of commonly captured cara
bids in grasslands in Georgia. 

Putnam Co. Union Co. 

Species 
Grazed 

Bermuda 
Grazed 
Fescue 

Ungrazed 
Fescue 

Grazed 
Fescue 

Ungrazed 
Fescue 

Harpalus 
pensylvanicus 0.36 0.42 0.48 0.84 0.94 

Abacidus seulptus 0.50 0.34 0.38 a 0.02 

Anisodaetylus 
ovularis 0.02 0.01 

Evarthrus unicolor 0.08 0.02 0.02 0.01 

Evarthrus uinctus 0.01 0.03 a 0.01 

Euarthrus 
sigillatus 0.03 0.01 0.01 0.01 

Scariles subterraneus 
quadriceps 0.04 0.01 

Searites subterraneus 
subterraneus 0.08 0.06 0.05 0.05 0.01 

o Dominance =NmaxINT. where Nmllx =number of individuols of selected species, and NT =total num
ber or individuals of all species (Southwood 1978). 

Harpalus pensylvanicus feeds on seeds as well as dead and living inverte
brates (Best and Beegle 1977). Peak activity coincided with prepupal periods of 
lepidopterous larvae in corn (Lesiewicz et al. 1983). Harpalus pensylvanicus 
was a predominant species in Tennessee (Hylton et al. 1985), Kentucky (Bar
ney and Pass 1986a), Dlinois (Dritschilo and Wanner 1980), and North Carolina 
(Lesiewicz et al. 1983). Care must be used when numbers of individuals of vari
ous species are compared, for some are more likely than others to be captured 
(Morrill et al. 1990). 

Anisodactylus sculptus activity predominantly occurred in the fall (Fig. 3). 
Nearly all carabids are univoltine, and may be "spring breeders" which overwin
ter as adults, or "fall breeders" which overwinter as larvae (Erwin et 801. 1976). 
Barney and Pass (1986b) suggested the early season peaks represented emer
gence of overwintering adults, while the late peaks appeared to be species 
which overwinter as larvae. 



184 J. Agric. Entomol. Vol. 9, No.3 (992) 

8 

-"~ 1974 -j- 1975 

M 
E 
A 
N 

6 

N 
0 

B 
E
 
E
 
T 
L
 
E
 
S 
/ 
T 
R 
A 
P 

4 

2 

6/1 7/1 6/1 9/1 10/1 11/1 12/1 

COLLECTION DATE 

Fig. 1. Seasonal activity of Harpalus pensyluanicus measured with pitfall traps 
in grasslands in Union Co., Georgia. 
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Fig. 2. Seasonal activity of Harpalus pensylvanicus measured with pitfall traps 
in grasslands in Putnam Co., Georgia. 
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Fig. 3. Seasonal activity of Abacidlls sculptus measured with pitfall traps in 
grasslands in Putnam Co., Georgia. 
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Only five species of c8rabids were captured in emergence traps. Harpalus 
pensyluaniclls was the most commonly captured species. An average of 5.8 and 
12.4 individuals/trap/yr were captured in emergence and pitfall traps, respec
tively. The only species which was captured exclusively in emergence traps was 
Anisodactylus santaecrucis (F.). 

Emergence traps were designed to capture insects which emerged from the 
soil beneath the trap cone, and were effectively used for monitoring scarabs 
(Coleoptera: Scarabidae) (Morrill and Dobson 1978). However, to be efTective, 
insects had to climb up the cone and enter an upper retention container. There
fore, individuals which did not climb were not caught. Also, carabids actively 
forage in the soil, and probably escaped from the traps by passing under the 
cone edges. In addition to capturing fewer carabids, emergence traps were more 
expensive, difficult to install, and harder to maintain than pitfall traps. 

No carabids were collected in sweep-net samples. Nocturnal plant-inhabiting 
carabids were not collected because sweep-net samples were taken only during 
daylight. 

In conclusion, carabids represent an important group of predators in grass
lands, although the biology and feeding preferences of many species are not 
known. Carabids attacked armyworm larvae during an outbreak of fall army
worm Spodoptera {rugiperda (J. E. Smith), in Spalding and Pike Co., in 1977 
(personal observations). Early-season activity would be more important than 
late-season activity because pest populations could be reduced early in the for
age producing period. Carabid management should be considered in pest man~ 

agement programs for grasslands. 
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ABSTRACT Selected carbamate and pyrelhroid insecticides were studied 
La determine if insecticide applications for southwestern corn borer, Diatraea 
grandiosella Dyar, would induce outbreaks of Banks grass mite, Oligonychus 
pratcllsis (Banks), on field corn, Zea mays (L.). Field·applied insecticides 
included carbaryl, carboruran, cypermethrin, fenva!crale, and pcrmethrin. 
The carbamate insecticides, carbaryl and carbofuran, did not significantly 
affect spider mite populations. Applications of the pyrethroid insecticides 
werc associated with occasional increases of spider mite dcnsities. Spidcr 
mite predator densities were very low and were not affected by insecticides 
applied for southwestern corn borer control. Therefore, spider mite increases 
following pyrethroid applications were not strongly related to the number of 
predators. In laboratory vial bioassays, O. pratellsis was very susceptible to 
carbofuran, less susceptible to cypcrmcthrin, fcnvalerate, and permethrin, 
and very tolerant to carbaryl. 

KEY WORDS Arachnida, Oligol/.)'chw; pratensis (Banks), DiatmeCL grandi
w;clla Dyar, secondary spidel' mite outbreaks, carbamate, pyrcthl'oid, AC3,·i, 
Tctranychidac. Lepidoptera, Pyralidae. 

Economical production of corn, Zea. "toys (L.), in irrigated semiarid areas of 
the U.S. is threatened by two pests; southwestern corn bore)" Dialraea 
grandiosella Dyar, and Banks grass mite, Oligonychu.s pratensis (Banks). 
Southwestern corn bOl'er control relies on insecticides and cultural practices to 
prevent damage caused from larvae tunnelling inside the corn stalk (Mock et at. 
1981, Archer et al. 1983). Multiple insecticide applications are needed from the 
tasselling to dent corn growth stage to control second generation corn borer 
infestations, These insecticide applications often coincide with the time spider 
mite densities are increasing rapidly. Thus, some entomologists have speculated 
that insecticides applied for southwestern corn borer control help promote 
secondary outbreaks of spider mites on corn (Schweissing 1973, Archer and 
Bynum 1978, Hirnyck 1983). 
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Spider mite outbreaks following application of insecticides are attributed to 
chemical repellency which causes spidel' mites to disperse and form more 
colonies on a plant, direct and indirect stimulation of spider mite reproduction 
by pesticide residues, and mortality of predators (Huffaker et al. 1969, Leigh 
and Wynholds 1980). Pielou (1962) reported that carbaryl did not improve 
oviposition or repel Tetranychus telarius (Linn.) and concluded that spider mite 
outbreaks following carbaryl applications for codling moth control were caused 
by predator mortality. Other research reported that carbaryl stimulates the 
reproductive potential of Tetranychlts Itrticae Koch (Dittrich et al. 1974). Sec
ondary spider mite outbreaks have been associated with the use of pyrethroid 
insecticides. Pyrethroids are noted for being highly toxic to predaceous phytoseiid 
mites (Roush and Hoy 1978, Wong and Chapman 1979) but spider mites have 
increased following pyrethroid applications even when predators were not present 
(Hoyt et al. 1978, Hall 1979). The latter response is generally attributed to 
pyrethroid spider mite repellency and reproduction increases associated with 
avoidance behavior of spider mites (Ittner and Hall 1983, Penman and Chapman 
1983). Spidel' mite outbreaks in corn may be subject to several of the same condi
tions causing spider mite outbreaks in orchard and other crop ecosystems. 

Insecticide applications for southwestern corn borer control are limited to car
bamate and pyrethroid insecticides. We conducted field studies to determine if 
Banks grass mite outbreaks would occur following carbaryl, carbofuran, cypenne
thrin, fenvalerate, and permethrin applications for southwestern corn borer con
trol. In addition to the field studies, laboratory bioassays were conducted to deter
mine the level of spider mite susceptibility to these insecticides. 

Materials and Methods 

Field Trials. Plots were arranged in a randomized block design with either 
three (1981) or four replications (1979, 1982, 1983). Each plot was four rows wide 
(1-m centers) by 15 m long. Corn was planted 18 April 1979, 8 April 1981, 22 
April 1982, and 10 April 1983. Corn hybrids planted were Funk's 5405, NC+ 69, 
PX 74, and Horizon 871 for each respective year. Trials were conducted in com
mercial fields in the southern Texas panhandle when spider mites were well 
established and damaging corn. Agronomic practices common for producing corn 
in the semiarid high plains were used. 

Insecticides were applied with a hand·operated, C02-pressured spray boom 
equipped with five or six nozzles and calibrated to deliver 93.5 literlha of spray 
solution. The spray boom was held above the corn plants and horizontally across 
the two center rows of a plot. Five insecticides were evaluated; carbaryl <Sevimol 
4 and Sevin XLR; Rhone-Poulenc Agricultural Co., Research Triangle, North Car
olina), and carbofuran (Furadan 4F; FMC Corp. Agricultural Chemical Group, 
Philadelphia, Pennsylvania) in 1979 and 1981; cypermethrin (Cymbush 3E; ICI 
Agricultural Products, Wilmington, Delaware), fen valerate (Pydrin 2.4E; E. I. du 
Pont de Nemours & Co., Wilmington, Delaware), and permethrin (Ambush 2E; 
leI Agticultural Products, Wilmington, Delaware, and Pounce 3.2E; FMC Corp. 
Aglicultural Chemical Group, Philadelphia, Pennsylvania) in 1982 and 1983. Mul
tiple applications of each insecticide were made to simulate the normal practices 
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for southwestern corn borer control. All insecticide treatments were applied during 
corn growth stages 5.0 (tassel) to 8.0 (beginning dent) (Hanway 1971). Applications 
were initiated on 7 August 1979, 16 July 1981, 28 July 1982, and 4 August 1983. 

Spider mite and natural enemy numbers were monitored 1 d before 7, 14, 
and 21 d after spraying (in 1979), in 1981 at 2 d before and 5, 8, and 15 dafter 
spraying; in 1982 at 1 d before and 5, 7, 14, and 21 d after spraying; and in 1983 
at 1 d before and 4, 8, 13, and 20 d after the first application. Arthropod densi
ties were determined by counting female spider mites and associated predators 
on five corn plants per plot from leaves at leaf positions 4 and 5 in 1979 and leaf 
positions 3, 4, and 5 in the other years. Leaf position 1 was the lowest leaf on a 
plant that was at least one-third green and apparently functional. Based on 
Gilstrap et al. (1980) findings, sampling female spider mites on corn leaves at 
the described leaf positions would provide an adequate measure of spider mite 
densities over time. Spider mite densities at each count date after the initial 
application were converted to incremental mite-day indices that were calculated 
from the previous count date (Ruppel 1983). Data from each experiment were 
subjected to general linear models (GLM) analyses, and protected least signifi
cant differences (LSD) tests (SAS Institute 1987). Differences were considered 
significant at P = 0.05. 

Laboratory Trials. Banks grass mites were collected annually from com
mercial corn fields to provide fresh laboratory cultures for bioassay testing. 
Identification of the spider mites were based on the empodial claw (Pritchard 
and Baker 1955). Cultures were kept under artificial light (14:10 L:D) at 24 ± 
3°C and 30 ± 10% RH. 

In 1981, laboratory trials were conducted using slide dip procedures to evalu
ate toxicity of discriminating doses of formulated insecticides (ESA 1968). 
Dosages were based on field rates if applied to plants in 935.4 literlha. Field 
rates and ppm equivalent (mg of AI per liter) of the insecticides were: carbaryl 
(Sevin XLR, 1.12 [1198 ppm) and 2.24 kg [Al]lha [2396 ppm]); carbofuran 
(Furadan 4F, 0.84 [899 ppm) and 1.12 kg [AI]/ha [1198 ppm]); fenvalerate 
(Pydrin 2.4E, 0.056 [60 ppm) and 0.112 kg [Al)!ha [119 ppmll; and permethrin 
(Ambush 2E, 0.112 kg [Alliha [119 ppml, and Pounce 3.2E, 0.112 kg [Al)!ha 
[119 ppm]). Between 70 and 100 adult female spider mites were attached to 
glass microscope slides by double-sided adhesive tape. Three slides were dipped 
in each insecticide concentration for 5 s and held at 24 ± aOc and 30 ± 10% RH 
for 24 h before mortalit.y was assessed. Three slides with female spider mites 
were dipped in 1:1 mixture of acetone and deionized water for 5 s. These slides 
were used as the control to determine natural mortality. Each insecticide con
centration and untreated controls were assayed three to six times. Analysis of 
covariance (SAS Institute 1987) was used to determine differences in spider 
mite mortality among treatments (P = 0.05). Means were separated with Least 
Squares Means procedure (SAS Institute 1987). Data from the bioassays for a 
treatment were pooled and analyzed for corrected percent mortality (Abbott 
1925). If mortality was ~ 10% in the untreated control, the trial was discarded. 

Vial bioassays (Bynum et al. 1990) were conducted from 1986 to 1988 with 
technical grade carbaryl, carbofuran, cypermethrin, fen valerate, and permethrin 
insecticides for Banks grass mite dosage-mortality response. Serial dilutions 



192 J. Agric. Entomol. Vol. 9, No.3 (1992) 

were prepared by mixing technical grade chemical in acetone. Clear shell vials 
(3.7011) were treated with 0.1 011 of a chemical concentration. Vials treated 
with acetone only were used as controls. Nine to eleven female adults were 
placed in each vial. Five to eight concentrations (ppm AI) of each chemical were 
evaluated in 9-21 replications. Mite-infested vials were held at room tempera
ture and mortality was assessed after 24 h by examining spider mites with a 
stereomicroscope. Spider mites were considered dead if repetitive leg movement 
was not visible when they were disturbed. If mortality in the untreated control 
was> 10%, data were corrected using Abbott's formula (Abbott 1925), If the 
untreated control mortality was ~ 20%, the trial was discarded. Regression lines 
were estimated with standard probit analyses based on corrected data (SAS Insti
tute 1988), Slopes ± SE and LC50 in ppm (95% CL) were used to compare Banks 
grass mite response to an insecticide. 

Results 
Field Trials. Carbamate insecticides did not produce significant increases in 

spider mite densities, as shown by the mite-day indices (Table 1). However, each 
permethrin formulation, Ambush (1982) and Pounce (1983), and fen valerate 
(1983) significantly increased spider mite densities over those in the untreated 
plots 2-3 wk after application (Table 2). The mite-day indices for cypermethrin 
were not significantly different than those in untreated corn. 

Predators observed among O. pratensis colonies included: phytoseiid mites 
(Acari: Phytoseiidae); Chrysopa sp, (Neuroptera: Chrysopidae); Orius sp, 
(Hemiptera: Anthocoridae); predatory thrips (Thysanoptera: Thripidae); and Hip
podamia convergens Guerin-Meneville, Scymnus sp., and Stethorus sp. 
(Coleoptera: CoccinelJidae). Statistical analyses indicated no significant difference 
(P> 0.05) in predator densities among treatments in any year. Predator densities 
in 1979 and 1981 averaged less than one predator on the 2-3 leaves sampled per 
plant on any date in the carbamate treatments and untreated corn 0979; pre
application [F =0,50, df = 12, P = 0_7394], 4-day IF = 0.88, df = 12, P = 0,5032]. 
14-day [F = 0,81, df = 12, P = 0,5409], 21-day [F =0,22, df = 12, P = 0,9234] and 
1981; pre-application [F = 0,50, df = 6, P = 0,6973], 4-day [F = 0,71, df = 6, P = 
0,5799J, 7- to 8-day [F = 1.0, df = 6, P = 0,4547], 14-day [F = 4,38, df = 6, P = 
0,0590), Predator numbers in pyrethroid treatments were between 2,9 and 5.4 
predators at the start of the experiment in 1982 but were nevel' higher than 2,5 
predators on the corn leaves after chemical application. Predator densities in 
untreated plots started with 2.0 predators but declined below 0.5 predators at the 
end of the experiment 0982, pre-application [F =0,73, df = 12, P =0,5878), 4-day 
[F = 1.36, df = 12, P = 0,3063), 7-day [F = 2_66, df = 12, P = 0,0850), 13-day [F = 
1.49, df = 12, P =0,2672), 20-day [F =1.02, df =12, P =0.4360]). In 1983 predator 
numbers were never higher than 1.5 predators on the three leaves sampled per 
plant (1983, pre-application [F = 1.07, df = 12, P = 0.4125), 4-day IF =0,77, df = 
12, P = 0.5671], 7-day [F =2,96, df =12, P =0,0647], 13-day [F = 1.00, df =12, P = 
0.4449], 20-day [F =2,06, df =12, P =0.1489)), 

Laboratory Bioassay. Commercial formulations of carbaryl, carbofuran, 
fenvalerate, and permethrin provided different levels of spider mite mortality 
using the slide dip procedure (Table 3). Carbaryl caused very little spider mite 



Table 1. Banks grass mite densities following carbamate chemical applications timed for southwestern corn 
borer control. 

'i no. 

Trade Intervals of Rate mites/pit. ± S.E. 

Name Chemical application kg(Al)1ha pre-3pplicationlJ Incremental Mite-days/plant ± S.E. at days after 1st application" 

1979 -1 Day 7 Day 14 Da)' 21 Day 

Sevimol4 Carbaryl oday 1.12 58.4 a ± 21.9 970n± 260 1733 a ± 397 2188 a ± 515 

Sc\'imoI4 Carbaryl 0,7 day 1.12 76.8 a ± 14.9 1751 a ± 710 2607 a ± 922 2514 a ± 464 

Sevimol4 Carlml)'l 0.7.14 day 1.12 76.7 a ± 33,4 1399 a ± 518 2449 a ± 807 2905 a ± 761 

Furadan Carbofuran 0.10 day 1.12 122.3 a ± 47.0 2217a± 975 3184 a ± 1343 3036 a ± 857 

Control 72,4 a ± 12.7 2101 a ± 975 3269a± 1061 3137 a ± 375 

1981 ·2 Day 5 Da)' 8 Da)' 15 Day 

ScvinXLR Carbaryl 0,6 day 1.12 205.4 a ± 192.8 3251 a ± 2945 2199a± 1762 7143 a ± 2285 

Sevin XLR Carbaryl 0.6. 14 day 1.12 60.0 u ± 27.3 1211 a ± 764 1117 a± 835 5242 a ± 2159 

Furadan Curbofuran 0.6 day 1.12 62.4 a ± 28.0 924 a± 516 514 u ± 268 4180 a ± 395 

Control 75.4 a ± 31.8 1414 a ± 859 13183 ± 869 7076 a ± 530 

" Means in each column for cHch year followed by the samc Icttcr IIrc not stlltistically different at. the 5<;<, level (LSD option of SAS GLM procedure ISAS Institute 
1987». 



Table 2. Banks grass mite densities following pyrethroid chemical applications timed for southwestern corn 
borer control. 

x no. 

Intervals of Rate mites/pit ± S.E. 
Incremental Mite-days/plant ± S.E. at days after lBt applicatiod'l 

Trade Name Chemical application k~t(AI)lha pre-applicutionO 

1982 -1 Day 5 Day 7 Day 14 Day 21 Day 

Pounce 3.2E Penncthrin 0,10 day 0.14 144.1 a ± 67.8 693 a ± 234 210n ± 29 1226 a ± 147 2465 ab ± 291 

Ambush 2E Permethrin 0,10 day 0.14 139.9 a 1 67.1 733a±181 254 at 26 1404 a ± 134 2850 a ±447 
'-Pydrin 2.4E Fcn\'ulerate 0.10 day 0.14 136.7 a ± 25.6 824u±271 271 a1 99 1104 a ± 241 1949 b ±348 
>-

Cymbush Cypermethrin 0, to day 0.11 156.6 a ± 60.7 886 a ± 286 292 a± 54 1346a± 188 2022 b ± 425 "-' 
3E 113.6 a ± 27.4 618 a ± 107 195 a± 16 1097 It ± 228 1874 b ± 355 fj' 

Control ;'. '" 
-1 Day 4 Day 8 Day 13 Day 20 Day 0 

3 
1983 Permcthrin 0,10 day 0.14 76.2 a ± 22.6 570 a ± 159 680 a ± 191 1412 ab ± 290 1689ab±317 2-
Pounce 3.2E Permcthrin 0, 10 day 0.14 53.4 a ± 19.9 435a±211 5168±197 1059 be ± 284 1418 be ± 261 <: 

?'-Ambush 2E Fen\'aleratc 0,10 day 0.14 48.8 a ± 15.4 651u±259 823 a ± 327 1573 n ± 458 1810 a ± 365
 

Pydrin 2.4E Cypermelhrin 0, 10 day 0.067 39.7 a ± 10.9 362 a± 127 454 a± 158 936 c ± 298 1239c ± 319 .'"
 
Z 

49.2 a ± 15.9 380 a ± 137 524 a ± 220 989 c ± 382 1157 c ± 290 ~ 

;::;'" 
" .Means in each column for each year followed by the same letter are not statistically different at the 5% level (LSD option of SAS GLM procedure [SAS Insdtute 

1987)). '" 
t='"
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Table 3.	 Response of Banks grass mite to commercial formulations of 
carbamate and pyrethroid chemicals using a slide dip proce· 
dure,1981. 

xno. live mites/assay 

% 
Chemicals ppm Na Oh 24 h LSMEANb Control 

CarbarylC 1198 6 226.7 200.2 216.9 ab 11.7 
CarbarylC 2396 3 306.3 275.3 261.2 a 10.1 
Carbofurand 899 3 351.0 22.3 -9.0 d 93.6 
Carbofurand 1198 3 310.7 25.7 9.8 d 91.7 
Fenvaleratec 60 3 313.3 16.3 -0.5 d 94.8 
Fenvaleratee 119 3 240.7 10.3 21.4 d 95.7 
Permethrinf 119 3 238.7 81.0 92.8 c 66.1 
Permethring 119 3 213.0 181.2 203.4 b 14.9 

a Number of assays conducted with each chemical.
 
b Means in the column followed by the same letter are not. statist.ically different at t.he 5% level (Analy.
 

sis of Covariance, LSj"mAl"JS ISAS Instit.ute W871). 
e Sevin XLR, 1.12 and 2.24 kg (AI/lha. 
d Furadan 4F. 0.84 and 1.12 kg: (Al}ll1a. 
" Pydrin 2.4E 0.056 and 0.112 kg (AI }/ha. 
rAmbush 2E, 0.112 kg (AI)/ha. 
If Pounce 3.2E, 0.112 kg: (AI)/ha. 

mortality. CarbofuTan and fenvalerate dosages were equally effective in killing 
spider mites. This would indicate that field rates should be toxic to spider mites 
if spider mites are exposed to chemical residues. 

In laboratory trials using the vial technique, the lowest LCso was obtained 
with carbofuran (Table 4). The LCso for cypermethrin was slightly lower than 
fenvalerate and permethrin, but the overlap in confidence limits indicates that 
there are no differences among these insecticides. Also, there was little or no 
difference in the LCso for cypermethrin or permethrin when chemicals were 
assayed against Banks grass mites from different years. Spider mites were 
highly tolerant of carbaryl, which resulted in a vcry poor fit of the carbaryl data 
to the probit model. 

Discussion 

In apple and pear orchards spider mite infestations can be present for 21 wk 
and spider mite outbreaks have been reported after thrce to seven chemical 
applications (Hall 1979, Bower and {{aldar 1980, Riedl and Hoying 1980). In 
our research, Banks grass mite infestations did not develop on corn until later 
plant growth stages and lasted only 2-3 wk following chemical application. 
Even with a relatively short infestation period on corn, there were occasions 
when O. pratensis infestations increased following application of pyrethroids, 
excluding cypcrmethrin, to corn. There was no conclusive evidence that changes 
on O. pratensis populations were from pyrethroid applications suppression 
predators. Predator densities were never statistically different between 
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Table 4.	 Response of Banks grass mite to selected carbamate and 
pyrethroid technical grade chemicals using a vial bioassay. 

bChemicalsO N slope ± SE LCso (95% CL) Year 

Carbaryl 297 0.27 ± 0.13 >10,000 (-) 1987 
Carbofuran 456 0.76 ± 0.09 4 (2-7) 1987 
Cypermethrin 665 0.79 ± 0.13 137 (15-342) 1986 
Cypermethrin 1021 0.79 ± 0.08 37 (21-62) 1987 
Fenvalerate 467 1.30 ± 0.15 201 (139-267) 1986 
Permethrin 808 0.72 ± 0.22 204 (13-281) 1986 
Permethrin 898 0.79 ± 0.19 179 (62-482) 1987 
Permethrin 514 1.22 ± 0.11 211 (155-274) 1988 

"Cypennethrin and permethrin were assayed with mites from cultures collected 
in different years. 

b LCsO value expressed as ppm of insecticide. 

sprayed and unsprayed plots. Penman and Chapman (1983) reported that 
pyrethroid insecticides induce dispersal of twospotted spider mite, T. u,rticae, to 
untreated leaf surfaces which may contribute to spider mite outbreaks. This 
same type of response may occur in corn. Uneven distribution of spray droplets 
in the corn canopy following aerial applications of insecticides (Bynum and 
Archer 1986) would provide spider mites ample opportunity to avoid insecticide 
residues. 

The LCso dosage-mortality levels for technical grade cypermethrin, perme
thrin. and fenvalerate indicate that spider mites were similarly susceptible to 
the pyrethroids ('fable 4). But, spider mite mortality in the laboratory with 
Pydrin, Pounce and Ambush, showed spidel' mites responding differently to for
mulations and dosages equivalent to field rates (Table 3). The method of confin
ing spider mites on slides with the slide dip bioassay may have contributed to 
the high percentage of spider mite mortality with Pydrin. Under field conditions 
spider mites probably would avoid leaf surfaces treated with fenvalerate (lftner 
and Han 1983). Even though the active ingredient of both Pounce and Ambush 
is permethl'in, laboratory diO'erences in spidel' mite mortality may be due to 
slight differences with their commercial formulations. Chapman and Penman 
(979) reported less tox.icity to twospotted spider mite, T. urticae. and European 
red mite, Panonychlls ulmi (Koch), with wettable powder formulation of 
pyrethroids than with emulsifiable formulations. Although spider mite out
breaks were not always detected following pyrethroid applications, the 
pyrethroids, excluding cypermethrin, do appear to have the potential of increas
ing spider mite populations. 

The poor toxicity of carbaryl in the field and the high level of tolerance exhib
ited by spider mites to carbaryl in laboratory trials indicated a potential for 
rapid spidel' mite increases following field applications. This response to car
baryl by O. praten.sis was reported by Schweissing (1973) because carbaryl use 
reduced predators densities. Pike and Allison (1987) reported significant 
increases in mobile life stages of T. u.rticae when carbaryl was applied to sweet 
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corn for control of corn ear'worm, Helicoverpa zea (Boddie) (= Heliothis zea Bod
die). The field trials in the present study did not indicate that carbaryl applica
tions induced Banks grass spider mite outbreaks, possibly because few preda
tors ,,"'ere present in sprayed fields. Carbofuran was a good acaricide for O. 
pratensis mortality in the laboratory. Daniels (1978) reported that carbofuran 
provided 100% control of O. pratensis on corn. In the present studies carbofuran 
did not control spider mites nor contribute to spider mite outbreaks. Hirnyck 
(1983) found that Banks grass mite responses were similar to those in the cur
rent studies following carbaryl, carbofuran, and permethrin applications to corn 
for control of western bean cutworm, Loxagrotis albicosta (Smith), in Nebraska. 
Also, Hirnyck (1983) reported similar toxic responses with Banks grass mite to 
carbofuran and permethrin in laboratory trails using the vial technique. 

Selecting an insecticide for southwestern corn borer control will depend on 
the efficacy of the chemical to the target pest and the expected risk of inducing 
spider mite outbreaks. All insecticides studied herein provide good control of 
the southwestern corn borer but most pyrethroids appear to have a greater 
potential for causing Banks grass mite outbreaks than do carbamates. 
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ABSTRACT In the search for more selective control options which might 
be integrated with biological control, an efficacy trial was conducted against 
black scalc, Saisselia aleae (Olivier), on Valencia oranges in Riverside, 
California. Three insect growth regulators (fenoxycarb, methroprene, and 
tcflubenzuron), abamectin, and narrow-range oil were compared against a 
standard non-selective spray, carbaryl. Abamcclin and tellubenzuron were 
tested at four 2-wk intervals, to evaluate the impact of liming of the 
treatment on efficacy. All tested materials significanlly reduced black scale 
levels and compared favorably with carbaryl. However, the timing of these 
treatments in relation to black scale phenology greatly affected their 
efTectiveness. 

In addition, dispersal of young scale between trees was monitored to 
determine the impact of dispersal on the trial. This was important because in 
some cases, heavily infested untreated trees bordered the treated single-tree 
plots. Significant dispersion of crawlers was shown to occur from heavily 
infested trees to lightly infested trees, but in this case, did not appear to 
confound the trial. 

KEY WORDS Black scale, Saisselia oleae, Coccidae, Homoptera, chemical 
control, insect growth regulators, citrus, dispersion. 

Black scale, Saissetia oleae (Olivier), is a sporadic pest of citrus and olive in 
California. Primary damage is due to contamination of fruit by sooty mold 
which grows on honeydew excreted by the scale. Large numbers of black scale 
in a citrus tree can result in defoliation, fruit drop, twig dieback, and in extreme 
cases, death of the tree (Ebeling 1950). 1n California, a fairly diverse natural 
enemy complex has been established after many years of intended and 
accidental parasitoid introductions (Bartlett 1978, Kennett 1986), but natural 
enemies fail to consistently keep this pest under economic control. partially due 
to interference by pesticides (Bartlett 1963). 

Black scale on citrus usually has one generation per year in the interior 
region of California and is bivoltine in the coastal areas. The life cycle of black 
scale has been described by Quayle and Rust (1911). Male black scale are 
present, although rare, in California. Females are able to reproduce 
parthenogenetically and lay an average of 2,000 eggs pCI' female. Eggs are 

1 Received for publiclition 24 AUl,'Ust 1991; acrept£d 6 February 1992. 
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protected under the partw'ienl scale until they hatch after about 3 wk in the 
summer (4-6 wk in the winter) and leave the mother as first instal' nymphs or 
"crawlers", which are mobile and move about until they settle, usually on 
leaves. First instar mortality is quite high, primarily due to desiccation dUl;ng 
hot and dry weather (Mendel et al. 1984). In the summer, 4-6 wk after eelosion 
(8 wk or longer in winter), black scale undergoes its first molt. The second molt 
into the adult stage (third instal') occurs 10-12 wk later (in summer; after a pro
longed period in winter). Young scale migrate from the leaves to the twigs some
time between the first and early third instal', and adult scale are generally 
found on green or grey wood. In univoltine regions, about 8-10 rna after the sec
ond molt, the adult female begins egg-laying as compared to 4-5 mo in the bivol
tine coastal region (L. J. L., personal observation). The oviposition period lasts 
6-8 wk or longer. 

By the time scale reach the early third instar, they are protected by a thick 
waxy cover which prevents desiccation and reduces the impact of pesticides. 
Thus, it is the unprotected first and second instars which are generally most 
vulnerable to pesticides. 

The negative impact of broadspectrum pesticides on beneficial insects impor
tant in citrus pest management is well documented (Bellows et a1. 1985, Morse 
and Bellows 1986, Morse et al. 1987, Bellows and Morse 1988). For example, 
the most common black scale parasitoids, Metuphycus bartletti Annecke & Myn
hardt, M. helvolus (Compere) and Scutellista ca.erulea (Fonscolmbe) are very 
susceptible to most broadspectrum materials (Bartlett 1953, Bartlett 1963, Vig
giani and Bianco 1974). 

Oil is a relatively selective option for black scale control on citrus (Morse and 
Bellows 1986, Bellows and Morse 1988). In laboratory trials, oil was shown to 
be relatively harmless to M. helualus and M. luteolus (Timberlake> (Bartlett 
1953, Bartlett 1963). Viggiani and Bianco (1974) found that oil sprays likewise 
resulted in low mortality of S, caerulea. The disadvantages to the use of oil for 
control of black scale on citrus are its high cost and relatively low efficacy 
against black scale. Moreover, oil can be injurious to the tree if it is not used 
carefully (Penny 1932). 

Insect growth regulators OGR's), a new class of compounds introduced in the 
1960's, are potentially useful in integrated control programs because of their 
high target pest specificity. even within insect families, and low mamma)jan 
toxicity (Staal 1975, Hollingworth 1976). Staal (1975) notes two potential draw
backs to the successful use of JGR's against Coccidae. First. a lack of synchro
nization in development (such as is seen with black scale populations in coastal 
regions of California where bivoltine generations overlap) might require multi
ple applications of the IGR. To a lesser degree, this is also a problem with tradi
tional pesticides used against asynchronous black scale populations. Secondly, 
since black scale have a relatively long developmental period and IGR's act only 
on critical stages in the life cycle, such as during molts, the impact of treatment 
may not be rapidly apparent unless direct mortality occurs. In addition, an 
insect may not be killed until after development through the stage which causes 
economic damage. 

IGR's found effective against black scale in laboratory tests include metho
prene (PeIeg and Gothilf 1981) and fenoxycarb (Frischknecht and MUller 1976, 
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Peleg 1982). Teflubenzuron is also known to control certain Homoptel'a (Sagen. 
muller et al. 1989). Frischknecht and Muller (1976) reported that fenoxycarb 
affected coccids by causing early instal' mortality and hatching disturbances. 
The fecundity of black scale surviving a fenoxycarb treatment may also be 
adversely affected, causing future generations to be reduced in size (Peleg 
1983a), even if outright mortality is not high. Methoprene applied against first 
and second instal' black scale resulted in a complete inhibition of growth and 
eventual mortality (Peleg and Gothilf 1981). Teflubenzul'On acts primarily as a 
stomach poison and chitin inhibitor, but may also affect embryogenesis (Sagen
muller et al. 1989). 

The potential effects of fGR's on beneficials associated with citrus are varied. 
Staal (1975) noted that Hymenoptera appear to be minimally affected by IGR's, 
whereas Coleoptera are generally more adversely affected, although not as 
severely as by most insecticides. Frischknecht and Miiller (1976) suggested that 
hymenopterous endoparasitoids may be less sensitive to IGR's because they are 
specifically adapted to an internal host environment with varying juvenile hor
mone levels. 

Recognizing the potential for insect pesticide resistance, environmental con
cerns, and the potential adverse impacts of pesticides on biological control 
agents, it is clear that alternatives to broadspectrum pesticides need to be 
developed. A major requirement for improved integrated pest management on 
citrus in southern California is the availability of an effective but selective con
trol option which could be used to reduce economic populations of black scale 
with minimal disruption of natural enemies of black scale and other major cit
rus pests. Whereas IGR's show promise in this respect, without field testing it is 
unclear whether such materials are practical and effective. The objectives of 
this field study were to: 1) compare a traditional broadspectrum treatment such 
as carbaryl against highly specific materials, including several insect growth 
regulators; 2) evaluate alternative timings of treatments; and 3) consider the 
impact of dispersal of black scale young on the field efficacy trial. 

Material and Methods 

Efficacy Trial. An efficacy trial was conducted during the summer of 1989 
in a grove of Valencia oranges (Citrus sinensis fL.\ Osbeck) at the University of 
California Citrus Research Center, Riverside. Treatments included abamectin 
at 0.002 g (A.I.)lliter (Agri-Mek 0.15 EC [emulsifiable concentrate], Merck, 
Sharp, and Dohme, Three Bridges, New Jersey) + 1.2% narrow-range 440 oil 
(Union Oil, Los Angeles, California); carbaryl at 1.0 g (Al.)/liter (Sevin 80% \VP 
[wettable], Rhone-Poulenc, Research Triangle Park, North Carolina); fenoxy
carb at 0.056 g (A.I.)/liter (Insegar 25 WP, Maag, Vera Beach, Florida); metho
prene at 0.158 g (A.I.)/liter (SAN-8101 5% WP, Sandoz, Des Plaines, lIIinois); 
1.4% narrow-range 440 oil; and teflubenzuron at 0.158 g (A.U/liter (CME-13411 
10 EC, EM Industries, Hawthorne, New York). 

]n this trial, 90 trees were included in a pre-count on 5 July 1989 when the 
predominant black scale stage was ovipositing adults. Both percentage-infested 
tv,rigs and the number of adult females pel' twig were determined using a sample 
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size of twenty I5-em twigs per tree. Five twigs were selected randomly from 
each Quadrant of the tree (north, south, east, and west) and were examined in 
the field (adult black scale are easily observed with the naked eye). Based on 
the pre-count, 65 of the 90 trees were assigned to 5 blocks so that the 13 trees 
within each block had similar pre~treatment levels of scale. One tree from each 
block was then randomly assigned to each of the 13 treatments. Due to grove 
size constraints, no buffer trees were used. Trees were hand-sprayed with a 
Hardie hand-gun at 35.2 kg/cm2 (500 psi) (ca. 42.2 liters/tree) during early 
morning hours when wind was minimal so as to avoid drift. The first seven 
treatments, consisting of abamcctin, carbaryl, fenoxycarb, methoprene, narrow
range oil, tef1ubenzuron, and an untreated control, were applied 12 July 1989. 
Six further treatments, three later timings of both teflubenzuron and 
abamectin, were applied at 2-wk intervals (26 July, 9 August, and 23 August 
1989) and together with the two initial sprays of these two materials (12 July 
application), formed four timing trials. 

The first post·treatment evaluation was conducted by counting both the 
number of black scale on leaves and the percentage infested leaves, with 20 
leaves sampled per tree. Five leaves were randomly selected at chest height 
from each quadrant of the tree and were examined in the laboratory using a dis
secting microscope. To compare results of the four timing trials, the first post
count was taken 1 rno after each application and the same untreated control 
trees were recounted each time. On 6-7 December 1989, approximately 3 rna 
after the last timing treatment, a second postcount was taken which included 
all test trees. This sample consisted of 20 twigs per tree, since the majority of 
the scale had migrated to the twigs by this time. 

The third post-count was conducted in the field 23-30 May 1990 when adult 
black scale were present and readily visible. Due to the lower level of black 
scale present at this time, the sample size was increased to 40 twigs/tree (10 per 
quadrant). A final post-count was taken 10-11 July 1990 when the progeny of 
any scale surviving the treatment were counted. As the numbers of young black 
scale were fairly low, the larger sample size of 40 leaves/tree was used. 

Percentage infestation data were transfonned using an arcsine(square root 
[proportion]) transformation (number of scale per leaf or twig were not trans
formed) and means were analyzed using Duncan's (1955) multiple range test 
(SAS Institute 1985). 

Analysis was also conducted on the number of moderately- to heavily-infested 
border trees adjacent to treated data trees at the time of the final post-count (lO
II July 1990). This analysis included all eight trees which bordered each of the 
five data trees for each of the 13 treatments. The total number of moderately- to 
heavily-infested trees bordering the five trees for each treatment was analyzed 
using a Chi-square goodness of fit test (Zar 1974). 

Wind Dispersion Study. Six blocks were set up in a citrus grove (adjacent 
to the grove used for the pesticide trial) as diagrammed in Fig. 1. Each block 
consisted of nine trees (3 by 3) which were heavily infested with black scale. 
Three of the blocks were arbitrarily designated as 'light" blocks (border trees 
were sprayed) and three as "'heavy" blocks (untreated borders). The center trees 
in all six blocks and all eight border trees in the "light" blocks were treated with 
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Block 2, Light 

J
 
N 

Fig. 1. Experimental design and results for study of inter-tree dispersal of' young 
black scale. Black circles represent heavily-infested trees (untreated bor
ders) and together with the treated (white) center trees denote the 
"heavy" blocks. Gray circles represent border trees which were tJ'eated 
\\,th methomyl on 28 February 1990 and were consequently lightly-infested. 
Together ",th their treated center trees, these blocks are denoted as "light" 
blocks. Remaining circles represent untT'eatcd buffer trees. Numbers in 
black and gray circles are the total number of adult black scale on 40 
twigslborder tree sampled in the 10-17 July 1990 post-count. Numbers in 
larger white circles represent the number of crawlers or first instar black 
scale in each quadrant of the center tree as sampled in the 10 July 1990 
post-count (40 leavesltree). 
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methomyl (Lannate 1.8 EC, 2.4 g (A.U/liter, E. l. DuPont de Nemours & Co., 
Wilmington, Delaware) on 28 February 1990. 

Prior to the spray. a pre-count was taken on 22-23 February 1990, of the num
ber of adult black scale on twigs on each of the center trees in the six blocks (20 
twigs were collected per tree, five from each quadrant). Student's two-sample t-test 
(2a1' 1974) was used to test for differences in infestation levels on the center trees 
in the three "light" blocks versus center trees in the three "heavy" blocks. 

A post-count was taken on 10-17 July 1990 of the number of adult black scale 
on ten I5-em twigs from each quadrant of each of the eight border trees in each 
block (40 twigs/tree). The total number of scale on the eight border trees was 
summed for each of the three "light" and three 'beavy" blocks and the difference 
in mean infestation levels was tested with Student's two-sample i-test. 

A post-count of predominantly first instal' scale was taken on 10 July 1990 
from the center trees of each block. Ten leaves per quadrant (40 leaves/tree) 
were collected and kept in separate paper bags until the black scale could be 
counted (within 24 h) under a dissecting microscope. A Chi-square goodness of 
fit test (Zar 1974) was used to test for differences on the summed total number 
of young scale on the three center trees in the "light" blocks versus the total 
number on the three center trees in the "heavy" blocks. 

In addition, the mean number of scale on the western halves of the six center 
trees were tested against the level of scale on the eastern halves of the six cen
ter trees. Likewise, the northern halves were tested against the southern halves 
using Student's paired two-sample I-test (Zar 1974), based on 20 leaves sampled 
for each half of the tree, 10 leaves sampled per quadrant. 

Impact of Dispersion on the Pesticide Trial. It is possible that evalua
tions in the pesticide trial could have been affected by dispersal of young scale 
from moderately 01' heavily infested trees to treated or control trees. To deter
mine whether this potential dispersion of crawlers might have strongly influ
enced our results, we considered the effect of heavily infested border trees. For 
the purpose of this analysis, 24 trees were considered to be moderately to heavi
ly infested (5 control trees, 2 trees not used in the study, and 17 treated trees 
from the last two abamectin and last three teflubenzuron timing trials). The 
remaining trees were either initially excluded from the insecticide trials due to 
low black scale levels, or had been treated and the number of scale present was 
less than the level on the most lightly infested control tree. These trees should 
not have represented a major source of I'einfestation. Analysis was conducted 
using the chi-square goodness of fit test to determine whether there was a sig
nificant difference between the number of moderate to heavily-infested border 
trees used for anyone treatment. 

Results and Discussion 

Efficacy Trial. Results of the efficacy trial are Listed both in terms of percent 
leaf or twig infestation and number of black scale per leaf or twig (Table 1). 
Based on percent infested leaves, results of the 1·mo post-count showed no signifi
cant separation between treatments. However, using the number of scale per leaf, 
the 12 July treatments of abamectin and narrow-range oil, and the 23 August 



Table 1. Percent of sampled substrate infested with black scale before and after treatment with insecticides, oil, 
or IGR'sCl. 

Pre-count Percent or sampled substrate infested post-treatment (no. of scale/substrate) 

(5 Jul 89) 1 mo. post-appl·b 6-7 Dec 89 23·30 May 90 10·11 Jul90 
Treatment (Appl. Date) (Tw;gsI!TI)' (Lcovcslll (Leaves/Ill) (Tw;gs!llI) (LeaveslI) 

Control ([or 12 Jul89 appl.Jh 58.0 a (25.8 a) 93.0 a (389.6 ab) 97.0 a (314.8 a) 56.0 a 08.4 0) 43.2 a 003.8 a) §:: 
Control (for 26 Jul89 app!.) 3:93.0 0 (360.2 a) ." 
Control (for 9 Aug 89 appl.) rn

85.0 a 074.2 a) 0 
Control (for 23 Aug 89 appl.) 83.0 a (228.8 a) Z 

,~
Q. 

Abamectin (12 Ju189) 51.0 a (25.2 a) 83.0 a 034.2 c) 9.0d ( 2.0 d) 1.0 [ (0.2 c) 20.4 be ( 13.4 b) 3: 
Abamectin (26 Jut 89) 49.0 a (24.2 0) 92.0 a (281.4 a) 57.0 c ( 45.0 ed) 6.0 def (1.2 e) 19.4 be ( 8.6 b) 0 

Abamcclin (9 Aug 89) 52.0 a (24.6 a) 83.0 a (179.0 0) 59.0 c ( 61.2 ed) 17.0 edc (3.8 be) 35.0 abc ( 35.0 b) '" rn 
R'

Abamcctin (23 Aug 89) 52.0 a (26.2 a) 72.0 a 019.6 b) 71.0 be ( 88.0 bed) 9.0 edef (2.0 be) 36.0 ab ( 26.0 b) to.
0 

Teflubenzuron (12 Jul 89) 54.0 a (25.6 a) 93.0 a (358.8 ab) 21.0d ( 4.0 d) 3.0 ef <0.6 e) 19.8 be ( 12.6 b) rn 
". 

Teflubenzuron (26 Jul 89) 55.0 a (23.8 a) 94.00 (281.0 0) 81.0 ab 052.2 b) 31.0 ab (9.2 b) 50.6 a ( 50.2 b) 0 

;;-" Teflubcnzuron (9 Aug 89) 64.0 a (24.6 0) 82.0 a (240.8 a) 91.0 ab (113.6 be) 19.0 be (4.4 be) 38.0ob ( 28.4 b) n 
Tenubenzuron (23 Aug 89) 54.0 a (24.0 a) 83.00 (147.8 abJ 84.0 ab (153.4 b) 19.0 bed (5.6 be) 49.0 a ( 52.0 bJ ,0

~ 

~ 
Fennxycarb (12 Jul 89) 60.0 a (27.2 aJ 91.00 (423.2 0) 14.0 d 4.0 d) 0.0 [ (4.0 d) 22.6 be ( 14.2 b) 
NR·440 Oil (12 Ju189) 58.0 a (24.0 a) 88.0 a 094.8 e) 12.0 d 3.0 d) 4.0 e[ (0.8 e) 21.2 be ( 12.6 b) 
Methoprene (12 Ju189) 59.0 a (25.0 a) 87.0 a (235.2 be) 6.0d 2.6 d) 1.0f (0.2 eJ 13.6 e ( 6.0 b) 
Carbaryl (12 Jul 89) 51.0. (25.0.) 87.0. (325.2 .b) 6.0 d 1.6 d) 1.0 [ (0.2 e) 18.8 be ( 11.8 b) 

" Mean!! within a column followed by the same letter are not significantly different (Duncan's {l955] multiple range test, P > 0,05). Percent infestation data (not
 
numbers of scale pel' leaf 01' twig) wcre transformed prior to analysis using an arcsine (square root [proportion)) transformation; untransformed data are listed.
 

/} One-month post-counts taken l-mo arrer the application of each treatment. The same untrealcd control trces were re-counted on dates consistent with the latcr
 
timing of tefluhenwron and abamcctin treatments, 

,. Sam pIc !!Uh!>traLC/prcdominant black scule instar present are listed at the time of each count. '" 0 

'" 
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treatment of abamectin resulted in significantly lower levels of scale compared 
to the corresponding control. 

Percentage infestation sampling is a much simpler and quicker method than 
is counting numbers of black scale on leaves or twigs. Except when black scale 
levels were high <above ca. 80% infested, as with the I-rno post·counts), percent
age infestation post-counts provided bettcr statistical separation between treat
ments compared with the numerical post-counts. In future trials of this sort, we 
suggest that percent infestation counts be used. When high density scale popu
lations are being counted, using larger sample sizes with presence/absence sam
pling would be more efficient than counting numbers of scale. For this reason, 
we focus below on results using the percentage infestation counts. 

During the I-rna post-count (when scale were in the first or second stadium), 
it was difficult to distinguish live scale from moribund or dead scale. In the 
December post-count (when mostly early third instar scale were present), it was 
considerably easier to tell live scale from dead scale, and by May 1990, this was 
even easier. As a result, there were larger differences between means in the 
December and May post-counts compared with the I-mo post-counts. Therefore, 
we recommend that post-counts be made 3 rna or longer after IGR treatments in 
order to obtain a more accurate assessment of mortality. 

Based on the December, May, and July post-counts, all six materials applied 
on 12 July were found to be equally effective in reducing black scale levels com
pared with the control. 

Results from the timing portion of the study indicate that the 12 July 1989 
treatment was the optimal date for both abamectin and teflubenzuron treat
ments. At this time, a visual estimate indicated that approx.imately 80% of the 
black scale eggs had hatched, and most scale were still first instars. By the sec
ond treatment date (26 July), the scale were a mix of first and second instal'S, 
with first instal'S predominating. When the last two treatments were applied (9 
August and 26 August), second instar black scale predominated. Although little 
statistical separation was seen, there appeared to be a trend with treatments 
applied progressively later resulting in somewhat lower mortality. This trend is 
as expected since scale become less vulnerable to pesticides with time as their 
protective waxy cover develops. 

In this field study, it has been shown that several IGR's are efficacious 
against black scale. Some of these materials have been shown to be less harmful 
to beneficial arthropods than are broad spectrum materials. Fenoxycarb was 
reported to be without adverse affects on several black scale parasitoids: the 
aphelinid Coccophagus lycimnia (Walker), and the encyrtids Encyrtus infelix 
(Embleton) (Frischknecht and Muller 1976) and M. ba.rllelli (Peleg 1983b). 
Fenoxycarb, methoprene, and teflubenzuron all showed moderate to highly 
harmful affects when tested against Chilacorus bipustulatus L., a coccinellid 
predator of black scale and CaHfornia "ed scale (Aonidiella. aurantii [Maskell]). 
With all three materials, the fecundity of mature females was not affected but egg 
hatch was completely inhibited, although egg viability was restored when IGR
exposed females were placed in an uncontaminated environment. Teflubenzuron 
caused complete mortality during the first larval instal'. Fenoxycarb and metho
prene did not affect larval development but resulted in a complete inhibition or 
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pupation (Peleg 1983a). While these materials are quite harmful to beneficial 
coccinellids, they appear to be much less toxic to hymenopterous insects, which 
would include most of the parasitoids attacking black scale. 

The IGR's tested in this efficacy trial are effective against black scale in the 
field and have been shown to be somewhat selective. Thus, they may be useful 
in integrated pest management programs and their registration for use on cit
rus should be pursued. 

Dispersion Study. Quayle (1916) found indirect evidence that young black scale 
can travel between trees via "vind dispersion. Studies by Mendel et a1. (1984) indicat
ed that young scale generally settle in the same tree as their mother, although wind 
can carry some scale to neighboring trees. They suggested that migration due to 
wind dispersion may be an important factor when neighboring groves are heavily 
infested. Since the newly hatched "crawlers" moe the only stage which are easily 
blown by the wind, it is assumed that little migration occurs between trees during 
other stages. Iflevels of first instal' dispersion from heavily infested trees to cleaner 
trees were high, it could affect results of the pesticide trial. 

Analysis of the pre-treatment count taken on 22-23 February 1990 indicated 
that before treatment, the number of adult scale on the three center trees of the 
three "light" blocks did not significantly differ from those on the three center 
trees in the three "heavy" blocks (Table 2, Student's two sample I-test, df = 2, 
0.25 < P < 0.50). Since levels on the 'light" and "heavy" center trees were similar 
before treatment, levels were assumed to be likewise similar following treat
ment (since all six center trees were treated similarly). 

Table 2. Dispersal of black scale from heavily- or lightly-infested border 
trees to lightly~infested center trees after treatment with 
methomyl. 

Tolal Number of Scale 

Block 1 Block 2 Block 3 Mean SE Test find Significance Level 

Prc~count analysis, adult scnle, 22~23 Fehrullry 1990 

"Light"' center trees 
"Heavy" cenler trees 

32 
27 

2S 
3l 

24 
39 

28 
32 

2 
4 

Students 2'!:lample Hest, df",2 
not significant, 0.25 > P > 0.50 

Spray effectiveness analysis, lldult scalc, 10·17 July 1990 

8 "Light" center trees 
8 ··Heavy" center trees 

3 
138 

6 
157 

7 
151 

5 
149 

I 
(; 

Students 2·sample t·l.cSt. df",2 
significant. P < 0.00 I 

Dispersal nnulysis. young scale, 10 July 19!IO 

"Light" center trees 16 8 9 Sum", 33 Chi·squnrc goodness of lit, df"'l 
"Hcnvy" center trees 48 95 28 Sum",1?1 significnnt. P < 0.00 I 
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Analysis of the 10-17 July 1990 post-count showed that the 28 February 
1990 rnethomyl treatment was successful in reducing black scale levels (Table 
2, Fig. 1). Border trees in the three 'light" (treated) blocks had significantly 
lower total numbers of adult black scale than did border trees in the three 
"heavy" (untreated) blocks (Student's two-sample t-test, df = 2, P < 0.001). 

Analysis of the 10 July 1990 post-count of young scale on the six center trees 
showed that total black scale numbers were significantly higher on the center 
trees of the three "heavy" blocks compared with levels in the three 'light" blocks 
(Chi square test for goodness of fit, df = 1, P < 0.001, Table 2, Fig. 1). Since no 
significant difference had been found between the levels of black scale on the 
"heavy" and the "light" center trees initially. the significant difference found in 
the 10 July 1990 post-count is considered due to dispersion of scale, probably by 
wind. 

Analysis afyoung scale levels on each half of the six center trees indicated no 
significant difference in the level of scale on either the western versus the east· 
ern, Or the northern versus the southern halves of' the trees (Fig. 1, Student's 
paired two-sample I-test, df = 5, 0.05 < P < 0.10 for western/eastern halves; 0.20 
< P < 0.50 for southern/northern halves). This lack of' difference between halves 
of the trees was observed despite the average wind direction being consistently 
from the west during the study period (according to a recording weather station 
approximately 0.5 km away). 

Analysis showed that there was no significant difference in the number of 
moderate to heavily infested trees border trees used in anyone treatment (Chi
square test for goodness of fit, df = 11,0.95 < P < 0.975; range of 8-15 of the 40 
[5 replicates X 81 border trees moderately to heavily infested). Therefore, the 
impact of dispersal was unlikely to have differentially affected black scale den· 
sities on trees in anyone treatment. 

In most pesticide trials, bufler trees are not treated and are used to buffer 
trial trees from pesticide drift resulting from treatments applied to nearby 
trees. Since this study suggests that significant dispersion of young scale occurs 
from heavily infested trees, dispersion of young scale from heavily infested 
buffer trees could confound pesticide trial results. If dispersal of young scale 
from nearby trees were a more serious problem than pesticide drift, it might be 
advisable to spray the buffer trees if the trees were heavily infested. Additional 
study is needed to determine whether dispersal or pesticide drift is the more 
serious problem, and also to determine whether a single row of butTer trees is 
sufficient to protect against scale dispersal. 
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ABSTRACT Nine different colors of sticky traps were examined for their 
attractiveness La adult spotted Lentiform Icafminer, Phyllonor)'cter 
blancardella (FJ (Lepidoptera: Gracillariidae). Traps were 9.5- by 17-cm 
rectangles, and hung horizontally within the canopy of commercial apple 
trees at a height of approximately 1.8 m. A randomized complete block 
design was used. or the twelve trials that were conducted in 1990 and 1991, 
only three showed significant differences between trap colors. From this 
study it was concluded that adult P. blollcardella were not actively attracted 
to the traps and that no one color of trap would be preferable to any other 
color for the purpose of trapping P. blallcardella in orchards. 

KEY WORDS Phyllollof)'ct.er blollcardella, trapping, monitoring, color 
response, Lepidoptera, Gracillariidae. 

The spotted tentiform leafminer (STLM1, Phyllonorycler blancardella (F.), is 
a microlepidopteran that in its larval stages, feeds (mines) within the leaves of 
many economically important tree fruit crops, especially apple, throughout 
eastern North America (Pottinger and LeRoux 1971, Wei res et al. 1980, 
Walgenbach et al. 1990). Reported elfects of extensive leafmining include early 
leaf drop, premature fruit ripening and dmp, and reductions in terminal 
growth, fruit set the following year, fruit soluble solids, and fruit size (Pottinger 
and LeRoux 1971, Reissig et al. 1982, Maier 1983). 

Control recommendations for pestiferous PhyllonOl)'cler species in orchards 
are typically based on the number of eggs or mines (action thresholds) obtained 
from early season or first generation sampling of leaves or leaf clusters from 
several trees (Agnello c1 al. 1989, Hoyt and Beers 1989). Such procedures are 
labor intensive and may not be readily adopted by growers. An easier 
monitoring method, onc perhaps more suitable for grower use, is moth capture 
on colored sticky traps. Such a trapping technique can conceivably reveal a 
useful Quantitative relationship between STLM density and its damage (mines 
per leal) (Coli et al. 1985). Data from visually-based (shape and/or color) sticky 
traps have been used successfully to establish action theshold levels for other 
major orchard pests, such as the apple maggot (Agnello et al. 1990), pear psylla 
(Adams and Los 1989), and tarnished plant bug (Prokopy et al. 1982). 
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The goal of this study was to examine the attractiveness of different colored 
sticky traps to adult STLM. This project was conducted as the initial step in the 
development of a predictive action threshold for STLM utilizing adult trap cap
tures. 

Materials and Methods 

The study was conducted in a commercial apple orchard located in Lafayette 
County. Missouri. Two sites were selected within a block of trees to hang the 
traps. Site A contained Jonathan trees, and site B, which was 3 rows east and 
17 trees south from site A, contained Red Delicious trees. Trees of both varieties 
were 21 yr old and approximately 4.2 m tall. Traps were 9.5· by 17·cm rectan
gles made of 24 pt. white SBS polycoated paper card stock (Fortney Packages, 
Mechanicsburg, Pennsylvania), and painted on both sides with quick dry spray 
enamel (Pittsburgh® Paints). Nine different colors were tested: gloss white (55
311), safety red (55-324), safety orange (55-328), brilliant yellow (55-302), safety 
yellow (55-330), safety green (55-327), ivy green (55-305), safety blue (55-326), 
and battleship gray (55-307). Painted traps were covered with Tangle-Trap® 
insect adhesive (The Tanglefoot Company, Grand Rapids, Michigan). 

At each site, five trees (replicates) within the same row were selected that 
would contain the traps. At site A the replicates were contiguous, but at site B, 
they were separated from each other by one tree. \Vithin each tree, nine trap 
stations were established and numbered 0-9). These stations were placed 
around the outer third of the canopy at approximately eye level (l.8 m). The dis
tance between each trap station ranged from 1.0 to 1.7 m. Prior to every experi
ment (trial), each color of trap was randomly assigned to one of the nine trap 
stations. This randomization process was done for each tree replicate per trial 
per orchard site. Within tree trap location was not factored into the experimen
tal design because of the homogeneous distribution of STLM adults throughout 
the apple tree (Potting01' and LeRoux 1971; B.A.B., unpublished data). Traps 
were hung horizontally (based on data reported by Green and Prokopy 1986) 
and left in the trees (if possible at both sites) for 3-7 d during each STLM adult 
flight. Foliage within 25 em of each trap was pruned away. The experimental 
design (randomized complete block) and setup (five tree replicates at two sites) 
were chosen because of the reported significant between-tree and between-block 
variation in STLM density found within orchards (Pottinger and LeRoux 1971). 

The number of adult STLM caught in each tree during each trapping period 
was totaled, and a relative percent value of the moths caught per trap color per 
tree was determined. Data were transformed (arc sin) before being analyzed by 
an analysis of variance (ANOVA) and Student-Newman-Keuls test (Abacus 
Concepts 1989). 

Results and Discussion 

Of the twelve trials that were conducted in 1990 and 1991, only three showed 
significant differences (P > 0.05) between trap colors (Table 1). Six of the nine 
colors each trapped the greatest proportion of STLM in at least one trial. 
Despite the statistical nonpreference. some colors were moderately consistent in 
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attracting higher numbers of STL:M within each trial. For example, the colors 
safety red and safety yellow trapped the highest mean percentage of STLM in 
four and three of the trials, respectively. Both of these colors were attractive to 
the moths during the early and latter parts of the season. The four trials where 
safety red trapped the greatest percentage of moths occurred only at site A, and 
the three trials where safety yellow captured the highest percentage of moths 
occurred only at site B. Similarly, the three different colors that had trapped 
the greater percentage of moths at site A did not capture the greater percentage 
of moths at site B, and vice versa. 

When the twelve separate trials were each considered a replicate and ana
lyzed, it was found that the average percentage (mean ± SE) of moths trapped 
by each color was (in descending order): safety red (13.57 ± 1.46), safety yellow 
(13.12 ± 2.23), safety orange (11.62 ± 0.94), safety blue (11.08 ± 1.38), battleship 
gray (10.80 ± 1.36), white (10.73 ± 1.07), ivy green (10.59 ± 1.35), safety green 
(9.94 ± 1.67), and brilliant yellow (8.52 ± 0.80). This analysis revealed no signif
icant differences among colors (P = OA9). 

There was considerable between-trial (site) variation. For example, at site A 
during the 6-10 Aug 1990 trial, the color safety red caught 19.7% of the total 
number of moths trapped. Concurrently, at site B, just a relatively short dis
tance away, the safety red trap caught only 5.5% of the moths (Table 1). Simi
larly, the color battleship gray caught 19.3% of the moths at site B but only 
trapped 5.3% of the moths at site A. Such inconsistency in trap catches among 
individual colors during trials held concurrently at both sites occurred through
out the entire study. 

Green and Prokopy (1986) conducted a similar study with the apple blotch 
leafminer (ABLM), Phyllollorycter crataegella (Clemens). However, their traps 
were much larger (600 cm2) than those in the present study (161.5 cm2). They 
reported that the color tartar red trapped consistently the highest number of 
ABLM, although the numbers were not significantly greater than the number of 
moths trapped on several other colors, such as lime green, orange, light and 
medium gray, white, jonquil yellow, and horizon blue. 1n addition, the ABLM 
moths exhibited no consistent trends in preference for traps displaying certain 
hues and shades. 

The objective of this study was to identify trap color preferences in adult 
STLM for use in monitoring purposes. The results show that of the colors exam
ined, no one color was significantly preferred by STLM. The high between-trial 
variation suggests that a colored sticky trap may act primarily as a passive mon
itoring tool. Adult flight activity of pestiferous Phyllonorycler has been reported 
to occur primarily during the late evening hours (Pottinger and LeRoux 1971) or 
early morning and early evening hours (Gibb 1983, Green and Prokopy 1986). 
During these times there may not be sufficient light to render one color more 
attractive to the moths than another, especially when the trap is within and 
shaded by the canopy. It appears that during Ihe flight periods, the moths come 
into contact with the traps simply through random movement and are not 
actively attracted to them. From this study it can be concluded that no one color 
of trap would be preferable to any other color for the purpose of trapping STLM 
moths in orchards. 



Table 1. The average percent of STLM moths caught among colored sticky traps per tree per orchard site in 1990 
and 1991.°,b 

Aug 6-10,1990 Aug 31-Sep 4.1990 

TOTAL NO. Site A Site B Site A Site B 

OFSTLM 
TRAPPED, 1868 951 6180 1469 

ANOYA P-VALUE: 

DATE: 

TOTAL NO. 
OFSTLM 
TRAPPED, 

Safety RED - 19.68 a 
Safety BLUE - 18.60 ab 

WHITE - 15.10 abe 
Safety YELLOW - 14.11 abc 

Ivy GREEN  9.99 ube 
Safety ORANGE  7.07 abc 

Brilliant YELLOW  5.90 be 
Battleship GRAY  5.27 be 

Sufety GREEN  4.26 c 

0.002 

Apr 4-11. 1991 

Site A 

Safcty YELLOW 29.67 u Battleship GR.o\Y  16.28 a 
B'ltlleship GRAY 19.29 ah Sufety RED - 15.45 a 

WHITE - 15.49 ab WHITE - 14.68 a 
Safety ORANGE - 12.09 ab Safety YELLOW - 11.89 a 

Brilliant YELLOW  7.95 ab Brilliant YELLOW - 10.79 a 
Safety RED  5.56 b Safety ORANGE· 10.21 a 

Safety GREEN  3.54 b Ivy GREEN  8.15 a 
Ivy GREEN  3.13 b Safety BLUE  7.32 a 

Sufety BLUE  2.94 b Safety GREEN· 5.18 u 

0.007 0.358 

i\'1uy 30-.Jun 3. 1991
 

SHeA Site B
 

1353 3023 

Safety YELLOW - 20.86 a 
B3ttleshipGRAY- 17.023 

Sufety RED· 14.02 a 
Safety BLUE - 10.57 a 

tvy GREEN - 9.12 a 
Safety GREEN - 8.89 a 

WHITE - 8.68 a 
Safety ORANGE - 6.59 a 

Brilliant YELLOW - 4.22 a 

0.314 

Jun 3-6,1991 

Site A 

825 

Safety RED - 18.09 a 
Safety ORANGE - 16.81 a 

Sufcly BLUE - 13.09 n 
Brilliant YELLOW - 12.60 a 

Battleship GRAY - 11.78 a 
Safety GHEEN - 9.8,1 a 

WHITE - 7.38 D 

Ivy GREEN - 6.81 u 
Sufcty Ylo:LLOW - 3.56 (l

ANOYA P-VALUE: 
0.212 

Safety RED - 20.85 a 
Safety BLUE· 19.99:1 

Safety YELLOW· 15.37 a 
Safety ORANGE - 10.67 II 

Ivy GREEN - 8.92 a 
WHITE  7.48 a 

Brilliant YELLOW  5.95 a 
Safety GREEN  5.88 D 

Ualtleship GRAY  4.86 u 

0.092 

Safet)· YELLOW - 19.05 u 
Ivy GREEN - 15.53 a 

Battleship GRAY - 12.28 a 
Safety BLUE· 11.03 a 

Safety RED· 10.19 a 
Safety OH.f\.NGE - 9.62 a 

Brilliant YELLOW - 8.16 H 

WHITE- 7.74a 
Safety GHEEN· 6.35 a 

0.376 

Ivy GREEN - 21.53 a 
Sufety RED - 13.09 a 

Safety ORANGE - 12.81 a 
Safety GREEN - 10.94 a 

Brilliant YELLOW - 10.91 a 
Safety BLUE - 9.88 H 

WHYTE - 9.21 a 
Battleshil) GRAY - 8.47 a 
Safcty YELLOW - 3.13 a 

0.168 



Table 1. Continued 

DATE: Jun 3·6, 1991 Jul 5-8, 1991 Aug 12-16, 1991 

TOTAL NO, 
OFSTLM 
TRAPPED: 

Site B 

967 

Site B 

4058 

Site A 

9716 

Sile B 

5589 

Safety GREEN - 23.99 a 
WHITE - 17.04 a 

Safety ORANGE - 17.02 a 
Ivy GREEN· 11.14 a 

Brilliant YELLOW - 7.19 a 
Safety BLUE· 6.80 a 

Battleship GRAY - 6.31 a 
Safety YELLOW· 6.16 a 

SafctyRED- 4.31a 

ANOVAp·VALUE: 0.171 

Safety ORANGE - 14.18 a 
Safety GREEN - 12.82 a 

Sufety RED· 12.21 a 
Brilliant YELLOW - 12.U9 a 

Safety YELLOW - 10.91 a 
Ivy GREEN - 10.59 a 

WHITE - 9.92 a 
Battleship GRAY - 9.32 a 

Safely BLUE - 7.93 a 
0.395 

Safety RED - 15.72 a 
Ivy GREEN· 14.19 ab 

Safety BLUE - 12.48 ab 
Safety GREEN· 11.71 ab 

Battleship GRAY - 11.01 a.b 
Brilliant YELLOW· 10.48 ub 

Safety ORANGE - 10.45 ab 
Safety YELLOW· 7.21 b 

WHITE· 6.73 h 

0.016 

Safety GREEN· 15.91 a 
Safety YELLOW - 15.51 a 

Safety RED - 13.64 n 
Safety BLUE· 12.33 a 

Safety ORANGE - 1Ul7 a 
WHITE - 9.31 a 

Battleship GRAY- 7.71a 
Ivy GREEN· 7.65 a 

Brilliant YELLOW - 6.04 a 
0.051 

a Means in each :mrnpling date's column followed by the same letter are not significantly different (P :> 0.05, Student-Newman-Keuls test [Abacu:; Concepts 1989]). 
b Untransfurmed data are reported in this table. 
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A Tribute to T. R. Adkins, Jr. 

Ted Adkins - A Student Perspective 

On the wall in my office [ have a tattered photo from 1982. It's a picture of 
Dr. Adkins and myself made during a day spent in Juarez, Mexico. He's dressed 
up in a huge sombrero, with two bandoliers crossing his chest, and a large 
shotgun in his hands. He was supposed to depict a tough guy, but of course that 
ever present smile ruined all chances that anyone would consider him the 
hombre he was pretending to be. That smile is what I remember most about Dr. 
Adkins. 

When I think of Dr. Adkins, that day in Juarez always comes to mind. It 
symbolizes the essence of this wonderful man. It was a day spent shopping, 
eating good food, dressing up to take silly pictures and just enjoying each 
other's company. Dr. Adkins enjoyed life and enjoyed sharing it with others. 
Joyce, his wife, Ben Kissam, and several others were with us and by day's end 
we were all exhausted - except him of course. He was the only person I ever 
knew who could consistently thrive on four hours of sleep a night. 

I worked for him from 1975 to 1981 and during that time he taught me many 
things about entomology; but more importantly about life, loyalty and the 
importance of hard work. He could be found every day in his office in the 
basement of Long Hall. No matter how busy he was he would always take time 
with his students to advise or just listen. And after the serious talk was done 
there was always time for a joke or two or discussion of the latest tales from the 
rumor mill. How he did love a good story! I can see him now, laid back in his 
chair with his head propped against the wall, passing on the latest tales of 
intrigue. 

But beneath that fun-loving exterior was a man with an incredible work 
ethic. After a long day at the University, he worked late into the night at a print 
shop he and Joyce owned. He could be found at the shop on weekends as well. 
Upon retirement from the University he began a consulting business in addition 
to maintaining the print shop. His determination, hard work, incredible energy 
and perseverance set an example for his st.udents - and taught me many 
lessons about what it takes to succeed. 

Dr. Adkins was a excellent entomologist. He was proud of his own academic 
accomplishments, but I think he was even more proud of the accomplishments 
of his students. He once told me that he thought his primary responsibility was 
to take young, inexperienced graduate students and provide them with 
sufficient information, and experience to prepare them for careers. [n the 
competitive university atmosphere where many professors considered the 
guidance of graduate students an unavoidable nuisance, Dr. Adkins' emphasis 
on his people was an endearing quality. He put together an album containing 
pictures of all his graduate students and would proudly show it to anyone who 
was interested. [ remember he had it at his retirement party and going through 
page after page of pictures with him. He knew where nearly every one of them 
lived and what career they had chosen. He reminded me of a proud grandparent 
with pictures of his first grandchild. 
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Dr. Adkins and I kept in touch after I left Clemson. When his consulting 
business would bring him to Greensboro, NC, he would always stop by for a 
visit. Those visits are precious memories now. But also vivid in my memory is 
the day I stood alone at his grave on a cold, cloudy day, months after he passed 
away, and cried. 

Like all his students, I learned many things from this man. Some were 
lessons critical for success in life, others were just pleasant memories. He 
taught me how to drive a straight drive truck, where horn nies like to hide on 
cattle in the heat of the day, how to stand up for myself, and the value of hard 
work. The last thing I learned from him was one of life's most difficult lessons; 
how to deal with the loss of someone you love. 

Sharron H. Barnett 
Product Manager 
Animal Health Division 
Ciba-Geigy Corporation 
Greensboro, NC 27419 



Twenty-Eight Years with Ted Adkins 

Theodore Roosevelt Adkins, Jr. joined the Clemson University faculty as an 
Assistant Professor of Entomology and Zoology in June 1957. He had completed 
all requirements for his terminal degree which was awarded by Aubul"ll 
University in 1958. During his tenure at Clemson University he taught 
undergraduate and graduate courses, primarily in medical and veterinary 
entomology. but he also taught courses in general entomology. economic 
entomology, and insect physiolog)'. His research efforts were confined to insects 
affecting man and animals. He is probably most known for his research on self
treatment devices for cattle and on deer flies. To my knowledge he never had 
any official extension responsibilities but much of his work was related to 
extension. Ted was promoted to Associate Professor in 1961, to Professor in 
1968, and retired in June 1985. 

I guess the one characteristic I remember most about Ted is his work habit. 
He was not the first person to arrive each morning but on most days he worked 
later than anyone. There were times when I would harass him for arriving late 
for work and invariably he would respond by telling me how late he had worked 
the previous day. Often his response would be that he didn't get to bed until 
2:00 a.m. or later. 

Ted was always busy with something and I want to address some of his areas 
of interest that kept him busy. He truly loved people. In spite of obvious 
demands he always had time for a friendly smile and conversation. No matter 
how busy he was, Ted would always stop what he was doing to help someone 
with their problem. He wanted to be informed, to know what was going on, and 
had contact with so many people that he often knew what was happening. He 
was the source, and if Ted didn't know it was unlikely that anyone knew. 

Ted had a CB radio in his van before most people knew CB radios were 
available. His handle was "Bugrnan" and he truly loved to use that radio. Many 
mOJ'l)ings as he drove to work he would talk with George von Tungeln or anyone 
else who wou.ld respond to his call. And, when he travelled out of town in 
University vehicles he took that CB with him. He loved gadgets, especially 
cameras and electronics, and bought a mobile telephone before many systems 
were well established. 

During his tenure at Clemson Ted supervised the work of 43 graduate 
students. Most of his students have been extremely successful. At one point he 
was the Major Advisor for 16 graduate students. Most of us would have 
difficulty supervising the work of five students but Ted handled 16 with ease. 
They were known as "Adkins' Army" and I imagine Ted still holds the record for 
supervising the most graduate students at one lime. 

Ted Adkins was instrumental in the establishment and publication of the 
Journal of Agricultural Entomology. Several attempts were made by members 
of the South Carolina Entomological Society to publish a scientific journaL On 
one occasion discussions were held in an effort to publish jointly with the 
Georgia Entomological Society but this was not successful. Later we discussed 
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the same possibility with the North Carolina Entomological Society and this 
effort failed. Finally, in 1982 Ted was appointed by the South Carolina Entomo
logical Society to be the first editor of our journal. He immediately organized a 
staff, initiated a call for papers, personally "pushed" the project, and our first 
journal was published in April 1984. If Ted had not been named editor I doubt 
that the journal would have materialized. Through his diligent efforts we were 
able to initiate publication and survive a period of low interest that occurred 
about two years later. 

In 1957 Ted developed an interest in nying, or a latent interest surfaced, and 
he took lessons at the Oconee Airport. He served as Faculty Advisor to the 
Clemson Aero Club from 1958 through 1960. Shortly after soloing he was forced 
to crash land because of a mechanical problem. He miraculously survived that 
crash and I don't think he ever flew a small plane again. He also resigned as 
Aero Club Advisor. 

Ted had a voracious appetite and could consume large quantities of food. He 
was so intense and so active that he obviously had high energy requirements. 
He loved card games, especially bridge and poker. Ted and Joyce were members 
of a couples bridge club and played regularly. He did not play poker very much 
late in his career, but in the 1960's it was not unusual for him to play poker 
until 2:00 or 3:00 a.m. (at professional meetings) and participate actively in the 
program the next day. 

Shortly before Ted's retirement he became interested in forensic entomology. 
He continued to develop this interest after retirement and became known 
nationally as an expert in forensic entomology. Ted did some of the basic work 
in determining time of death from studying insects associated with a corpse and 
helped solve several murders. He truly enjoyed this work and was actively 
working as a consulting entomologist at the time of his death. 

Ted Adkins worked hard and played hard, He made significant contributions 
to many different areas and he will always be remembered by his friends and 
colleagues. Long Hall will never be the same, and we miss his favorite expres· 
sion "What's happening?", the joke dejour, and his hearty laugh! 

Thomas E. Skelton 
Department of Entomology 
Clemson University 
Clemson, SC 29634-0365 



Of Maggots, Lobsters and Ted 

Ted Adkins was my colleague and friend for 20 years. I am both pleased and 
moved by the invitation to contribute to this special issue in his memory. I'll 
leave it to others to eulogize Ted. \Vhat I want to do is to try to personalize him 
for those readers who knew him less. 

Big in stature and heart, Ted personified the good-ole-country-boy at his 
best. He had the face, the grin and the gait of a down home farmer. With his hat 
cocked back on his pate, with his Georgia drawl and strong, solid handshake he 
greeted everyone as an equal. Ted sported no aires and held nothing secret. 
Everything was up front, honest and undergirded with an insatiable curiosity 
that is the mark of a true scientist. He was a perpetual scholar, teacher, and 
student in onc big package. 

I met Ted Adkins at the very first Biting Fly Conference held in the Ben 
Franklin Hotel in Philadelphia in 1970. Ted had heard of our pending 
conference belatedly and had made a hurried flight from South Carolina to 
Philly. He took a cab from the airport and arrived a bit late and out of breath at 
our first face to face meeting. It seems that the cab driver had not ever heard of 
the Hotel Robert E. Lee. Ted knew it was named for someone important and 
that's the name that popped into his head. Ted and I knew little of each other 
then, but our common interests, first in tabanid research and later in forensic 
entomology, promoted frequent contact and supportive interchange after that. 
Ted had come hurriedly to seek advice about controlling deer flies at 
Charlestowne Landing's Tricentennial celebration. Sure, he knew pesticides 
would work but he wanted an alternative. If the anticipated tourist crowds 
materialized at the celebration the frequent use of pesticides was to be avoided. 
So we talked about trapping and trap designs that would effectively attract 
pesky, hungry deer flies, I had been working on a modified malaise trap, a 
canopy, for saltmarsh greenhead fly survey and control in Delaware, and Elton 
Hansens at Rutgers was using box traps and sticky panels in a similar study in 
New Jersey. Ted questioned us both at length, furiously wrote notes on our 
answers and made sketches and returned to Clemson, where he began a full
blown project on controJling and trapping deer flies. He tried both sticky traps 
and box traps for control. The canopy traps which he fabricated were beautifully 
made; they were the Cadillac of canopy traps. They were durable and portable, 
but not very effective. However, with the sticky traps he was very successful 
and with them he was able to reduce bothersome deer flies on a commercial 
coastal golf course. The Charlestowne Landing deer fly problem did require 
pesticides after all and Ted used ULV applications of malathion. 

Ted became a solid proponent of an annual biting fly conference and urged 
that we expand participants beyond the mid-Atlantic states region. He was 
right on both points. Our fourth annual conference was held at the historical 
Hobeaw House in Georgetown, Be, with Ted as chairman and host. By this time 
the meeting was drawing 35 participants representing 16 states from as far 
away as Tennessee, Louisiana and Missouri and was seeking legitimization 
with Regional Project status. 
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In the summer of 1973 we held the fifth Biting Fly Conference at "The Castle" 
on the Crane Memorial Reservation near Ipswich, MA. Crane had been the 
plumbing fixture king early in this century and the bathrooms in his mansion 
reflected an elegance that made them works of designer art. The Crane estate 
sported a hundred-horse stable, saltwater swimming pool and Italian statuary 
bordering a long stretch of manicured green running to Crane's Beach. This facil
ity was operated by the state as a conference center and was touted by OUT host 
as the greenhead capital of the world. That's why we met there. I'm reminded of 
two events at this meeting that involved Ted. The first occurred as we were 
making sunrise observations of hovering male greenheads on a nearby salt 
marsh. The salt hay was lush and tall and had lodged over to obscure the 
numerous potholes and ditches that crisscrossed and dotted the marsh. Ted got 
so engrossed in watching the Oies he failed to see the pothole. Suddenly there 
he was stuck in mud up to his hips. He leaned over, crawled out of the hole to 
get free, stood up and resumed his observations as if nothing had happened. 

The second event involved Ted's robust appetite. In the evening our hosts 
treated all to a New England clam bake and lobster feed with all the fixings. At 
this feast there were an abundance of one to one-and·a-half pound lobsters with 
an all-you·can-eat invitation. Well either Ted was famished from his early 
morning exertions in the mud, or he nurtured a secret craving to stuff himself 
with lobster. "Nothing but big crawdads," he said. At any rate he got into a con
test with someone else, whose identity is not important, to see who could clearly 
consume the most lobsters. Ted won the match hands down. As I recall he had a 
final tally of 8 or 9 lobsters and beside that, he was ready again for breakfast 
the next morning. 

By the early 1980's Ted and I and a few others with strong stomachs devel
oped a mutual interest in forensic entomology. This is the particular use of 
insects, mostly maggots, associated with a decaying corpse and used as indica
tors of the time of death of the deceased. This small happy band of forensic ento
mologists would meet annually and informally at the ESA National Conference. 
Usually we'd have from eight to a dozen in the gathering, "the dirty dozen." We 
would discuss cooperative research, funding sources and interesting or puzzling 
homicide cases on which we were working. A good time to hold such meetings 
was at meals because a full conference schedule prevented alternatives for sev
eral of our clan. Invariably, Ted our self-appointed photographer, would open 
the discussion with one of his recent cases by producing a stack of fuJI color 
death scene photos complete with decomposed corpse. These would be passed 
around for our perusal along with salt, pepper and ketchup, as Ted explained 
the scenario of the particular case. Often his explanation was loud enough to be 
heard three tables away, as there was a number of us at the far end of our own 
table. As Ted's enthusiasm increased, so did the volume of his drawl. It was not 
surprising to find that by the time we finished our meal we would be well isolat
ed from other customers in the establishment and were subjected to suspicious 
side long glances and stares from the waitress and kitchen help. 

I recall that early on, one of Ted's cases involved a well-decomposed body 
indisposed in the crawl space under a shack. Ted had squeezed under the shack, 
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took pictures and found a flourishing population of black soldier fly maggots (Her
metia illucens, Stratiomyidae). Reports in the literature regarding this species 
feeding on corpses was scarce and Ted soon developed a particular fondness for 
cases involving it. The rest of us knew little enough about I/. illucens and Ted 
became our expert. 

A few years ago Ted was hired 85 an expert witness for the plaintiff in 
what was to be a JUTied litigation involving a case of spider bite in Texas. 
The opposing expert witness fOT the defense was an entomologist from New 
York City with a speech dialect characteristic of that metropolis. After 
meeting with Ted at the deposition the defense chose to settle out-or-court. 
With Ted's drawl, Texas birthright and country boy charm they knew full 
well that the outcome was a foregone conclusion with a jury of Texans. 

In Clemson, Ted and his wife Joyce owned and operated a small but very 
successful printing shop appropriately named "Joyce's Print Shop," which 
his wife and son still operate today. It had started out on a modest scale to 
print small museum specimen labels for pinned insects, but it grew like 
Topsey. Ted made good use of this facility by printing up postcards that he'd 
distribute at meetings. In this way he would solicit tick or fly specimens. A 
clever maneuver and it worked. He also had a business card for every occas
sian, some serious and some not. One of these promoted himself as dealer in 
"nails, manure and the causing of riots." 

During the spring of 1989 I was on sabbatical leave touring universities 
in the southeast and had the opportunity to visit Ted on his home turf in 
Clemson. He had retired from the faculty of Clemson University but not 
from entomology ... particularly the forensic kind. Ted was busier than 
ever. At one end of the print shop, beyond the clattering presses, the stacks 
of paper reams, and cans of printers ink, Ted had set up a small forensic 
rearing l~b. He had a steroscope, rearing cages, jars of' media and pertinent 
literature close at hand. There were several blow fly colonies in various 
stages of development as well as his favored I-Iennetia.. In my mind I picture 
him there still. He's tieless, with shirt-sleeves rolled up and sweat trickling 
down his cheeks. He's hunched over his 'scope surrounded by books and 
cages. 

In keeping with his namesake, Theodore Roosevelt Adkins had a "bully" 
lust for life in general and for science in particular. At the time of his death 
Ted \vas working on a compilation of forensic literature for a chapter in our 
book '·Entomology and Death: A Procedural Guide." He never finished that 
chapter and we sadly had to make alternative arrangements for the book. 
Had he lived, he would have finished it in the enthusiastic, thorough style 
that was his hallmark. 

Ted Adkins was an effective, outspoken and enthusiastic evangelist for 
entomology. As a scientist, teacher, colleague and friend, I miss him. 

E. Paul Catts 
Department of Entomology 
\Vashington State University 
Pullman, WA 99164-6432 
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ABSTRACT Lmmature stages of two fly species were collecled from the 
badly decomposed body of a black female recovered from a shallow grave 
located beneath a house in rural South Carolina. One of these, 
S)'nthesiomyia flfldesita (Van Der Wulp), was a new record for the state. The 
other, Calliphora oicina (Robineau·Desvoidy) is a common inhabitant of 
carrion worldwide. 

Rearing studies and subsequent degree-day calculations for these nics, 
when viewed in the context of local environmental conditions, allowed an 
accurate estimate of the approximate date of the victim's death. The dale was 
confirmed subsequently by the confession ofthe assailant. 

This case further demonstrates the usefulness of entomological evidence 
in estimating time of death, particularly in cases where the postmortem 
interval is prolonged and the value of other methods is limited. The case 
reinforces the need for timely entomological consultation. 

KEY WORDS Synthesiornyia lIudesita, Calliphora vicina, postmortem 
interval, buried body, forensic entomology, Dipter'a, Muscidae, Calliphoridae. 

Memorial Prologue 

Following his retirement from Clemson University, Ted Adkins developed an 
avid interest in the newly emerging field of American forensic entomology. As 
with previous endeavors, he pursued forensic entomology with diligence and 
vitality. Ted brought both knowledge and a refreshing sense of humor to a 
discipline which dwells on human tragedy. He quickly earned the respect and 
esteem of the forensic colleagues with whom he routinely collaborated. His 
coauthors here were two such colleagues. This paper presents the details of the 
first criminal case with which Ted became involved. In forensic circles he is 
sorely missed. 

Received for publication 4 Februar}' J992; accepted 21 April 1992. 
2 Forensic Science Research and Training Center, Laboratory Division, Federal Bureau of 

IO\'estigation. FBI Academy, Quantico, VA 22135. 
3 Deceased; formerly Department of Entomology, Clemson University. Clemson, SC 29634. 
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The potential usefulness of terrestrial, aquatic, and marine invertebrates as 
indicators of forensically meaningful parameters such as time, location, and man
ner of death is well documented in both the entomological and forensic science lit
erature (Nuorteva 1977, Keh 1985, Lord and Rodriguez 1989, Catts and Haskell 
1991). Decomposing remains are exploited by a wide diversity of organisms, rang
ing from microbes to scavenging mammals. Insects usually constitute the most 
conspicuous faunal element in terrestrial environments (Catts and GotT 1992). 
Although numerous insect species play an active role in the decay process, flies 
(Diptcra) m'e typically the first to colonize a corpse and their larvae (maggots) are 
responsible for the rapid and gross consumption of corpse tissues (Lord and 
Rodriguez 1989). 

The colonization process starts a biological clock whereby a subsequent 
determination of the age of developing fly progeny becomes the basis for esti
mating postmortem interval (PM!) (Catts 1991). Greenberg (1985) suggested 
summing hourly temperature data, accumulated degree hours (ADH), as a tech
nique for calculating fly developmental rates in forensic cases. Lord et aI. (1986) 
illustrated the usefulness of ADH analysis as a general indicator of approxi
mate PMI when colonizing fiy populations are small and climatic conditions are 
uniform. Catts (1992), however, has cautioned that except for indoor situations 
where environmental conditions are relatively constant, accumulated degree 
hour (ADH) estimates of PMI can give a false perception of accuracy due to a 
variety of intrinsic and extrinsic variables. 

This paper presents the details of a case wherein a more generalized thermal 
measure, accumulated degree days (ADD) was used to predict accurately the 
PMI for a body recovered [rom a shallow grave beneath a rural dwelling. The 
postmortem interval estimate was based on developmental data for two species 
of flies recovered from the gravesite. One of these flies, Synthesiomyia nudesita 
(Van Der Wu!p), had not been reported previously from South Carolina and had 
not been used as a forensic indicator species within the United States. 

Case Report 

On 8 November, 1985, the partially clad, badly decomposed body of a young, 
black, adult female was found in a shallow earthen grave located beneath a 
house in rural Denmark, South Carolina. An autopsy revealed that the victim 
had died of a single, close-range bullet wound to the head, later found to have 
been inflicted by a small caliber rifle. lnvestigators had been summoned to the 
scene by a resident of the property who complained of a foul-smelling odor ema
nating from the back of the house. Authorities soon determined that the victim's 
body had been lowered through a hole sawed in the floor of the back room and 
subsequently interred in a shallow grave dug in the soil beneath. 

Noting the presence of small numbers of fly larvae on the remains, the Bam
berg County Coroner requested entomological assistance at the crime scene. A 
subsequent examination of the soil conducted on 12 November in and around 
the gravesite resulted in the recovery of 142 post-feeding third instar larvae and 
ten puparia. The fly larvae were tentatively identified as a mixed population of 
blue bottle flies, Calliphora vicina (Robineau-Desvoidy), and house flies, Musca 
domestica L., both common inhabitants of human remains. 
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Materials and Methods 

The insect specimens were transported immediately to an entomological labo
ratory in Clemson, South Carolina, where they were reared in growth chambers 
at a constant temperature of 21

0 

C. Pupadation of all maggots was completed by 
16 November and several of the puparia were encased in soil cocoons. Due to the 
presence of puparial soil cocoons, uncharacteristic of Musca domestica, larval 
specimens were re-examined in the laboratory and found to be Synthesiomyia 
nudesita, a house fly relative, previously unrecorded from South Carolina. 

The first adult specimens of C. vicina and S. nudesita emerged on 18 November 
and 22 November respectively. These C. vicina and S. nudesita specimens had 
been collected from the gravesite on 12 November as puparia and larvae, respec
tively. Representative samples of all developmental stages were forwarded to the 
United States Natural History Museum (Smithsonian Institute) in Washington, 
D.C., for confirmation; the identification of both species was verified. Voucher spec
imens were remanded to the state entomological collection at Clemson University. 

To interpret fly developmental rate, weather data were obtained from the 
nearest state station, located at the Edisto Research and Education Center, 
Blackville, situated ca. 19.4 km from Denmark, se. In addition to daily maxi
mum/minimum air temperatures, the Center routinely recorded daily maxi
mum/minimum soil temperatures taken at a 10~cm depth in shade. Daily mea
surements of rainfall, wind speed/direction, and cloud cover also were obtained. 
These weather data spanned the period from 24 October, the date when the vic
tim was last reported alive, to 12 November, when the insect specimens were 
recovered from the gravesite. Table 1 gives the daily soil temperatures for the 
stated timeframe. 

Developmental standards for both S. nudesita and C. vicina were gleaned 
from the entomological literature. From these data, average accumulated degree 
day (ADD) values were calculated for each species by multiplying the develop
mental duration (in days) for each life stage by the rearing temperature. The 
ADD standards for S. nudesita and C. vicina were 540 and 461.5 respectively. 
These average ADD standards were compared with local average daily tempera
tures and an estimated date of initial colonization was calculated independently 
for each ny species by a simple reverse summation process. These dates were 
considered in light of local microclimatic conditions and the biological habits of 
each species, and an estimate of PMI was determined. Table 1 details the pre
dicted corpse colonization date calculations for both species. 

Results and Discussion 

Observations on Synthesiolnyia nude.f1ita. Synthesiomyia nudesita is 
widely distributed in tropical and subtropical regions worldwide (James 1947). 
\Vithin the continental United States this species ranges from California to 
Texas, and from North Carolina to Florida (Stone et al. 1965). However, no 
record of the collection of S. nudesita in South Carolina has been reported previ
ously. S. nudesita is known to breed in a multitude of decomposing plant and 
animal matedals, including human remains (Jiron 1983). 
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Table L Temperature records and accumulated dcgree days (ADD) for 
development of S. nudesita and C. vieina immatures collected 
from gravesite, Denmark, SC. 

TEMPERATURE rC)ACCUMULATED DEGREE DAYS 

DATE Ambicntll Soilb S. Iludesita.c C. vic/nod REMARKS 

1st Adult 
11122 21.10 emerged 
11121 21.10 21.10 
11120 21.10 42.20 
1lI19 21.10 63.30 

1st adult 
1lJ18 21.10 84.40 emerged 
11117 21.10 L05.50 21.10 

All maggots 
l1I16 21.10 126.60 42.20 pupanaled 
11/15 21.10 147.70 63.30 
1l/14 21.10 168.80 84.40 
11/13 21.10 189.90 L05.50 

Immature 
stages 
collected 

11/12 19.70 209.60 125.20 from gra\'c 
11111 18.35 227.95 143.55 
11/10 J7.50 245.45 161.05 
1lI9 15.25 260.70 176.30 

Body 
recovered 

11/8 16.10 276.80 192.40 from grave 
HI 7 16.10 292.90 208.50 
11/ 6 16.40 309.30 224.90 
11/5 15.55 324.85 240.'15 
11/ 4 19.50 344.35 259.95 
11/3 18.90 363.25 278.85 
H/ 2 20.25 383.50 299.10 
111 1 20.55 404.05 319.65 
10/31 17.75 421.80 337.40 
10/30 19.45 441.25 356.85 
10/29 20.55 461.80 377.40 
10/28 20.30 482.10 397.70 
10/27 22.80 504.90 420.50 

Probable 
oviposition by 

10/26 23.35 528.25 443.85 S. lludesita 
10/25 23.35 551.60 467.20 and/or 

C. vicino 

Victim last 
10/24 18.95 570.55 486.15 seen alive 

.. Average ambient temperature (Clemson, South Carolina, laboratory), 
b Average :Oil t..c!mpcrnture allO em depth (Edisto Research and Extension Center, Edisto, South Carolina). 
c Average C for S. nudesita for the period 10125 - 11/21 = 19.7; known ADD for S. nlldesila at 20°C = 540 

ADD<Rabino....ich 1970). 
J lweragc °c for C. vicino for the period of 10/25 _ IIJ 17 = 19.4; known ADD for S. vicino at 19°C = 461.5 

ADD (Grccnbcrg 1991). 
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In spite of being a cosmopolitan, semidomcstic species of potential forensic 
importance, little has been published concerning the ny's life cycle or population 
characteristics (Rabinovich 1970). Siddons and Roy (1942) studied the biology of 
S. nudesita in Calcutta during summer and found egg to adult development to be 
completed in 15 d. No rearing temperature data were pmvided for this study and 
its forensic value is thus limited. Rabinovich (1970) reared S. nudesita in the lab
oratory under near constant temperatures of 20 and 2Soc. These life history 
data are abstracted in Table 2. Because Rabinovich's data were for a tempera
ture of 20°C, nearly identical to the 19.7°c. average in this case. the averaging of 
ADD values was unnecessary; an ADD value of 540 was used. Summing regres· 
sively the observed degree day values, based on the available average daily soil 
temperatures from the date of first S. fludesita adult emergence, the ADD value 
of 540 was reached on 25 October. This was the 28th day prior to adult fly emer
gence. The predicted date of corpse colonization. as indicated by S. nudesita 
development, was thus 25 October. The PMI was estimated to be 14 d prior to 
the discovery of the body with the death having occurred either late on 24 Octo
ber or on 25 October. 

Table 2_	 Life history data (days) and aeeumnlated degree day (ADD) 
calculations for a Venezuelan population of Synthesiomyia 
lludesita (Diptera: Muscidae) reared at 20° and 2SoC. (from 
Rabinovich 1970). 

Days to complete a given stage 

STAGE 20°C 28°C 

Egg 2.0 1.0 
Larva 10.1 8.6 
Pupa 14.9 8.2 

Total 27.0 17.8 

ADD 540 498.4 
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In a study of carrion communities in Tennessee, Reed (1958) observed that 
muscid flies generally delayed their colonization of dog carcasses until the late 
fresh or early bloat phase of decomposition. In Hawaii, where S. nudesita is a 
common carrion invader, Buxton and Hopkins (1927) also found that corpse colo
nization by this muscid usually occurred several days postmortem. T. Tantawi 
(Alexandria Univ., Alexandria, Egypt unpublished data) found a significant dif
ference in time of oviposition by this fly on exposed VB. buried corpses in Alexan
dria, Egypt, with a consistent delay of several days in the former case. Tempera
tures and season were similar to those reported in this paper. However, this 
appears not to be so in the present case. ADD values indicate that there was lit· 
tle delay in corpse colonization by S. nudesito. because the victim was last seen 
alive on the morning of 24 October. This may reflect the assumption that soil 
temperatures at 10 em, 12 miles away were the same temperatures experienced 
by eggs, maggots, and pupae on the body and in soil under the house. A differ
ence of a few degrees might have altered the estimated PMI by a day or more. If 
development time was shortened due to higher temperatures, then the charac
teristic delayed oviposition by S. nudesito. reported by other authors would be 
confirmed. 

Alternatively. it is possible that one or more gravid females of S. nudesita 
were present under the house when the body was deposited there. During the 
fall season adult flies frequently seek dry sheltered sites such as that provided 
beneath a dwelling. Such behavior is even more likely for a northern population 
of a largely tropical species such as S. nudesita. The enhanced attractiveness of a 
readily available breeding medium (the decomposing body) when located in a 
confined and sheltered crawlspace where decompositional odors can become con
centrated, may have contributed to an atypical immediate postmortem oviposi
tion by S. nudesila. 

Observations on Calliphora vieina. Calliphora vicino. is a large slow-fly
ing, loud-buzzing, blue bottle fly common throughout temperate regions of the 
world (James 1947). In North America, C. vicino. is a frequent inhabitant of car
rion and is often utilized as an indicator of PMI (Greenberg 1985). In north tem
perate latitudes, C. vicino. has been shown to have a bimodal population distribu
tion with peaks in spring and fall (Lord and Burger 1984). Adults are encoun
tered in urban and suburban areas where they may enter houses during cooler 
seasons (Hall 1948, Greenberg 1971). 

Several laboratory and field studies have examined C. vicina development 
under various environmental conditions. Kamal (1958) reared C. vicino. in the lab
oratory at 27°C and determined an egg to adult development period of 18 d (486 
ADD). Nuorteva (1977) reared C. vicina outdoors at an average temperature of 
15°C and found that it took 33.8 d (507 ADD) for adult emergence. Recently, 
Greenberg (1991) reported a 24.3 d (461.5 ADD) duration at 19°C for C. vicina egg 
to adult development. Because of'the closeness between the average rearing tern· 
perature (19.4°C) for the collected C. vicina specimens and the known rearing data 
(19°C) reported by Greenberg (1991), 461.5 was used as the ADD standard. Sum
ming regressively the average daily soil temperatures. recorded at the Edisto 
Research Center. from the first day of C. vicina adult emergence (18 November). 
Greenberg's (1991) standard ADD value was reached between 24 October and 25 
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October. The probable date of colonization by C. vicina thus was considered to be 
either day. Given that C. uicina are typically among the first insects to colonize 
decomposing materials, provided that these materials are accessible and that 
weather conditions are suitable for adult fly activity, the estimated postmortem 
interval as indicated by this species was 14-15 d prior to the time the body was dis
covered. Again death was estimated to have occurred on 24 or 25 October. 

The predicted PMI as indicated by the analysis of the insect evidence exam
ined in this case coincided well with the determined facts. The primary suspect, 
who owned the residence beneath which the body was found, eventually provided 
investigators ",.-jth a detailed confession stating that the victim had been killed in 
the d....velling during early afternoon on 24 October. Following a brier domestic dis
pute, the decedent was shot once in the head at close range as she reclined on the 
sofa. Later that day, disposal of the body was accomplished by lowering it 
beneath the house via a small hole cut in the noor of a rear room. Once there, the 
body was interred in a shallow grave and superficially covered with books, news
papers, soil and debris. Several days later, bags of lime and dry cement were 
added in an effort to decrease decompositional odor. The murder weapon, a .22 
caliber rine, and numerous additional items of physical evidence were subse
quently recovered and the facts of the confession were corroborated. The home
owner entered a plea of guilty to the charge of voluntary manslaughter and was 
sentenced to thirty years in prison. 

This case further documents the usefulness of analyzing entomological evi
dence as an accurate means of estimating PMI, particularly in circumstances 
where decay is advanced and conventional meaSUl"es fail. However, several 
important factors were central to an accurate PMI assessment in this case. Only 
through a systematic search of the gravesite were representative samples of colo
nizing insects and their offspring collected. Medico-legal investigators should look 
extensively for corpse-dwelling insects in substrates around and beneath the 
body. Careful excavation and examination of such substrates is necessary in 
order to recover this sometimes cryptic insect evidence. 

Additionally, the timely referral of both living and preserved insect specimens 
to an entomological laboratory. for identification and rearing under controlled 
conditions, provided the database upon which accurate forensic determinations 
were made. In this case, the early recognition of multiple species allowed for the 
subsequent development of independent developmental time lines for each fly 
species and enhanced the accuracy of postmortem interval estimation. Medico
legal investigators should obtain entomological consultation early in the inves
tigative process when insect evidence is encountered or suspected. 

The use. in this case, of ADD analysis illustrates the potential accuracy of gen
eralized thermal measures as indicators of insect developmental rate. As Catts 
(1991) cautioned, however, the use of ambient temperature data from weather 
stations located in close vicinity to the corpse can give false perceptions of accura
cy unless viewed in the context of local microclimatic conditions and the physical 
characteristics of the death scene. In this case, the relative stability of' climatic 
conditions in the protected shallow grave beneath the house and the availability 
or both soil and air temperature data from a reliable research facility fostered the 
suitability of ADD. The accuracy of the PMI estimation could have been enhanced 
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further, however, if comparison temperature measurements were recorded at the 
gravesite. The superficial nature of the burial and delay in the application of 
chemical deodorants minimized insect repellency, but these measures may have 
reduced the size of colonizing fly populations. Relatively small numbers of devel
oping fiy larvae encountered in this case reduced the impact of maggot-mass gen~ 

crated heat on subsequent insect development. Mild weather during early decom
position permitted adult fly activity during critical body colonization periods. 

Medico-legal investigators should be aware of the potential negative impact 
which mechanical, chemical, and environmental barriers may have on the timing 
of colonization and subsequent insect development. When considering the use of 
ADD measurements of insect development as a basis for estimating Pl\U, careful 
consideration must be given to local environmental conditions and the physical 
characteristics of the death scene. Catts (1991) suggests that environmental con
ditions at the death scene should be recorded for severa] days following corpse 
removal to aJlow valid comparisons with those of more distant recording sites. 

The employment of S. nudesita as an indicator of post-mortem interval points 
to the potentia] usefulness of non~traditional entomological species in matters of 
forensic scientific significance. 

Acknowledgment 

The authors wish to acknowledge the extensive participation of the Bamberg County 
Coroner's Office in the investigation and resolution of this case. We wish to exprcss thanks 
to Supervisory Special Agent Roger Amrol, SSA Stephen Allen, SSA Edward Hurwitz, Dr. 
James Luke, SSA Dale Moreau, and Dr. William Rodriguez for their' critical review of the 
manuscr·ipt. Ms. Debrah Hauger providcd valuable editorial assistance. 

References Cited 

Buxton, P. A, and G. H. E. Hopkins. 1927. Rescarches in Polynesia and Melanesia, Part 
llI, Medical entomology. London School Hygiene and Tropical Med. Mem. 1: 51-85. 

Catts, E. P. 1991. Analyzing entomological data, pp. 24·35. In E. P. Catts and N. I-I. 
Haskell, leds.l. Entomology and death: a procedural guide. Joyce's Print Shop, Clemson, 
South Carolina, 180 pp. 

1992. Problems in estimating the postmortem interval in death investigations. J. Agric. 
Entomol. 9: 245 -255. 

Catts, E. P., and M. Lee Goff. 1992. Forensic entomology in criminal investigations. Ann. 
Rev. Entomol. 37: 253-272. 

Catts, E. P., and N. H. Haskell [eds.l. 1991. Entomology and death; a procedural guide. 
Joyce's Print Shop, Clemson, South Carolina, 180 pp. 

Greenberg, B. 1971. Flies find disease. PrinceLon Univ. Press, Princeton, New Jersey, 856 pp. 
1985. Forensic entomology: case studies. Bull. Entomol. Soc. Am. 31: 25-28. 
1991. Flies as forensic indicators. J. Med. Entomol. 28: 565-577. 

Hall, D. G. 1948. The blowflies of North America. The Thomas Say Foundation, Baltimore, 
477 pp. 



235 LORD et al.: S. nudesita and C. vicina to Estimate Time of Death 

James, M. T. 1947. Flies that cause myiasis in man. United States Department of Agricul
ture Miscellaneous Publication No. 631, Washington, D.C., ]75 pp. 

Jiron, L. F. 1983. Four muscoid flies (Sarcophagidae and Muscidae) associated with human 
cadavers in Costa Rica. Brenesia 21: 3-5. 

Kamal, A. S. 1958. Comparative study of thirteen species of Sarcosaphrophagous Cal
liphoridae and Sarcophagidae (Diptcra). I. Bionomics. Ann. EntomoL Soc. Am. 51: 261
270. 

Keh, B. 1985. Scope and applications of forensic entomology. Annu. Rev. Entomol. 30: 137· 
154. 

Lord, W. D., and J. F. Burger. 1984. Arthropods associated with herring gull (Larus 
argentatus) and great black-backed gull (Larus marillus) carrion on islands in the Gulf of 
Maine. Environ. Entomo!. 13: 1261-1268. 

Lord, W. D.t and W. C. Rodrib"Uez. 1989. Forensic entomology: the use of insects in the 
investigation of homicide and untimely death. The Prosecutor 22: 41-48. 

Lord, W. D., R. W. Johnson, and F. Johnson. 1986. The blue boUle fly, Calliphora vicino 
(=Erythrocep}w[a) as an indicator of human post-mortem interval: a case of homicide 
from suburban Washinb>1.on, D.C. Bull. Soc. Vecw" Ecol. 11: 276-280. 

Nuorteva, P. 1977. Sarcosapl'ophagous insects as forensic indicators, pp. 1072-1095. In C. 
G. Tedeschi, W. G. Eckert, and L. G. Tedeschi, Forensic medicine, a study of trauma and 
environmental hazards, vol. n. Saunders, Philadelphia, 1159 pp. 

Rabinovich, J. E. 1970. Vital statistics of Synthesiotnyia ,wdesita (Diplera: Muscidae). 
Ann. Entomol. Soc. Am. 63: 749-752. 

Reed, H. B. 1958. A study of dog carcass communities in Tennessee, with special reference 
to the insects_ Am. MidI. Nat. 59: 213·245. 

Siddons, L. B.t and D. N. Roy. 1942. On the life history of Synlhesiomyia nlldesita 
(Diptera: Muscidae> a myiasis-producing fly. Parasitology 34: 239-245. 

Stone, A C., C. W. SabroskYt W. W. Wirth, R. H. Foote, and J. R. Coulson. 1965. A cat
alog of the Diptera of Americn north of Mexico, United States Department of Agriculture, 
Agricultural Research Service, Agricultul'al Handbook 276, Wnshington, D.C., ]996 pp. 



Problems in Estimation of Postmortem Interval
 
Resulting from Wrapping of the Corpse:
 

A Case Study from Hawaii'
 

M. Lee Goff 

Dept. of Entomology
 
3050 Maile Way
 

University of Hawaii at. Manoa
 
Honolulu, Hawaii 96822
 

J. Agric. Entomol. 9(4):237·243 (October 1992) 

ABSTRACT The remains of a female were discovered on the island of 
Oahu, Hawaiian Islands, wrapped in two layers of blankets. The Diptera 
recovered from the remains indicated a postmortem interval of 10.5 d. based 
on developmental rates for two species of Calliphoridae: Chrysomya mega
cephala (Fabricius> and Chrysomya rufifacies (Macquart). It was experimen
tally determined that the wrapping of the remains in blankets delayed inva
sion of the remains for oviposition by flies by 2.5 d, thus resulting in a final 
postmortem interval estimate of 13 d. This estimate was consistent with the 
circumstances of the case, as the victim had last been seen alive during the 
afternoon 14 d prior to discovery of the remains. 

KEY WORDS Forensic entomology, postmortem interval, Diptera, Calliphori
dae, ADH, developmental rates, barriers. 

During the past several years, there has been a renewed interest on the part 
of entomologists, medical examiners, and law enforcement agencies in the tech
niques for estimation of postmortem intervals using entomological evidence. 
This renewed interest has resulted in publication of a number of baseline stud
ies detailing the roles of insects in the decomposition process (Early and Goff 
1986, Tullis and Goff 1987), basic biological and systematic studies on taxa 
involved in the decomposition process (Erzinclioglu 1985a, Baumgartner and 
Greenberg 1986, Braack and Retief 1986, Liu and Greenberg 1989, Goodbrod 
and Goff 1990), and case studies (Greenberg 1985, Lord et al. 1986, Goff and 
Odom 1987, Goff et al. 1988, Hawley et al. 1989). To a large extent, these pub
lished case studies have detailed methodologies for estimation of the post
mortem interval for remains which have been readily available for insect colo
nization either inside of dwellings or out of doors. Few published cases have 
dealt with situations in which the insects are prevented from accessing remains 
readily due to barriers, such as plastic or cloth wrappings or burial. There has 
been some experimental work on decomposition of buried remains by Rodriguez 
and Bass (1985). Nuorteva (l977) detailed a case in Finland in which covering 
of the remains with a polyethylene sheet served to delay colonization by flies for 
4-5 d, and another in which a thin layer of soil had delayed oviposition by 7 d. 
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Erzinclioglu (l985b) reported a case in which the remains had been wrapped in 
a blanket, which served to delay insect colonization. The case reported here 
demonstrates the effect of wrapping remains in layers of blankets on the ovipo
sition by Calliphoridae on the island of Oahu, Hawaii. 

Case Study 

The remains of a 32-yr-old female were discovered by searchers in a brushy 
area near Kahuku on the north shore of Oahu at ca. 1400 h on 31 December 
1989. The remains wcr"c wrapped in two layers of blankets and securely tied 
with an elastic bandage (Fig. 1). There were a large number of adult Calliphori
dae present in the area surrounding the remains and on the blankets enclosing 
the remains. These flies represented three species commonly associated with 
decomposing remains on the island of Oahu (GolT et al. 1986): Chrysomya mega
cephala (Fabricius), ChrysOl1tya rufifacies (Macquart), and Phaenicia cuprina 
(Wiedemann). Specimens of these flies were collected prior to removal of the 
blankets from the remains. On the outer surface of the blankets, there were egg 
masses of Diptera along with puparia of both C. megacephala and C. rufi[acies. 
An adult histerid, Saprinus ill-gens Erichson, was also collected from the outside 
of the blankets. As the blankets were unwrapped, a centipede, Scolpendra sub
spinipes Leach, was observed preying on maggots. Numerous puparia of both 
C. megacephaia and C. rufifacies were present between the folds of the blankets. 
Physically, remains were in the bloated stage of decomposition, as defined by 
Early and GofT(l986} during their studies in Hawaii. The head was characteris
tically blackened, while the torso appeared intact, although the abdomen was 
markedly inflated (Fig. 2). Ch.rysomya megacephala was collected from the 
remains as second instal' larvae, measuring 4 mm in length, and third instal' 
larvae, measuring 12~14 mm. Chrysolnya ru[i[acies was present on the head 
and neck areas of the remains as third instal' larvae. Those larvae collected 
from the head measured 12-14 mm, while those from the neck measured 7-9 
mm. Larvae of a species of Phaenicia were also present on the remains as third 
instal' larvae measuring 5~6 mm. Rearing of these larvae to adults in the labora
tory was not successful and species identification was not possible. There are 
two species of Phaenicia associated with decomposing remains in Hawaii (Goff 
et al. 1986): P. cuprina (Wiedemann), and P. serricata Meigen. Of these, adults 
of only P. cuprina were collected from the outside of the blankets at the scene. 

Representative samples of larvae and puparia of C. megacephala and C. rufi· 
facies were taken from the remains and blankets for rearing in the laboratory. 
These samples were held in environmental chambers at 26°C from 1600 on 31 
December 1989 until adult emergence. The first adults of C. megaceph.ala 
emerged at 0100 on 2 January 1990, followed by nine adults at 0830, 3 January, 
and the remainder by 4 January. The first adult C. rufifacies emerged on the 
morning of 4 January 1990. Results of laboratory studies on the rates of devel~ 

opment of C. megacephaia (unpublished data) conducted in the Forensic Ento
mology Laboratory, University of Hawaii at Manoa, indicated a minimum 
requirement of 6,415 accumulated degree hours (ADH) for development from 
egg to adult at 23.5°C. Using data from rearing studies conducted at 26°C 
(unpublished data), it was determined that the period of development passed in 
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Fig. 1. Remains of a 32-yr-old female wrapped in two layers of blankets and 
tied with an elastic bandage. 
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Fig. 2. Remains of a 32-yr·old female after blankets had been unwrapped. Post
mortem interval estimate 13 d. 
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the environmental chamber at 26°C accounted for 858 ADH, leaving 5,557 ADH 
of development on the remains at the site. Climatic data were obtained from 
NOAA Weather Station 911, located at the Amorient Aquafarms, approximately 
0.75 km from the discovery site. These data indicated that temperatures had 
ranged between 20.5 and 23.8°C during the time period in question. These tem
peratures were all well within the activity range for both C. mega.cephala and 
C. rufifacu,s. The rearing data for 23.5

0 

C were used for calculations, as these 
most closely approximated the temperatures for the area during the time period. 
These calculations indicated a minimum period of 10.5 d postmortem interval. 

As the remains had been wrapped in two layers of blankets and securely tied, 
access to the remains by flies for oviposition would probably have been delayed. In 
order to estimate the period of probable delay, the circumstances of the remains 
were recreated in a similar habitat in Kaneohe, also located on the windward side 
of the island of Oahu. All of the species of Oies potentially associated with the 
remains were also present at this site: C. megacephala, C. rufifacies, P. cuprina, 
and P. serricala. A freshly killed pig, 7 kg in weight, was wrapped in two layers of 
blankets and tied in the same manner as the remains. The pig was placed in a 
wire mesh (2.5 em sq mesh) exclosure cage in a semi-shaded location. Tempera
tures dw;ng this period were similar to those at the recovery site for the time 
period in question, ranging from 20.5 to 23.8°C. The pig was checked at 3-h inter
vals and flies excluded during the unwrapping and examination of the pig by 
nylon mesh netting. Under these conditions, flies first penetrated the wrappings, 
through folds around the head of the pig and o\,;posited 2.5 d following exposure. 
As the area was predominantly residential, it was not possible to replicate this 
experiment. Subsequent repetitions of the experiment have yielded times of2.4 to 
3.0 d for penetration under similar temperatures at the same site in Kaneohe. For 
the present case, the time of 2.5 d was combined with the times indicated by the 
developmental stages recovered from the remains at the time of discovery to give 
a minimum postmortem interval estimate of 13 d. 

Remarks 

The estimate resulting from the above experiment and laboratory developmen
tal data fit well with facts independently obtained for this case. The victim had 
last been seen alive during the afternoon, L4 d prior to the discovery of the 
remains and had, later that day, been observed by neighbors "sitting or propped 
up" in the passenger seat of the defendant's truck. The defendant in this case, the 
victim's husband, was subsequently convicted of the charge of murder dUl'jng a 
trial held in HonoluJu. 

The delay in colonization of the remains by insects at the death scene for the 
animal model, due to wrapping in the blankets serves to emphasize the necessity 
for consideration of all of the circumst.ances surrounding the remains when pro
viding a postmortem interval estimate. Other factors, as noted by Mann et al. 
(990), such as clothing or substrate, will also serve to alter the rate of insect colo· 
nization of remains and resulting patterns of decomposition. \\Then the forensic 
entomologist is dil'ectly involved in the p"oeessing of the crime scene, these factors 
will be noted. If the entomologist is not directly involved, suflicient data must be 
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supplied to allow for consideration of these factors when providing the post
mortem interval estimate. 
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ABSTRACT Estimation of the postmortem interval (PMl) using faunal 
diversity, development and succession in human death investigations is 
based on a number of assumptions. Investigators should not be overly 
dependent on the few baseline studies currenlly in use to estimate the PM!. 

This paper reviews a number of problems to be considered when using 
inse<:ts to estimate the PMI: 

1. Insect activity in inclement weather and at night.
 
2.1'iming of blow fly oviposition.
 
3. Mixed fly populations and staggered broods. 
4. Seasonal efTects on maggot-generated heat. 
5. Effect of maggot-generated heat. 
6. Impact of species arriving out of sequence. 
7. Availability of gravid blow ny recruits at the scene. 
8. Effect of drugs, toxins, and parasitoids on maggot development. 

A discussion of these problems is presented along with some approaches 
to their solution. 

KEY WORDS Forensic entomology, postmort.cm interval, COl-pSC, insect fauna, 
blow nics, Calliphoridae, Diptcra. 

The major contribution made by a forensic entomologists in a homicide 
investigation is an estimate of the duration of the postmortem interval (PMI). 
Some added contributions include indication of movement of the corpse, and 
possibly the manner of death. Estimating the PMI involves the setting of the 
maximal and minimal probable time interval between death and corpse 
discovery (Fig. 1). The maximal limit is determined by the species of insects 
present, and the "weather windows" available for activity of these species. The 
habits and mix of species can be used to give a crude estimate of the earliest 
time of corpse exposure. 'Weather windows are intervals of conditions, usually 
warmer tempel'atures and sunshine, when carrion-seeking species are likely to 
be active. The minimal limit is determined largely by estimating the age of 
developing immature insects at the time of corpse discovery. The relationship 
between the age of immatures and the PMI is determined from a few published 
baseline studies with rates adjusted by interpolation t.o include the influence of 
climate, season, weather, and location. 

I Received for publication 6 March 1991; accepted 14 February 1992. 
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Fig. 1. A generalized death and decomposition scenario relating to the setting of 
an estimated post mortem interval (PM!) by using the analysis of faunal 
evidence. Note that discovery may occur at. any phase of corpse decompo
sition (modified from Catts and Haskell 1991). 

An accurate PMI is of primary importance in any homicide investigation 
because it may narrow the field of suspects and may aid in identification of the 
deceased. However, the estimated PMI is based on a number of questionable 
assumptions, not the least of which is that an insect population is available to 
exploit the corpse immediately following death. The entomologist's estimate is 
based on a chain of generally valid assumptions, but variance or error in any 
one of these assumptions can skew the accuracy of the estimated PMI. This 
paper will identify some of these assumptions and their weaknesses in an effort 
to channel future research to improve the accuracy of PMI estimates. 

Smith (1986) listed several critical areas needing further research with 
regard to faunal succession in corpse decomposition: 

(1) Effect of premortem eating, drinking, drugs and toxin. 
(2) Effect of the cause of death. 
(3) Effect of postmortem treatment of the corpse. 
(4) Effect of corpse location. 
(5) Refinement of the effect of heat and humidity. 
(6) Studies of faunal biology and ecology. 
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The emphasis here will be on the early successional arthropods, primarily 
blow mes (Diptera: Calliphoridae). Blow mes are generally the most dominant, 
and conspicuous insects in the decomposition process, and their occurrence and 
biology are used most often in making a PM] estimate. 

At present PMI estimates are drawn from a few baseline studies (e.g., Kamal 
1958, Greenberg 1991) which require careful interpolation to adjust faunal 
occurrences to each peculiar death investigation. However, baseline studies are 
done most often under a controlled laboratory regimen, making interpolation 
with incomplete field data specious. Studies should be expanded and tested in 
controlled field situations in order to improve the accuracy of the interpolations. 
The ultimate goal is to remove reasonable doubt regarding the accuracy of the 
final PM1 estimate. 

Before reviewing the typical PM] scenario some general parameters, listed 
below, should be considered which apply to the more than 60,000 deliberate 
deaths (homicides and suicides) in the U.S. each year (Anonymous 1988). 

(1)	 Most homicides occur at night, under cover of darkness, when primary 
carrion invaders are presumably inactive. 

(2) Most homicides are by gunshot (61%), and by stab or slash incisions (14%) 
(Anonymous 1987). 

(3) Most crime investigators only infrequently work on homicide cases. Very 
few know much about entomology. Large metropolitan areas can assign 
specialists to such duties. but small urban and rural law enforcement 
agencies have neither the personnel nor experience for this specialization. 

PMI Scenario 

Most murders occur under the cover of darkness when first seral wave 
insects (flies) are not actively seeking carrion. The victim may be whole, muti
lated or shrouded in some way, which can have an effect on time of insect dis
covery and on the rate of subsequent decomposition (Smith 1986). Death may 
have occurred at the death scene (where the corpse is discovered), or elsewhere, 
with postmortem transport of the victim to that location. Corpse transport may 
be a deliberate action by the murderer, the action of secondary scavengers, or of 
natural phenomena such as landslide, avalanche, or free fioating water trans
port. With the coming of daylight and warming air temperatures insects will 
discover the corpse. Generally, blow flies are first to arrive and in general their 
activity requires ambient air temperatures of at least 10°C (Williams 1984). 

The first wave of insects, especially certain blow mes and Oesh mes (Sarc
ophagidae), are attracted to the natural moist body openings, open wounds, 
and/or pooled blood of the victim where they feed and oviposit. An array of 
arthropods follows in a rather predictable, successional sequence of waves (or 
seres) to inhabit either the corpse or the seepage area beneath the corpse. These 
animals feed on the corpse, on corpse seepage, or on other fauna attracted to the 
remains. 

Corpse decomposition passes through a gradation of decompositional phases 
from fresh to bloat, to decay and to dried or putrid remains (Payne 1965) (Fig. 1). 
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The weight and size of the corpse decreases rapidly during the active decay phase 
largely due to the consumption of corpse tissue by developing maggots which 
crawl away from the body when fully developed, and to loss of Ouids mostly 
through seepage. This drop in biomass separates active and advanced phases of 
decomposition (Fig. 1). 

After human discovery of the decomposing corpse, death investigators at the 
crime scene may make representative collections of the more conspicuous inver
tebrate fauna. More often this aspect of death investigation is regarded as 
repulsive and the collections are left to the coroner during autopsy. Usually 
these investigators have little knowledge or experience in what to collect, how 
to collect and how to handle or process insect specimens properly. The rate of 
maggot development and the identity of fly species which are taken from the 
remains are generally key evidence for the entomologist in estimating the PMI. 

Preserved specimens are identified to species, and to stage and age of develop
ment. Any living immatures collected, are reared to confirm the species detenni
nations made from preserved immature specimens. From these identifications, 
and from the estimated age of specimens collected from or under the corpse, the 
forensic entomologist estimates the probable PMJ and submits a formal report 
justifying this conclusion. 

Events Which Influence Accuracy of Estimated PMI 

Are there flies ready to start the clock? The clock time of oviposition by 
the initial wave of carrion invaders is of paramount importance in making the 
PMI estimate. One assumption usually made is that there is a ready population 
of first wave insect recruits, especially nies, waiting to begin oviposition on the 
fresh corpse as soon as environmental conditions allow. This is often the case, 
especially in mid-summer. However, immediate oviposition may not occur even 
with those species which prefer carrion in the early fresh phase. Generally 
female blow nies begin to oviposit from several days to a week or more following 
emergence and mating (Greenberg 1973). After that they continue to oviposit 
over a 2- to 3-wk period (Kamal 1958). Thus, even though blow mes may be 
attracted immediately to fresh remains, they may not O\'iposit, but may undergo 
a preovipositional pause. They also may feed on pooled blood as a protein sup
plement and then wait for digestion and assimilation of the meal. Even though 
gravid female nies can retain eggs for 1-2 wk in the absence of a suitable ovipo
sition medium, nies are not uniformly distributed over the landscape. They tend 
to concentrate in shaded, moist areas with taller canopy vegetation, as may be 
characterized by an open field/woodland ecotone (Norris 1965). Thus, their dis
tribution tends to be in elongated clumps which follow the local topography and 
plant community types (Hightower and Alley 1963, Greenberg 1973). 

\Vhen are flies active? Another assumption is that first wave Diptera will 
not actively see carrion 01' oviposit after sundO\\'n, or during inclement weather. 
However, there is some evidence of nocturnal flight activity and oviposition by 
some Calliphora species (Green 1951). Recently Greenberg (1990) demonstrated 
the willingness of Phoenicia sericata (Meigen) to oviposit at night in an urban 
field setting even though this species is usually diurnally active. This may relate 
to the closeness of gravid flies to the death scene. Such a situation should be 
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anticipated if topography and plant cover indicate proximity of a Oy concentra
tion site with the corpse. On the other hand insects such as ants and beetles 
predators of fly eggs and maggots - show increased foraging activity at carrion 
during nocturnal periods. Also, brief periods of sunshine interspersed in what 
might otherwise be considered inclement weather are sufficient to permit adult 
fly activity at carrion. During cooler seasonal periods sunshine appears to be a 
more important blow fly activity stimulus than is the ambient air temperature 
threshold (Greenberg 1973l, probably because of radiant warming to a night 
threshold above ambient temperatures by direct or reradiated heat. A gravid 
female of the calliphorid Cynomya cadaverina (Robineau~Desvordy)immobilized 
on carrion by cold temperatures was observed to resume egg laying when 
exposed to direct sunlight for only a brief period (personal observation). The 
influence of meteorological factors on fly activity has been aptly reviewed by 
Greenberg (1973) but still is an important subject for future forensic research. 

What were the weather conditions? Generally, local weather records are 
used to reconstruct the ambient temperatures experienced by corpse-associated 
fauna. \Vhether or not conditions recorded at a weather station some distance 
from the corpse site are valid needs to be considered. Even with a recording sta
tion close by, this should be questioned. Although gross weather conditions may 
be quite similar, microhabitat conditions may differ considerably and may not be 
comparable. Vegetational cover, air drainage and slope exposure all influence 
microhabitat conditions greatly. 

Completion of blow fly maggot development is manifested by the rapid loss in 
corpse body weight when post-feeding maggots leave the remains (Fig. 1). Local 
site differences were revealed in a study of paired decomposing pigs near 
Olympia, Washington (E. P. C., unpublished datal. Although both pigs (20-22 kg 
weight) were located in the same continuous woodland 300 m apart, one carcass 
was in open sun and one is shade provided by the tree canopy. Air temperatures 
at the exposed site typically were higher than those for the shaded site, except 
at night, and the pig in the open was reduced to 17% of its body weight 18 d 
sooner than the pig in the shade. 

Topography, slope exposure and broken cloud cover in a general area produce 
overriding modifications of area macro-weather. Averaging daily records of tem
perature highs and lows gives only a crude idea of actual site conditions. Conse
quently, calculations of accumulated degree·days (ADD) to estimate the dura
tion of maggot development is often based on weak reference air temperature 
data. ADD summations using soil temperatures appear to have greater valid.ity. 
A partial remedy for this problem is to record weather at the death scene for 3-5 d 
following removal of the corpse to give a basis for some interpolation of consistent 
weather differences with those of the more distant recording station (Catts and 
Haskell 1991). 

Maggot-mass generated heat. Ambient air temperatures does playa dom
inant role during egg and early larval development, but its effect decreases 
rapidly. This is because the temperature of'the substrate on which the maggots 
feed may be warmed to a large degree by maggot and microbial activity, which 
generates considerable metabolic heat. A large maggot-mass results from an 
abundance of eggs following "oviposition frenzy" by aggregated gravid female 
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blow flies. Eggs develop as the body cools and early maggots develop at a rate 
which is in synchrony with fluctuations in ambient temperature. In the late sec~ 

and and entire third iostar however, heat generated by maggot metabolic activi
ties far exceeds ambient temperature and, in effect, produces a stable optimal 
heat level for accelerated larval development. Lahoratory studies (Kamal 1956) 
conducted under constant temperature are generally done with maggots too low 
in numbers and at heat levels too low to simulate this metabolic heating effect. 
Further, by moving in and out of the mass, individual maggots can somewhat 
control their own environmental temperatures. 

In field studies in Tennessee using swine carcasses and human corpses as 
surrogate murder victims (N. H. Haskell, Purdue Vniv., personal communica
tion), the maggot-mass heated regions of the body stayed well above that of the 
air temperature (except at night) so that the skin surface of a carcass in active 
decay felt warm. Payne (1965) reported a similar situation in his study using 
thawed fetal pigs. In pig studies during the fall season in Washington maggot
mass temperatures exceeded subfreezing ambient low temperatures by as much 
as 35"C, even though carcass anal temperatures were only gOC above the low 
(unpublished data). The highest maggot-mass temperature recorded by this 
author was 50°C, a level considerably above laboratory baseline studies used to 
establish maggot development rates. Regardless of season, maggot-mass tem
peratures ranged as much as 35-45"C higher than ambient low temperatures 
and about 20"C above ambient high temperatures (Fig. 2A, B). 

The lower threshold of maggot density needed to generate heat sufficient to 
override ambient fluctuations is not known, and probably differs among species 
and perhaps among geographic races within species. Marchenko (1988) reported 
that accelerated development of maggots began when maggot density was equal 
in ratio with the weight of the medium (i.e., one maggot/g of medium). Goodbrod 
and Goff (1990) reported internal maggot-mass feeding temperatures above 
ambient for different population densities in the laboratory, with maximal tem~ 

peratures occurring at densities 'of 20 and 40 larvae/g of liver for two blow ny 
species. Conversely, puparial weights, lengths and adult weights at emergence 
decreased with increasing population density. Although the population densi
ties in their study appear to be high, they do regularly occur within a corpse in 
the zone of concentrated maggot-mass activity. Apparently, temperatures in the 
40"C range are not detrimental to developing maggots for a brief duration. As 
maggots move from the carcass in the prepupal or postfeeding period (Figure 1, 
maggot exodus) there is an exaggerated loss of corpse biomass and the heat of 
the mass transfers to the ground underlying the remains so that subcarcass 
temperatures also may exceed ambient temperatures (Fig. 2). As maggots from 
the mass scatter and pupariate, this ground heat also dissipates. 

The heat associated with the maggot-mass serves to heat-load more or less of 
the carcass, depending on the season (Fig. 2). The highest internal temperatmes 
are recorded during active decay, that period when the maggots and the mass are 
more developed. In mild seasons heat-loading may include most of the remains. In 
contrast, during cool seasons this loading effect is masked because the generated 
heat dissipates more rapidly due to lower ambient temperatures. The mass then 
appears to be more compact and the generated heat more localized (Fig. 2B). 
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Another important consequence of maggot-mass heat is that maggot develop
ment may not be arrested when a corpse is held in a refrigerator prior to autop
sy (N. H. Haskell, Purdue Univ., personal communication). Thus the collection 
of maggot specimens for preservation at the death scene is preferred if an accu~ 

rate estimate of PMI is to be made, because maggots collected from a mass may 
have continued to grow while the body and maggot-mass were in cold storage 
before autopsy. 

The effect of maggot-mass warming may also differ seasonally. In temperate 
regions during the spring season with gradual warming trends, the rate of egg 
and early immature maggot development is governed largely by changes in 
ambient temperatures. This is reversed in the fall season, and the seasonal cool
ing trends probably have much less eITect on maggot development rates because 
of maggot-mass generated heat. 

An abundance of foraging predators, such as ants or yellowjacket wasps, also 
can have an impact on the rate of decomposition (Early and Goff 1986) and could 
affect the rale of maggot development. The removal of eggs and smaller maggots 
may reduce the size of the maggot-mass or disperse the mass sufficiently to 
reduce the metabolic heat produced. In a cool climate the rate of maggot develop
ment may then be depressed. Further study is needed on 1) the minimal size of 
the maggot-mass sufficient to modifY substrate temperatures, and 2) the level of 
predation necessary to deplete the maggot-mass so that generated heat is too 
rapidly dissipated to accelerate maggot grov.rth. 

Numerous workers have noted that carrion in nature may be overloaded 
with a far greater number of eggs than there is food for maggot development 
(Norris 1965). This usually results in the production of adult mes of reduced 
size and fecundity (Greenberg 1973). Generally this is attributed to the adverse 
effects of competition (Smith 1986). However, heat-loading of the corpse by the 
developing maggot-mass appears to be one unrecognized benefit of an overabun
dance of blow fly eggs by allowing a more rapid development of the vulnerable 
maggot stage. Another benefit is an enhanced capacity for wider dispersal of 
progeny by a greater number of smaller female flies. Perhaps those maggots 
which hatch early have the advantage of an unlimited food supply over later 
arrivals, but the benefits of maggot-mass generated heat may offset this advan
tage for maggots developing from eggs laid during the oviposition frenzy. 

Generally, studies of maggot development rates have concentrated on single 
species populations of uniform age. In those studies whel'e mixed-species popu
lations were studied, the outcome of interspecific competition was the focus, not 
the influence of the interaction on developmental rates of species involved. 
There also has been little study of interactions involving mixed age classes of 
single or mixed species of maggot populations. [n reality, the maggot-mass in 
the decomposing remains is a complex of species in mixed-age classes. The prob
able impact of the maggot-mass heat generation phenomenon on development 
rates, and ultimately on determination of the minimal PMI, demands much 
more study. 

It is no longer common practice in homicide investigations to record the tem
perature of the corpse at the crime scene. But such information can be very 
valuable in estimating the PM] from maggot development. Routine death scene 
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investigation procedures should include a record of temperatures for the body 
surface (shaded>, beneath-corpse substrate, and the maggot-mass whenever 
possible, prior to movement of the remains (Catts and Haskell 1991). 

Movement of the corpse. Disturbance of the decomposing remains inter
rupts the successional process. Even in controlled field studies the infrequent 
and brief lifting of a decomposing animal carcass on a rigid wire grid was noted 
to prolong decomposition over that of undisturbed adjacent carcasses (M. L. 
GoIT, U, of H3\\'aii, N. H. Haskell, Purdue Univ., personal communications). In 
areas where large carrion scavengers occur (e.g., bears, coyotes, feral dogs, 
eagles and vultures), moving of a decomposing corpse probably has a similar 
effect. Road-killed deer carcasses may be moved 20-30 m during the night, pre
sumably by coyotes (personal observation). Haglund et al. (1989) reported that 
30 of 46 corpses were disturbed by canid scavengers. Some were scattered or 
moved as much as 160 m. During warmer seasons this disturbance happens 
early during decomposition; during cooler seasons it may occur over a much 
longer period. Perhaps this disturbance of a corpse may delay the normal devel
opment of associated fauna enough to influence the PM] estimate. 

Premortem condition of the deceased. The effect of substances ingested, 
imbibed or otherwise taken internally prior to death was identified by Smith 
(1986) as an area needing research in forensic entomology. Nuortev8 and 
Nuorteva (1982) showed that a lethal toxin such as mercury has an adverse 
effect on maggots feeding on contaminated tissues. In laboratory experiments 
Goff et al. (1989) demonstrated that serial levels of cocaine and its by-products 
in tissues proportionately accelerated the rate of development of a sarcophagid 
fly. Further, in one homicide case study, developing maggots of P. seniata 
showed a similar accelerated growth response to cocaine (Catts and Haskell 
1991). One late-instal" maggot from the nasal passages of' the deceased was 
nearly double the size of all others from the same sample. The deceased in this 
case had been seen alive 1 wk earlier and yet the larger maggot indicated a PMI 
of at least 10 d. Further investigation established that the deceased had "snort
ed" (inhaled) cocaine 6 h prior to death. This suggests that the Jarger maggot 
had fed on cocaine·enriched tissue which had accelerated its growth. Because 
larger maggots generally require a longer development time, they are often 
used as key indicators of minimum PMI. The effect of drugs and toxins on devel
oping maggots is another area deserving much more research and careful con
sideration in estimating the PMI. 

A Need For Expanded Research 

Numerous case studies have demonstrated that forensic entomology is a 
valuable adjunct to death investigations (Nuorteva et al. 1974, Erzinclioglu 
1983, Greenberg 1985, Goff and Odum 1987). However, our knowledge of the 
biology and ecology of fauna associated with the decomposing corpse must be 
refined. The problems discussed in this paper relate to estimating the PMI, a 
key element in any death investigation. They are all areas in need of immediate 
research efforts. Studies should include experimental field as well as laboratory 
research. They should be expanded to include buried, emersed, burned or 
enclosed carrion. [n this paper the discussion has focused on blow fly ecology 
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because more is already known about these insects. The array of other inverte
brates associated with corpse decomposition is extensive and complex, and 
much more knowledge of them is needed. 
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ABSTRACT House ny populations in Mississippi, Maryland, and New 
Jersey which were poorly controlled with a 5.0·ppm cyromazinc reed-through 
treatment were bioassayed to determine their response to this chemical. 
Resistance factors (RF's) of 25.6 to 014.6 werc found. These [lrc significantly 
higher than RF's selected with an earlier 1.5-ppm cyromazine feed-through 
ll'catmenl. Resistance potential of a more concentraled sprayable cyromazine 
has proven to be less in a United States study and in Denmark because its 
higher intermittent dose is less selective for resistant individuals. The 
sprayable cyromazine's potential for resistance selection in these preselected 
populations is unclear. 

KEY WORDS Resistance, cyromnzine, Larvadex®, house fly, feed-thl"Ough, 
t'vtu8ca domeslic«, Diptera, Muscidae. 

Cyromazine is a novel insect growth regulator (IGR) effective at very low 
levels for control of dipterous larvae, especially house flies, Musca domestica L. 
(Hall and Foehse 1980). This malerial was derived f"om azidotriazine 
herbicides. The mode of action may be to disrupt ecdysis through the endocrine 
system (Friedel et al. 1988). 

A brief commercial history of cyromazine was given by Sheppard et aL 
(1989). Cyromazine was first marketed in 1982 by Ciba-Gcigy Corp. 
(Greensboro, North Carolina) as Larvadex® for house fly control in caged-layer 
hen manure. The formulation was 0.3% feed·through premix designed to be 
mixed in a ton of feed to produce 1.5 ppm cyromazine in the final mixture. In 
1987 Ciba-Geigy introduced a 1.0% Larvadex premix to increase the c)rromazine 
concentration to 5 ppm in the layer's feed. 

Previous to, and during its first two years of commercial use. Larvadex was 
used successfully in the United States (Sheppard et al. 1989). House liy control 
at the 1.5-ppm rate or even ca. half of that was reported to be completely 
effective (Hall and Foehse 1980, Sheppard et al. 1989). However since 1985 
there have been reports of control problems associated with cyromazine 
resistance in field·collected house liies in Texas (Shen and Plapp 1990), and in 
Georgia and Mississippi (Sheppard et al. 1989). Resistance factors (RF) ranged 
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from 4.2 to 21.0 in these reports. Iseki and Georghiou (1986) reported on a labo
ratory strain of house flies from Pennsylvania that had an RF of 3.8. These had 
been selected with cyromazine in the field for 2 yr, but failure of control was not 
mentioned. Bloomcamp et al. (1987) reported on a lab selected colony which 
reached an RF of 69.8. The stock for this colony was collected from a Florida 
caged-layer facility where cyromazine had been used for two seasons. 

This paper reports on three caged-layer operations in three states where 
house fly populations were not controlled with the newer 5.0·ppm cyromazine 
feed treatment and where high levels of cyromazine resistance were detected. 

Methods and Materials 

The house fly populations studied were collected from caged layer facilities in 
Hinds Co., Mississippi in 1988, Kent Co., Maryland in 1990, and Warren Co., 
New Jersey in June 1990 and January 1991. Cyromazine use was discontinued 
at the New Jersey site in mid-August 1990. Cyromazine feed~through has been 
used at these sites more or less continuously since 1982. The field collections 
were shipped to the laboratory in Tifton and held in 30- by 30-cm screen cages 
at 27°C and ambient humidity. Adults were fed granulated sucrose, dried non
fat milk, and water. Eggs were collected on cellulose pads soaked with sour 
milk. F I larvae from these eggs were reared in Purina fly larvae media (St. 
Louis, Missouri) for 48 h and tested on sequential dilutions of cyromazine on 
Purina house fly larva media. The test method was after Sheppard et al. (1989) 
but three cups of 35 larvae were used per dose level, and cyromazine levels up 
to 11.4 ppm were used to approach 100% kill. Mortality was regressed on cyro
mazine rate by a computer program for probit analysis (Daum 1970). LC50's 
with 95% confidence intervals (CI) were generated by this program. LCso's with 
non-overlapping ers were considered significantly different. A laboratory 
colony of house flies never exposed to cyromazine was used as a check popula
tion, and was similarly tested with rates of cyromazine as high as 1.5 ppm to 
achieve 100% kill. The average LCso for this susceptible population in 1990 was 
0.19 ppm and was used in calculating RF's in this study, dividing the LCso for 
the resistant population by this average susceptible value. 

Results and Discussion 

The 1988 Mississippi population had an RF of 44.6 (Table 1). Its LCoo of 8.47 
ppm was significantly higher than any LC50 of this same population when collect
ed in 1986 (Sheppard 1989). The 1986 Mississippi population had been selected 
with the I.5-ppm Larvadex feed-through and exhibited RF =9 to 21 (x =14). The 
1988 collection from the same farm had been selected with the 5.0-ppm Larvadex 
feed-through for 13 mo and had an RF about three times as high as in 1986. This 
is proportional to the increased level of cyromazine delivered by the newer feed
through fOlmulation, The 1990 and 1991 New Jersey and the 1990 Maryland pop
ulation RF's were 25.6, 31.6, and 29.5 respectively. These values are higher than 
any reported RF's selected with the 1.5-ppm treatment. 

The January 1991 New Jersey sample exhibited a higher LC50 than the June 
1990 sample from that same population despite no cyrornazine usage after August 
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Table 1. Cyromazine LC50's and resistance factors of house flies where 
5.0 ppm LarvadeX® feed-through gave poor control. 

Resistance 
Population LCso (ppm) 95%CL Factor Slope 

1988 Hinds Co. 8.47 12.37  6.14 44.6 5.20 
Mississippi 

1990 Warren Co. 4.86 5.25  4.47 25.6 4.58 
New Jersey 

1991 \Van·en Co. 6.00 6.37  5.61 31.6 7.66 
New Jersey 

1990 Kent Co. 5.61 7.02  4.52 29.5 3.52 
Maryland 

1990. The house fly generations that occurred in that. 5·010 untreated interval 
were apparently insufficient for any abatement of resistance to occur. This 
unknown number of generations was probably small since this inteIVal covers the 
fall of 1990 and winter of 1991. Also, at least the first generation during the 
untreated interval was exposed to cyromazine residue from the last August treat
ment. 

These findings of elevated cyromazine resistance indicate a widespread ability 
of houseOy populations to adapt to higher rates of cyromazine. In un selected 
house fly populations the sprayable cyromazine (Larvadex 2 SL, recently labelled 
in eight states) has been less selective for resistance than the feed·through formu
lations. Persistent (constant exposure) formulations, such as the cyromazine feed
through, select for resistance rapidly (Brown 1971, Georghiou and Taylor 1977). 
Also, the lower dose of the feed-through kills all fully susceptible individuals, but 
may allow survival of heterozygous resistant individuals. This causes resistance 
to be functionally dominant and selection is more rapid (Georghiou 1980). ]n field 
tests in 1986 and 1987,0.1% cyromazine spray did not select for significant levels 
of resistance, while the 1.5-ppm feed through did (Sheppard 1989). In Denmark, 
sprayable cyromazine has been used since the early 1980's and there is no indica
tion of resistance in treated house fly populations there (Jespersen 1990). 

The Danish Pest Infestation Laboratory uses a diagnostic dose of 1.1 ppm cyro· 
mazine, and the World Health Organization uses 0.92 ppm to test for resistant 
house fly larvae (Jespersen 1990). Before widespread cyromazine use, a diagnostic 
dose of 1.0 ppm gave 100% kill of house Oy larvae in Georgia. Hall and Foehse 
(1980) reported 100% house Oy larvae kill with 0.8 ppm cyromazine. In the three 
populations reported here, 1.0 ppm cyromazine gave 0 to 5% kill, indicating an 95 
to 100% increase in the proportion of resistant individuals. Thus the frequency of 
resistant individuals in the U.S. has been greatly elevated by the gradual 
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increase in cyromazine rates used in the field. The new sprayable Larvadex for
mulation must be used carefully, treating as few generations as possible to maxi
mize its useful life and minimize further selection of these preselected popula
tions. 
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ABSTRACT The field mortality of the house Oy, Musca domest.ica 
Linnacus, was studied over a 3-yr period in central Missouri. Total egg-to
ndult mortalities averaged 97.7, 97.8, and 97.7% in season-long experiments 
proximate to dai"ics. A similar level of mortality was noted for house nics 
developing in a pasture em'ironment. Unknown causes, probably including 
desiccation, pathogens, adverse environmental conditions and damage by 
insect parasites, were associated with the largest proportion of house Oy 
mortality during the immature stages tested. Predation was found to be the 
second most important factor causing death of immature house nies. 
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The house fly, Musca domestica Linnaeus, is a cosmopolitan pest of humans 
and livestock. The behavior of the house fly and its role as a vector of pathogens 
(Howard 1911) are of public health significance, and the impact of this species 
as a nuisance is well documented (Thomas in press). Much information on the 
biology, ecology and control of the house fly is presented in West (1951), and 
research on this species through the early 1970's is annotated in a bibliography 
(West and Peters 1973). Understanding those factors regulating natural house 
fly populations is necessary before effective management programs can be 
implemented (Howard 1911). Studies of related muscoid species, including the 
face Oy, Musca autumnalis Dc Geer, horn ny, Haematobia irritans (Linnaeus), 
and stable fly, Stomoxys calcitrans (Linnaeus), indicate that mortality of the 
immature stages is caused principally by predation and other, unidentified, 
factors (Valiela 1969, Burton and Turner 1970, Thomas and Morgan 1972, 
Thomas et al. 1983, Smith et al. 1985). 

The present study was done to assess and quantify the field mortality of 
immature house flies developing near cattle production facilities in central 
Missouri. 

Materials and Methods 

Laboratory Colonies. House flies were colonized with standard techniques 
(Anonymous 1959). The strain used originated from the U. S. Department of 
Agriculture South Atlantic Area Medical and Veterinary Entomology Research 
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Laboratory, Gainesville, Florida, and was reared in our laboratory beginning in 
June, 1984. These house mes produced shiny black puparia instead of the wild 
type reddish-brown color by a genetic trait similar (J. A. Seawright, USDA, 
ARS, Gainesville, Florida, personal communication) to that of stable flies used 
in previous field studies (Smith et al. 1985). 

Adult mes were kept in cages (0.09 m3) at 27·C and 50-60% RH in a rearing 
room. Lighting was provided by overhead OUDrcscent tubes set to a photoperiod 
of 22:2 L:D. Adult nies were fed a diet of equal parts granulated sugar, 
powdered milk and powdered chicken egg yolk. 

Fly eggs were obtained by placing into the cages a 150-ml cup containing 
moistened larval medium (wheat bran, horticultural vermiculite and fish meal 
in a 23:23:1 ratio by volume). These "egg cups" were removed from the cage 4-6 h 
following placement, whereupon eggs were transferred to 11.4-liter plastic pans 
filled about two-thirds with larval medium moistened with ca. 3.2 liters of tap 
water. Dishpans were shrouded with muslin pillowcases to exclude adventitious 
flies, after which the pans were left in the rearing room until the developing 
mes pupated. 

1985 Field Studies (Egg-to-Pupal Mortality). Egg-to-pupal house ny 
mortality was evaluated for eight 2-wk periods from May to October at two locations 
typical of central M.issouri dairies. University Dairy encompassed two cattle barns 
plus an associated drylot and cattle-holding area surrounded by fescue pasture with 
ca. 100 Holstein and Guernsey cows. Foremost Dairy consisted of several cattle 
bams and associated drylots surrounded by fescue pasture with ca. 160 Holstein and 
Guernsey cows and 50-60 calves. Two large, open silage trenches and a sewage 
lagoon were located proximate to the cattle holding areas. 

At each farm, a 5.0- by 7.5-m plot was marked near areas where cattle 
congregated and natural house Oy breeding occurred. Each such plot was 
smTounded by an electrified fence to exclude cattle and other large animals. 

A randomized complete block design (block = date) with subsamples (two 
replicates per treatment) was used. Grass clippings were gathered from compost 
areas, frozen for at least 48 h to kill any arthropods present, and subsequently 
thawed. One kg of clippings was placed into an 11.4-liter plastic pan and 
moistened with 1 liter of water (ca. 32°C). Excess water was then drained away. 
After two iterations of the experiment, the developmental medium was changed 
from grass clippings to corn silage (Smith et a!. 1985) obtained from the open 
trench silos at Foremost Dairy. This change was further necessitated by the 
difficulty of obtaining non-pesticide-treated grass clippings. The silage was 
prepared for use in the same manner as the grass clippings. 

In the laboratory, pans containing larval medium were inoculated with house 
ny eggs for field exposure. One hundred house ny eggs no older than 16 h were 
counted under a microscope and transferred in lots of 25 by camel's hair brush to 
each of four depressions ca. 5 em deep in each pan of larval medium. These eggs 
were then covered with the surrounding medium to a uniform depth of 3 em. As 
each field inoculum was prepared, fertility of the house fly eggs used was assessed 
by transferring two samples of 100 eggs each to filter paper moistened with distilled 
water in separate petri djshes. The dishes were then incubated in the rearing room, 
and misted with distilled water after 24 h. After 48 h, the hatching success of these 
eggs was determined by observation through a microscope. 



263 UTT and HALL: Immature House Fly Mortality 

Within each field plot, two house fiy larval pans prepared as described above 
were recessed up to the upper edge into the soil to permit ingress of arthropods. 
Pans were situated ca. 1 m apart, and each was covered with an A-frame rain 
shelter open on the ends and lower sides (Thomas and Wingo 1968, Thomas et at 
1983, Smith et al. 1985). These rain shelters were made of 2.5- by 5-cm white 
pine, were 90 cm long, 40 cm high at the apex, and were covered by 6.4-mm-thick 
pressboard, painted white. As a control, two additional egg-inoculated pans at 
each site were protected by cages designed to exclude predators. These cages were 
framed with 2.5- by 5-cm white pine, had bottoms made from 6.4-mm-thick 
pressboard, measured 60 by 40 by 20 em, and had press-fit tops that incorporated 
foam-rubber weatherstripping. After painting with tan latex enamel, the cages 
were covered with O.B-mm-mesh plastic screening. A-frame rain shelters were 
then placed over each cage. 

Pans were left in the field until the house nies therein pupated (ca. 14-16 d), 
then were removed and replaced with fresh pans prepared in a like manner. Pans 
removed from the field were processed for house ny pupal recovery by using a 
water notation technique (Smith et al. 1985). The contents of each pan were 
placed into an 84-Hter tub filled with water and the mixture stirred thoroughly, 
thus allowing the fly puparia to float free. These puparia, distinguishable by their 
color from wild type house nies, were removed with soft forceps and placed into 
labeled petri dishes. Puparia that did not float were recovered by sorting during 
tub drainage. The petri dishes containing puparia thus recovered were returned 
to the laboratory and held in the re3l;ng room for adult fly emergence. or the 
emergence of insect parasites. After ca. 1 mo, uneclosed pupae were dissected 
under a microscope to determine cause of death (i. e., unemerged adult flies, 
unemerged parasites or unknown factors). Voucher specimens of all taxa collected 
were deposited in the W. R. Enns Entomology 1Vluseum, University of Missouri, 
Columbia, !vIO 65211. 

Survival data were transformed to arcsin {pand tested by two-way analysis of 
variance for a split-plot design repeated through time. Transformed averages 
'were subsequently compared by Duncan's new multiple range test (Duncan 
1955); however, true (not backtTansformed) averages were tabulated. 

A life table was constructed to summarize results of the mortality studies. Data 
were pooled from both farms and were based on the actual accumulated mortality 
recorded from the experimental trials. Apparent mortality was calculated as the 
number dying as a percentage of the number entering the life stage in question. 
Real mortality was calculated on the basis of beginning size of the generation and 
is additive in the life table. Indispensable mortality was that part of the generation 
mortality that would not occur if the mortality factor in question was removed 
from the life system, after allowance was made for action of subsequent mmtality 
factors (Southwood 1978). 

1986 Field Studies (Egg.to-Pupal Mortality). The mortality of immature 
house nies was evaluated for seven 2-wk intervals from May to September. The 
procedures described for the 1985 season were repeated with the following 
modifications: 1) An additional experimental plot was selected adjacent to a 7-ha 
pasture used for grazing 18 Holstein and Guernsey cows. This pasture was 0.8 km 
from Foremost Dairy and 1.6 km from University Dairy and was located next to a 
6-ha alfalfa field. This site was selected to study the mortality of immature house 
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flies in the pasture. 2) Corn silage was used as the house Oy developmental 
medium throughout the season. 3) To facilitate recovery of the house fly puparia, 
water flotation was carried out directly in the 11.4-1iter pans removed from the 
field. The reduced volume of water helped concentrate the puparia and thus made 
their recognition easier. 

1987 Field Studies (Mortality by Stage and Effect of Screen Size on 
Field Mortality). All experiments during this season were conducted within a 5
by 9-m plot at the Foremost Dairy. 

To determine mortality associated with individual house fly growth stages, a 
completely randomized experimental design was used. Five treatments, each 
replicated twice. were established six times from June to October. The treatments 
consisted of a} house fly eggs, b) first instars, c) second instars, d) third instal's, 
and e) prepupae (migratory-phase larvae). In all cases, 100 of the appropriate 
house fly life stage were inoculated into separate 11.4-1itcl' pans containing corn 
silage prepared as described previously. Pans were inoculated, placed, and 
removed from the field site as in 1986 with the following modifications: 1) Soft 
forceps were used to transfer third instars and prepupae to the silage. 2) Prepupae 
were placed ca. 3 em below the silage su.rface. 3) Each inoculative stage was 
allowed sufficient time to develop to the pupal stage (ca. 14, 13, 11, 10, and 4 d for 
eggs, first, second, and third instars, and prepupae, respectively). 4) Survival data 
from pupal recovery were recorded for all tTeatments in terms of total survival by 
date and treatment. 

To measure the influence predators had on early house fly growth stages, 200 
eggs or first instal'S were inoculated into separate 11.4-liter pans prepared as 
described previously and each was replicated tv.'ice. These pans were then placed 
in the field inside the aforementioned O.B-mm-mesh cages designed to exclude 
predators. Comparison of house fly survivorship in the fully exposed treatments 
with that in caged treatments yielded an estimate of mortality associated with 
predation. 

Mortality estimates for each growth stage were calculated as follows: a) (egg-to
pupal survival) - (first instar-to-pupal survival) = egg stage mortality, b) (first 
instar-to-pupal survival) - (second instar-lo-pupal survival) = first instal' mortality, 
with mortalities for subsequent stages being calculated in an analogous manner. 
Cumulative mortality was calculated by accumulating the growth stage mortality. 
Mortality attributed to predation and parasitism was calculated as described 
previously. 

To assess the impact of house fly predators based on their physical size, a 
completely randomized experiment was repeated seven times from June to October. 
Six cages, similar in construction and overall dimensions to those described 
previously, were used to control the ingress of predators (Thomas and Morgan 
1972, Thomas et al. 1983, Smith et al. 1985). Cages were painted dark green and 
differed only in the screening employed (0.8-, 1.6-,3.2-,6.4-, or 12.7-mm mesh). One 
treatment consisted of a cage frame only and no screening was used. Each 
treatment was replicated twice. Pans (l1.4-1iter) containing moistened si.lage 
prepared as described previously were inoculated with 100 house fly eggs each. 
These pans were recessed into the soil through a hole cut in the pressboard bottom 
of the cages. The edges of the hole were lined \\'ith foam-lubber weatherstripping 
and pans were bolted to the cages; consequently, ingress to the cage was limited by 
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the aforementioned screen sizes. Each cage lid was sealed with metallic tape after 
placing the inoculated pan inside, and the cages were then protected with rain 
shelters. After the house flies had developed to the pupal stage, the silage was 
processed by water flotation for recovery of house fly puparia. Adult and parasite 
emergence data were calculated as before. 

Results and Discussion 

1985 Field Studies. The F-values ror comparisons between treatments (caged 
vs. noncaged pans) were significant (P :s 0.05) at both locations (Table lJ, with the 
average difference (20.6%) attributed to the effects of predation. The F-value for 
the interactive response of location X treatment was not significant (P ~ 0.05), 
indicating similar house fly survivorship at both study sites; therefore statistical 
analyses between treatments and among sites were valid. Survival by date (block 
means) was relatively consistent through time (Table 1) until the final week of the 
study when cold weather resulted in no survival in any treatment. 

Table 1.	 Field survival of house flies from egg to pupa in caged and 
noncaged corn silage at two farms in Boone Co., Missouri, 1985. 

Avg. percent survival on indicated rarma,b 

University Foremost 

Week 
beginning Cage No Cage Cage No Cage 

Block 
l\'Ieans 

5/30 21.5 2.5 8.0 7.0 9.8 ab 
6/14 30.0 0.0 36.5 1.0 16.9 a 
6/28 37.0 2.5 41.5 5.0 21.5 a 
7/12 24.0 2.0 30.0 16.5 18.1 a 
7/31 48.0 13.0 10.5 14.0 21.4 a 
8/20 28.5 8.0 36.5 4.5 19.4 a 
9/07 28.5 7.5 37.0 4.5 19.4 a 

10/01 0.0 0.0 0.0 0.0 0.0 b 

Average % 
survival over 
all collection 
dates 27.2 a 4.4 b 25.0 a 6.6 b 

a Avg. of two repliclItes/week bcginning with 100 eggs/replicate.
 
h Means within columns or rows and followed by the some leUer arc not dilTercnt at the 0.05 level by
 

Dunclln's new multiple range test (Duncan 1955). 

House fly egg hatch measured fOJ" each inoculative batch was consistently high, 
averaging 87.2% ± 95% confidence intervals or 4.5% in those eggs exposed at 
Foremost Dairy and 5.6% for those exposed at University Dairy. Handling or the 
experimental eggs may have increased the level of such mortality above that 
nonnally expcf'ienced by field populations of the house fly. 
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A theoretical cohort of 3,200 eggs (two replicates of 100 eggs each per week for 8 
wk at two locations) was used as the basis for constructing a life table (Table 2). 
Egg sterility was calculated from the average egg hatch of 16 repetitions of two 
replicates of 100 eggs each from the corresponding inoculative egg batch used at 
each experimental site. Mortality associated with unknown causes and predation 
in egg and larval stadia was calculated directly from the field data (Table 1). 
Mortality attributed to unknown causes in the egg and larval stages was 
calculated from mortality occurring in caged treatments, and mortality attributed 
to predation was calculated by subtracting the survival in noncaged, fully exposed 
samples from that in caged samples. A pupal parasitism estimate was made from 
the average of all parasitism occurring in noncaged samples. Pupal mortality 
resulting from unknown causes associated with pupal death and adult 
noneclosion was obtained from averages in noncaged samples. 

Table 2.	 Factors causing field mortality of the house fly from egg to 
adult stages in Boone Co., Missouri, 1985. 

Nil, alive fit Flll:tor 
beginning of responsible Apparent Real Indispensable 

St....lge time inter"'al for death No. dying mortality (%) mortality (%) mortality (%) 

Egg & 3200 Egg sterility 410 12.8 12.8 0.3 
larval 2790 Unknown causes 195? . iO.1 61.1 5.6 

835 Predation 659 i8.9 20.6 8.9 
Pupal 176 Parasitism 5.2 3.0 0.2 0.1 

170.8 Unknown causes 94.'1 55.3 3.0 3.0 

Adult 76.4 (2.3% sun,jvall	 Total = 97.7 

Unknown causes during the egg and larval stadia accounted for the greatest 
real mortality (61.1%) of house Oies studied during the 1985 season. The greatest 
apparent mortality (78.9%) occurred because of predation on these stages and 
seemed to be the most significant regulatory factor, assuming that such predation 
occurred after unknown causal factors and egg sterility. It is likely that there is 
some overlap in time between the effects of predation and unknown causes on 
house fly survivorship. The important role of predation on egg and larval house 
nies is ..enected by the 20.6% (659 individuals) dying during these stages. 
Indispensable mortality figures also suggest the importance of unknown causes and 
predation on the early stages of the house flYi together, these accounted for 14.5% of 
the total mortality that would not have occurred had they been removed from the 
model. Adverse weather conditions, pathogens, physiological anomalies and 
desiccation may contribute to the causes of house ny mortality here rated as 
unknown. 

Parasitism contributed the least toward total mortality of the house ny in 
this experiment. with only 0.2% of the original cohort of 3,200 flies dying from 
this factor. Because the mortality effect of pupal and many larval-pupal 
parasites occurs toward the end of the end of the immature house fly's lifetime. 
the figure of 3.0% apparent mortality may be more indicative of the overall 
effect of parasites on the host population. In this experiment, it was not 
possible to measure the contribution of insect parasites to "parasite induced 
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mortality" (PIM) (Petersen 1986); however, this may constitute a part of that 
mortality rated here as unknown (Hall and Fischer 1988). 

During the 1985 field season, only 76.4 house flies survived to adulthood 
from the original cohort of 3,200 eggs (2.3% survival). 

1986 Field Studies. The F-value for the interaction of location X treatment 
was not significant (P 2: 0.05), indicating similar house fly mortalities at both 
dairies and the pasture location (Table 3). The F-values for treatment (caged vs. 
noncaged pans) were significant (P $. 0.05), with the difference in total average 
survival (28.8%) attributed to the effects of predation. The interaction between 
tJ'eatment X date was also significant (P :5" 0.05), probably because of changing 
weather conditions. 

Table 3.	 Field survival of house flies from egg to pupa in caged and 
noncaged corn silage at three locations in Boone Co., Missouri, 
1986. 

Avg. percent survival at indicated locationu,b 

University Pasture Foremost 

Week Block 
beginning Cage No Cage Cage No Cage Cage No Cage Means 

5/15 14.5 0.0 5.5 0.0 2.0 0.0 3.7 a 
6/06 30.0 0.0 66.0 0.0 46.0 0.5 23.8 bc 
6/25 48.0 0.0 63.5 1.5 74.5 1.0 31.4 c 
7/09 37.0 11.0 34.5 0.0 39.0 12.0 22.3 c 
7/28 17.0 0.0 56.0 13.0 46.0 22.0 25.7 c 
8/18 27.5 0.0 10.0 0.0 41.5 0.5 13.3 b 
9/08 4.0 0.0 4.0 0.0 0.0 0.0 1.3 a 

Average % 
survival over 
all collection 
dates 25.4 a 1.6 b 34.2 a 2.1 bc 35.6 a 5.2 c 

Avg. of two replicale&o'wcek beginning ..... ith 100 eggs/replicate. 
" :\teans wilhin columns or rows and followed by the same leUer arc not different althe 0.05 level by 

Duncan's new multiple range test (Duncan 1955). 

Egg sterility in 1986 was slightly lower than that recorded for the previous 
season, with a total average survival of94.3 ± 2.3%. 

A cohort of 4,200 eggs (two replicates of 100 eggs each per week for 7 wk at 
three locations) was used as the basis for mortal.ity calculations (Table 4). Egg 
sterility was calculated from the average house fly egg hatch in the samples 
taken concurrently with the start of each field trial during the season. 

Unknown causes during the egg stage and larval stadia accounted for the 
greatest real mortality (62.5%) of immature house nies during the 1986 season. 
Predation was a significant regulatory factor, producing an apparent mortality 
of90.7% to egg and larval house flies. 
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Table	 4. Factors causing field mortality of the house fly from egg to 
adult stages in Boone Co., Missouri, 1986. 

No. ali"c at. Factor 
be!,<inning of responsible Apparent. Re.1 Indispensable 

Slugc time interval for death No. dying mortality (Ik) mortality (%) mortality (%) 

Egg & 4200 Eb"C sterility 240 5.7 5.7 0.6 
lan'ul 3960 Unknown causes 2627 66.3 62.5 4.2 

1333 Predation 1210 90.7 28.8 20.6 
Pupal 123 Parasitism 8 6.5 0.2 0.1 

115 Unknown causes 27 23.4 0.6 0.6 

Adult 88 (2.0% survival)	 Tot.al::: 97.8 

Egg sterility (5.7%) was the third greatest cause of house fly mortality 
during the 1986 study (Table 4); however, based on the number of individuals 
entering a given growth stage. unknown causes in the pupal stage (23.4% 
apparent mortality) were of more importance to developing house flies. Such 
deaths may have been caused by pathogens, parasite "false oviposition" or PIM 
(Hall and Fischer 1988), physiological anomalies, or adverse climatic 
conditions. 

Parasitism accounted for only 0.2% mortality of the house fly during the 
1986 season. This figure reflects only the impact of insect parasitism as 
measured by the production of parasite offspring. In addition to PIM (Petersen 
1986), predators and scavengers may consume parasitized pupae, which would 
further reduce the observed impact of parasitism on house flies in field studies. 

Only 2.0% (88 individuals) of the original cohort of 4,200 house fly eggs 
survived to the adult stage during the 1986 field studies. 

1987 Field Studies. Percent survival to the pupal stage for caged and non
caged eggs and first instal'S was significantly different (P ,; 0.05) (Table 5). The 
total percent survival for immature house flies developing in a field situation 
was 3.1. 7.1, 21.1, 69.8, and 85.1 for the eggs, first, second, and third instal'S, 
and prepupallarvae, respectively (Table 6). Third instar house flies experienced 
the greatest mortality (49.1 of the 85% total) recorded during this season. 

The F-value associated with house fly survival in cages with different screen 
sizes was significant (P'; 0.05) (Table 7). Total survival of immature house flies 
from egg to pupa in cages with 0.8- and 1.6-mm~mesh differed significantly (P $ 

0.05) from survival in cages with larger screen sizes. With no significant 
differences (P > 0.05) in house fly survival in cages screened by 3.2- to 12.7-mm
mesh, the relative importance of small predators is inferred, typified by the 
staphylinids (viz. Thomas and Morgan 1972, Thomas et al. 1983, Smith et al. 
1985). The ingress of larger predators (e.g., carabids and histerids) was limited 
to cages with larger screen sizes. 

A life table was developed to summarize 1987 experimental data on 
mortality of the house fly by life stage (Table 8). A cohort of 1,200 eggs (two 
replicates of 100 eggs each per week for 6 wk) was used as the basis for 
mortality calculations. Egg sterility estimates (7.8%) were derived from the 
average hatch of six repetitions of two replicates of 100 eggs each, obtained 
concurrently with the house fly eggs used for inoculation of field samples. 
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Table 5. Survival of caged and noncaged house fly eggs and first 
instars to the pupal stage at Foremost Dairy, Boone Co., 
Missouri,1987. 

Avg. no. of puparia recovereda,b 

Caged Noncaged Caged Noncaged 
Date eggs eggs first instars first instars Mean 

6/17 23.0 37.5 30.0 0.0 22.6 a 
7/02 12.5 3.0 105.5 92.0 53.2 b 
7/17 48.0 3.0 14.5 0.5 16.5 a 
8102 40.5 0.0 26.5 2.0 17.2 a 
8116 0.0 0.0 10.0 2.0 3.0 c 
8130 21.0 0.5 0.0 0.0 5.3 c 
9/18 2.5 0.0 0.0 3.0 1.3 c 

Mean 21.0 a 6.2 b 26.6 a 13.9b 

" Means within columns or rows and followed by the same letter arc not. different al t.he 0.05 level by 
Duncan's new multiple range test (Duncan 1955). 

b N '" 200 eggs or first instarsllreatmenVdate. 

Table 6.	 Field survival of house fly eggs, first, second, and third instar 
larvae, and prepupae at Foremost Dairy, Boone Co., Missouri, 
1987." 

Avg. percent survival to pupal stage for each indicated stadium 

Week Caged Noncaged Caged Noncagcd Noncaged Noncn.gcd Noncllgcd 
beginning eggs eggs first instars first instars second inst.ars third instars prepupae 

6117 • • • 75.5 84.0 88.0 
7/02 • • • 7.5 55.0 86.0 
7/17 • • • 18.5 88.0 91.0 
8/03 • • • • 5.5 50.0 5i.O 
8/30 • • • • 12.0 52.5 96.5 
9/18 • • • 8.0 89.5 92.5 

Average % 
survival over 
all colleclion 
dates 10.5 3.1 13.3 7.1 21.1 69.8 85.1 

% Mortality 2.6	 4.4 14.0 49.1 14.9 

% Cumulati~'e 

mortality 2.6	 7.0 21.0 70.1 85.0 

" Survivorship of eggs and first inslars based on Table 5. 
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Table 7. Field survival of house flies from egg to pupa in six cages witb dif
ferent screen sizes at Foremost Dairy, Boone Co., Missouri, 1987. 

Avg. percent survival with indicated screen size (mm)Q,b 

Week No 
beginning 0.8 1.6 3.2 6.4 12.7 screen Total 

6/05 25.0 34.0 17.0 7.0 0.0 0.0 13.8 ab 
6/25 19.5 20.0 0.5 0.0 0.0 0.0 6.7 ac 
7/17 41.0 29.0 18.0 3.0 4.5 4.5 16.7 a 
8105 43.5 21.5 12.0 23.0 7.5 2.0 18.3 a 
9101 31.5 23.5 11.5 15.0 6.0 0.5 14.7 a 
9/17 1.5 0.5 0.0 0.0 0.0 0.0 0.3 e 

Average % 
survival over 
all collection 
dales 27.0 a 21.4 a 9.8 be 8.0 bed 3.0 cd 1.2 d 

lJ Avg. oft.....o rcplicawslwcek bcl,rinning with 100 cggslreplicaw. 
6 Means within columns or rows Rnd followed by the same letter are not different ntlhe 0.05 level by 

Duncan's new multiple range test (Duncan 1955). 

Table 8. Factors causing field mortality of the house fly by stage from 
egg to adult, Boone Co., Missouri, 1987. 

No. alive at. Factor 
beginning of responsible Apparent Real Indispensable 

Stnge time interval for death No. dying mortality (%) morttl.lily (%) mort....lity(%) 

Egg	 1200.0 Egg sterility 93.6 7.8 7.8 0.2 
1106.4 Unknown cam;es 33.5 3.0 2.8 0.1 
1072.9 Predat.ion It1.1 1.3 1.2 0.1 

L3rval	 1058.8 Predat.ion 7'1.6 7.0 6.2 0.2 
984.2 Unknown causes 909.6 92.4 75.8 28.2 

First instar 1058.8 U.C. & Predation 47.6 ,1.5 4.0 0.1 
Second insLar 1011.2 V.C. & Predation 168.7 16.7 14.0 0.5 
Third instar 842.5 V.C. & Predation 589.0 69.9 49.1 5.4 
Propupal 253.5 V.C. & Predation 179.0 70.6 14.9 5.6 

Pupal 7t1.5 Parasitism 9.3 12.5 0.8 0.3 
65.2 Unknown causes 37.5 57.5 3.1 3.1 

Adult 27.7 (2.3% survival) Tolal = 97.7 
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Survivorship of eggs was great. averaging 92.2 ± 1.3%. Mortality associated 
with unknown causes and predation in the egg and larval stages was calculated 
directly from field survival data (Tables 6 and 7). Data on mortality attributed 
to unknown causes were obtained from that occurring in caged treatments. 
Predation was calculated by subtracting the survival in noncaged, fully exposed 
samples from that in caged samples. Calculations of the mortality associated 
with each instal' were made from the mortality-by-growth-stage study discussed 
previously. An estimate of parasitism was made by averaging that in all 
noncaged samples, and an estimate of pupal stage mortality associated with 
unknown causes was made from adult ny emergence data. 

Unknown causes during the larval stages accounted for the greatest 
mortality as estimated by apparent, real, and indispensable indices (Table 8). A 
large proportion (81. 7%) of the original cohort of 1,200 house fly eggs died from 
unknown causes during the 1987 season. Most (49.1%) of the real larval 
mortality occurred during the third instal'; however, the greatest apparent 
larval mortality (70.6%) affected the prepupal stage. These data suggest that 
control strategies targeted at the third instal's or prepupae might have greater 
total impact than methods affecting earlier stage house flies. The greater 
vulnerability of the later stages may be related to their relatively longer 
exposure period and dispersal behavior. The developmental period of third 
instal' house flies ranges from 3-5 d, while earlier stages last < 1 d at 35°C and 
high humidity (Skidmore 1985). 

Pupal mortality was great during the 1987 season, accounting for the death 
of 70.0% of individuals surviving to this stage. Egg mortality was small, with 
141.2 individuals dying during this growth stage. Predation of eggs was also 
small, accounting for only 1.2% of the original cohort. 

Overall, only 2.3% (27.7 individuals) of the original 1,200 eggs survived to 
the adult stage during the 1987 field study_ 

In these studies, the house fly exhibited a slightly lower survival rate from 
egg-adult when compared to other species of muscoid flies that have been 
studied similarly (Thomas and Morgan 1972, Thomas et aJ. 1983, Smith et aJ. 
1985). The major factors causing mortality to the immature house nies studied 
appeared to be unknown causes plus predation, the latter particularly by 
smaller arthropod species. 
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ABSTRACT A portable automatic sprayer, actuated when cattle obtain 
mineral, was tested against face fiies and pyrethroid·resistanL horn nics 
using 0.5% Al dichlorvos in a waler spray mixture. Horn ny populations 
were initially 48-fold resistant to pCt-methrin with no '"esistancc to diazinon. 
Horn Oy control averaged 90.3 to 99.1% reduction. Resistance to permcthrin 
decreased from 48-fold La 33-fold over 2 yr with no change in diazinon 
resistance. Face Oy control averaged from 56.4 to 76.8% reduction. The cost 
for this system of Oy control was approximately 33% the cost of effective 
insecticide car lags (two/head). 

KEY WORDS Face nics, horn nies, automatic sprayer, dichlorvos, 
resistance, catlle, Diptera, Muscidae, Haematobia. irritans, Musca 
autul1IlIalis. 

Resistance of the horn fly, flaematobia irritans (L.), to pyrethroid 
insecticides, and the lack of satisfactory control of face flies, Musca autu.mnalis 
De Geer, has necessitated the search for new control strategies. Suggested 
strategies have included delaying control until horn nies build to an economic 
injury level, alternating types of insecticide ear tags, or reverting to back 
rubbers, oilers, dust bags or sprays. Research in fly control has demonstrated 
that low pressure sprays (Knapp 1962) and automatic spray systems (Eschle 
and Miller 1968, Knapp 1968, Miller et aJ. 1969) are effective against the horn 
ny and face ny on cattle, but with the advent of dust bags (Adkins and 
Seawright 1967) and ear tags (Knapp and Herald 1976), sprays had little 
widespread use. The current resistance of horn Oies to pcrmethrin however, has 
sparked a renewed interest in some of the earlier control methods. One such 
method is an automatic spray system. Recently, a new automatic spray system, 
incorporated into a mineral feeding apparatus (\Vilson 1986). was evaluated in 
a three·state trial using dichlorvos, fen valerate, and permethrin (Williams et a1. 
1986) Seasonal horn ny reduction exceeded 95%. Subsequent horn ny 
resistance to pyrethroids has increased to an extent that obtaining the same 
results today with pyrethroids would be unlikely. Also. the continued use of the 
pyrethroids would only increase horn Oy resistance to this class of compound. 
Therefore, the use of dichlorvos as an alternative insecticide for the control of 
face nies and pyrethroid-I'esistant horn flies on beef cattle was evaluated using 
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the Wilson sprayer, because no resistance to dichlorvos has been found. Reported 
herein are the results of a 2-yr study using 0.5% dichlorvos in the Wilson sprayer 
for the control of face flies and pyrethroid-resistant horn flies. 

Materials and Methods 

The Wilson sprayer is a self-contained automatic system consisting of a 12-volt 
wet cell battery that operates a time-delayed spray pump attached to a 114-liter 
insecticide reservoir. The sprayer is housed in a walk-in mineral station mounted 
on skids to facilitate transport. 'rhe mineral station, constructed of oak boards, is 
1.6 m high and 3 m long with a metal roof. The location nfthe mineral box at one end 
of the station causes cattle to walk inside and lift a wooden lid to access the mineral. 
When an animal lifts the lid of the mineral box and holds it open for> 10 s, the timer 
is set and when the lid is lowered the sprayer is activated, spraying the animal for 3 s 
from two nozzles positioned above the shoulders and flanks. A fully charged 12
volt battery was installed in each sprayer and the insecticide reservoir tanks were 
filled with a 0.5% dichlorvos water emulsion made from a 43.2% EC formulation 
(Fermenta Animal Health, Kansas City, Missouri). The reservoirs were topped off 
every 3 wk with 0.5% dichlorvos, and trace mineralized salt was added to the 
mineral box as needed. Records were maintained on the liters of spray solution 
used and mineral consumed. Although the sprayers are portable they were not 
repositioned during this experiment. 

In 1989, two separate herds of Charolais cattle were placed on 45·ha pastures 
located 2 Ian from each other. Herd I contained 58 cows with calves for weeks 1 
through 4. At week four 15 cows with calves were removed and 12 other cows 
with calves added at week 5. Herd II contained 24 heifers. Herd I was used again 
in 1990 and contained 51 cows with calves. The sprayers were placed in operation 
during the first week of June both years. Both sprayers were located in the 
respective pastures 100 m from a water source in a partially shaded area free of 
undergrowth. Untreated control herds, varying between 20 and 40 adult animals, 
were located within 3 km of the treated herds. 

Prior to testing the efficacy of the automatic spray system 500-700 horn flies 
were collected from the experimental cattle with a sweep net and assayed for resis
tance against permethrin and diazinon using the method of Cilek and Knapp 
(1986). Field-collected hom rues were compared to susceptible hom flies acquired 
from the Knipling-Bushland USDA Liveslock Insects Research LabOloatory, Kerr
ville, Texas. 

Pretreatment counts of horn flies were estimated on one side of 10 animals, 
and face flies were counted on the head and face of the same animals. Using this 
method, the same person made counts between 11:00 AM - 3:00 PM at bimonthly 
intervals for the duration of the study. The results of the treated herds were com
pared to untreated controls of the same year within the same week by Student i
test (Goldstein 1964). When pretreatment populations of control and treated 
herds were found to be different in 1990, these populations were tested using 
analysis of covariance incorporating pretreatment fly counts as a concomitant 
variable (SAS Institute 1990). 

Because dichlorvos rapidly hydrolyzes in water (Knapp and Ellis 1975), it was 
necessary to determine whether or not sufficient concentrations of dichlorvos 
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would remain in a water solution, under conditions used in this experiment, to 
control horn flies and face flies. Six liters or water were placed in a 7.6-liter 
polypropylene container containing 0.16 mJ of a 1:100 dilution of 43.2% dichlorvos 
EC to make a concentration of 0.1 ~g/ml. Four 10 ml aliquots were removed after 
stirring at 0,4,8,24, and 30 h and at 2, 3, 6, 7, 9, 10, 12, 14, and 21 d. The aque
ous samples were immediately extracted with an equal volume or hexane and 5 Jil 
were injected into a gas chromatograph (Varian model 3700, 0.32 mm X 30 m 
DB-5 capillary column, 30 mm/min, 100 to 250°C @ 10°C/min) using an ion trap 
detector (Finnigan model 700). Aqueous standards were also extracted to deter
mine the efficacy of removal or dichlorvos by the above method. 

Results and Discussion 

The use of dichlorvos in the Wilson sprayer was effective in controlling horn 
flies that exhibited a 48-fold resistance to permethrin. Calves were not noted acti
vating the sprayer, although some were observed inside the sprayer box. All adult 
animals were observed activating the sprayer. Dichlorvos was effective against 
hom flies in 1989 (90.6 to 100% for herd I and II) and in 1990 (79.7 to 97.2% on 
herd I) while permethrin resistance decreased from 48-fold to 33-fold (Table 1). 

The decrease in control could not be attributed to less spray being applied 
because more spray was used per animal in 1990 than in 1989 (Table 2). The only 
difference between the two years was that in 1990 dichlorvos of a different lot 
number was used and the hom fly numbers had increased. It should be noted 
that the initial horn fly level or the treated herd in 1990 was significantly less 
than the control (Table 1). This is not considered unusual early in the fly season 
when populations or horn nies are beginning to emerge and populations on the 
animal are increasing daily. This is also the ideal time to initiate control proce· 
dUTes from a practical as well as economical perspective. Control was clearly 
exhibited in the treated herd by the reduction of average number of horn flies to 
10/side after 8 wk. At the same time, the horn flies on the untreated herd 
increased to 359.5 horn flies/side. 

Dichlorvos was stable in water up to 24 h; thereafter dissipation oceuned with 
an 84% loss after 3 wk (Fig. 1). This equates to a 0.008% concentration aner 3 wk 
from an initial 0.5% mixtw·e. Thus, after the first 24 h the dichlorvos concentration 
in the sprayers was < 0.5%, but never reached the 0.008% level because the reser
voirs were topped off with 0.5% dichlorvos solution every 3 wk. In earlier field tests 
perrormed with the Wilson sprayer, an initial starting concentration Of 0.1% 
clichlorvos resulted in 100% reduction of horn flies for 21-28 d (Williams et al. 1986). 
Assuming that dichlorvos dissipated at a similar rate in William's field trial as it 
did in our laboratory studies, dichlorvos concentrations at 21 d in the earlier trials 
would have been approximately 0.002%. It was not determined if horn nies in 
\Villiam's test were resistant to pennethrin, but it is doubtful, since pyrethroid 
resistance in horn flies was not reported in the area where the Wilson sprayer was 
tested until 1989 (unpublished data). Thus, the decrease in control of hom flies 
observed in 1989 and 1990, compared to the earlier test in 1984, may indicate some 
cross-resistance occurring between pelmethrin and dichlorvos or a change in the 
genetic composition of the population. However, to date there is no record of cross
resistance between a pyrethroid and an organophosphate insecticide. Because 



Table 1. Mean number of horn flies per side (SEM) and percent reduction on cattle sprayed with 0.5% dichlorvos	 ..,'"
from an automatic sprayer.a '" 

Weeks after initiation of spray treatmentb 

Treatment	 0 2 4 6 8 10 12 14 16 18 

Control Flies/side 152.5 185.0 157.5 197.5 210.0 158.5 151.0 185.0 195.0 215.0 

1989 S.E.M. (7.4) (12.4) 00.0) (12.5) (9.5) (9.21 (8.0) (8.1) (11.1) (9.5) 

"-
Herd J	 Flies/side 118.6 4.5 2.5 18.5 7.0 0.0 0.0 0.0 5.0 5.0 > 
1989 S.E.M. 12.5) (1.3) (1.1) 15.9) (2.0) (0.0) !D.O) !D.0) (2.1) (3.2) ~. 

% Reduct. 97.6 98.4 90.6 96.7 100.0 100.0 100.0 97.4 97.7 
r 

S""'" 
Herd II Flies/side 119.5 3.2 0.9 6.0 2.5 0.5 0.0 0.0 2.0 0.0	 a 

"1989	 S.E.M. (3.1) 12.3) !D.5) (2.0) 11.3) !D.5) !D.O) !D.0) 0.3) (0.0) 
<:% Reduct. 98.3 99.4 97.0 98.8 99.7 100.0 100.0 99.0 100.0 "
.'" 

Control Flies/side 100.0 190.0 210.0 311.5 359.5 387.5 375.0 330.0 197.5 127.5 Z 

1990 S.E.M. 17.1) (9.5) (13.8) (12.5) (45.3) (24.3) (16.2) (20.3) (9.0) (6.6) 
9 

;:'" 
Herd I Flies/sidec 58.5 38.5 21.9 38.0 10.0 30.0 17.5 25.0 15.0 17.5 '" '" ~ 
1990	 S.E.M. (6.ll (7.5) (10.0) (l9.9) (6.3) (12.7) (11.2) (16.2) 19.5) (8.7) 

% Reduct. 79.7 89.6 87.8 97.2 92.3 95.3 92.4 92.4 86.3 

a Hom flies were counted on one side of animal only. N = 10. 
b All treated means are significantly different from untreated control means of same yel.lr within the same week (P < 0.05) according to Student i-test (Goldstein 

1964). 
C All treated means are significantly different from control using covariance of analysis incorporating pretreatment ny count values as a covariant (F = 17.71; 

d.f. = 1,18; P = 0.05). 
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Table 2.	 Spray usage and cost analysis using dichlorvos at $40.50/gallon 
(43.2%) in a 0.5% water mixture in an automatic spray apparatus. 

Weeks after initiation of treatment 

1 4 8 12 16 20 

Herd I (1989) 

# animals using spray 58a 48 55 55 55 55 
/\01t. spray used (liter) 
cum. cost/animal 
total cum. cost 

34 
8 0.063 
8 3.65 

15 
$ 0.17 
$ 8.10 

15 
$ 0.30 
$14.58 

15 
8 0.43 
821.87 

23 
$ 0.59 
$30.78 

23 
S 0.76 
840.10 

costJanimaVday $ 0.009 $ 0.007 $ 0.005 $ 0.005 $ 0.005 8 0.005 

Herd n (1989) 

# animals access to spray 24 24 24 24 24 24 
Amt. spray used (liter) 15 12 15 8 8 12 
cum. cost/animal 
total cum. cost 

$ 0.068 
$ 1.62 

$ 0.22 
$ 5.27 

$ 0.46 
$10.94 

$ 0.68 
$16.20 

$ 0.89 
$21.47 

81.10 
$26.33 

costJanimaUday 8 0.010 $ 0.008 $ 0.008 $ 0.008 8 0.008 $ 0.008 

Herd I (1990) 

# animals access to spray 51 51 51 51 51 Sib 

Amt. spray used (liter) 
cum. costJanimal 

23 
$ 0.048 

15 
8 0.17 

19 
$ 0.34 

23 
$ 0.53 

19 
8 0.71 

23 
$ 0.75 

total cum. cost $ 2.43 8 8.91 817.42 $27.14 $36.05 $38.48 
costJanimal/day $ 0.007 $0.006 8 0.0061 $ 0.006 $ 0.006 $ 0.006 

~ Fifteen cows with calves were removed at week 11 and 12 replacement cows with calves at week 5. 
b Test terminated at week 18 due to cold weather. 

dichlorvos acts as a fwnigant in an enclosed system we were not able to test it for 
resistance, since the volatility of the compound made it incompatible with our 
resistance testing procedure. 

Control of the face fly was not as effective as that for the horn fly (Table 3). 
This is not surprising because face flies, unlike horn flies, do not remain on the 
animals when they enter the Wilson sprayer and therefore did not receive direct 
spray. Face fly reduction averaged 77 and 70%, respectively with the exception of 
week 4 in herd 1 and week 12 in herd II. The low value in herd II at week 12 in 
1989 was caused by a spray nozzle diaphragm failure which allowed the system 
to lose its prime, resulting in a shorter spray period at each application. This mal
function did not appear to affect horn fly reduction (Table 1), indicating signifi
cant wchlorvos was available to kill horn flies. In 1990, with the face fly popula
tion on untreated animals approximately double that of 1989, face fly reduction 
only averaged 56.4% with range from 32.1 to 83.4%. Still, the face fly control 
achieved with dichlorvos in the Wilson sprayer was comparable to control 
achieved with dust bags (Adkins and Seawright 1967, Poindexter and Adkins 
1970, Knapp 1972) and with ear tags (Webb and Knapp 1990). 
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Fig. 1. Hydrolysis of dichlorvos in water from an initial concentration of 0.1 
~g/ml. 

It may be possible to improve face fly control by increasing the concentration of 
dichlorvos or by adding an attractant to draw face flies to the sprayed animal. 
Sugar in the spray mixture has shown some increase in face fly reduction (unpub
lished data). Since face flies leave the animal as the animal enters the sprayer 
and rest on the sprayer housing, positioning spray nozzles on the outside perime
ter of the spray apparatus may expose the face flies to the spray mist. 

One of the advantages of the \Vilson spray system is the cost of treatment. In 
1989 and 1990 with herd [ the cost of the insecticide for the season was $40.10 
and 538.48, per herd respectively. This averaged $0.76 per adult animal for the 
season (Table 2). In herd II (1989) the seasonal cost was 50.98 per adult animal. 
These costs were less than the approximately $3.00 to place insecticide ear tags 
on animals at the recommended rate of two per adult animal. The cost of loose 
trace mineralized salt, priced at S320/ton, was $1.89 and $2.12 per adult animal 
in herd I in 1989 and 1990, respectively and $2.32 per animal for herd II in 1989 
(Table 4). This cost of mineral is a necessary expense regardless of the type of fly 
contl"ol. The use of more insecticide per animal by the smaller herd of 24 heifers 
(herd II) may be attributed to fewer animals having more freedom of use of the 
sprayer or young heifers being more active. The herds of cows and calves used 
less insecticide spray per adult than did the herd of 24 heifers even though calves 
were occasionally noted inside the sprayer during the latter weeks of the experi
ment. In all three groups the amount of trace mineral consumed averaged 44.8 to 
58.8 g per animal per day which is a sufficient amount fol' pastw'ed cattle (Culli
son 1979). 



Table 3. Mean number of face flies per face (SEM) and percent reduction on cattle sprayed with 0.5% dichlorvos 
from an automatic sprayer.a 

Weeks after initiation of spray treatmentb 

Treatment	 0 2 4 6 8 10 12 14 16 18 
2 
:>-Control Flieslhead 1.1 1.3 4.7 10.6 14.7 19.0 14.0 28.0 21.5 17.0 ." 

1989 S.E.M. (0.2) (0.2) (0.6) (1.5) (1.4) (1.2) (I.7) (2.9) (1.0) (1.8) ." 
~, 
'" 

Herd 1	 Flieslhead 1.3 0.4 0.3 10.2 4.1 3.7 4.4 8.5 3.3 3.8 ~ 
1989	 S.E.M. (0.2) (0.2) (0.1) (0.9) (1.0) (0.9) (0.8) (2.7) (0.9) (1.0) 

% Reduct. 69.2 93.6 3.8 72.1 80.5 68.6 69.6 84.7 77.7 '"~ 
:>-
S'" 

Herd II	 Flieslhead 1.0 0.3 0.5 2.7 6.0 4.7 7.0 25.5 6.8 4.5 3 
1989 S.E.M. (0.2) (0.1) (0.2) (0.8) (1.0) (1.3) 0.8) (2.3) (0.7) (1.1) ;;. 

%Reduct. 76.9 89.4 74.5 59.2 75.3 50.0 8.9 68.4 73.5 "~ 

'"ci 
'<

Control Flieslhead 4.5 9.0 23.5 23.0 47.0 39.5 43.0 28.5 11.3 4.6 0 

1990 S.E.M. (0.6) (1.5) (0.0) (2.7) (3.3) (3.8) (2.8) (1.9) (1.2) (0.5) 
~ 

;;.'"
'" 0'

Herd I	 Flieslhead 4.5 6.7 13.5 8.0 7.8 25.0 17.5 8.0 3.6 2.4 "< 
1990	 S.E.M. (0.4) (2.4) ( 5.7) (5.1) (1.8) (5.2) (1.6) (2.8) (1.0) (0.3) 0 

~ ,% Reduct. 25.6 42.6 65.2 83.4 36.7 59.3 71.9 68.1 47.8 
0

0 
~ 

" 
~" Face flies were counted on head and face of animal. N = 10. 

"AJllreatcd means significantly different than untreated control means of same year within the same week (P < 0.05) using Student t-test (Goldstein 1964). 
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Table 4. Trace mineralized salt usage and cost. 

Herd I 
(1989) 

Herd II 
(1989) 

Herd" 
(1990) 

Number of animals access to spray 55 24 51 

Kg trace mineral (total) 360 182 296 

Cost @ $320.00/ton $128.00 $ 64.00 $104.00 

Average cosUanimal S1.89 $2.32 $2.12 

Consumption (g/day/animal) 51.5 58.8 44.8 

Another advantage of this sprayer is that it operates on battery power and 
therefore is portable. The sprayer can easily be moved fTom field to field with a 
tractor or truck. Usually one fully charged battery lasts one season. However, if 
the battery should become discharged it can be replaced with a 12-v01t automo
tive battery found in cars, trucks, and many fann implements. The sprayer is also 
versatile in that the concentration of insecticide or the type of insecticide can be 
changed any time dwing the fly season. 

One disadvantage to the automatic sprayer is that a basic understanding of 
spray systems and a certain amount of maintenance is required to keep them 
functioning. In our tests, the sprayers were checked weekly and minor mainte
nance to the pump system or electrical systems were required. Another disadvan
tage to this system would be the initial cost of the sprayer (ca. S600.00>, although 
this can be recouped after several seasons oruse. 
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ABSTRACT A comparison was made of the clTicacy of insecticide
impregnated ear tags and a topical formulation of ivcr'mectin fol' controlling 
horn flies, flaematobia irrila,ns (L,), on pastured cattle. Observations were 
also made on control of face flies, Musca autumnalis De Geer. lvermeciin 
0.5% w/v pour-on applied at 500 J.lglkg body weight was compared in one ll'ial 
to 10% pemlcthrin ear lags, and in another trial to 20% diazinon ear tags. In 
each trial, treatments consisted of a herd treated with ivermectin alone 
(initial treatment followed by a second treatment approximately 3 mo later), 
a herd treated only with an insecticide-imprebrnatcd ear tag, and a herd 
treated with ivcl'mectin llS in the first herd, but with an insccticide· 
impregnated ear tag installed in mid-summer. In the two herds treated with 
ivcrmectin alone, season-long horn Oy control of 48% and 84% was obtained. 
In the herds treated with insecticide car tugs, perrnethrin tags provided a 
93% reduction in horn nics, and diazinon tags providcd a 90% reduciion in 
horn nics. In the two herds with the combination of ivcrmectin and 
insecticide-impregnated ear tags, horn fly contl"ol exceeded 90% in each. The 
only significant (P < 0.05) face fly control was observed in herds where calLIe 
were treated with pcrmethrin car tags, both alone and in combination with 
ivermeclin. 

KEY WORDS f/aema.lobia irrilans, Musca aUlumnalis, ivcrmectin, 
permelhrin, diazinon, Diptera, Muscidae. 

The horn ny, Haematobia irritans (L.), is generally considered as the single 
most important insect pest of range cattle in North America (Wright 1985). 
Since its introduction in the United States around 1885, many insecticides and 
treatment techniques have been used to control this pest (Drummond et al. 
1988). A significant advance in the methods used to apply insecticides to cattle 
to control horn flies was the development of the insecticide-impregnated ear tag. 
In an early effort, Harvey and Brethour (1970) were able to control horn mes for 
1 rno with identification ear tags equipped with resin strips containing 
dichlorvos. 

In other studies, Ahrens (1977) controlled hom flies for 12 wk with stirofos
impregnated ear tags, and Ahrens and Cocke (1979) obtained a 100% reduction 
in horn flies for 20 wk using fen valerate-impregnated ear tags. Several 

lCont.ribution from the Deportment of Entomology, JOllrnol Paper No. 13165, Purduc University, 
Aj,,'Ticultura1 Expcriment Stntion. Wcat Lafayctte, IN 47907. 

2 Received far publication 24 August 1991; accepted 27 March 1992. 
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insecticide ear tag fonnulations have since become commercially available for 
controlling horn flies. Recently, horn fly populations resistant to pyrethroid 
insecticides in ear tag formulations have been documented. The first published 
report of resistance in horn flies to pyrethroids was in Georgia (Sheppard 1984). 
Several states have confirmed horn fly populations resistant to pyrethroids and 
other insecticides. A comprehensive review of the resistance problem in horn 
flies is presented by Sparks et al. (1985). 

The "pour-on" technique, developed to apply systemic insecticides topically to 
cattle to control cattle grubs, was first used to control horn flies by Rogoff and 
Kohler (1961). Good control was obtained when they poured toxaphene and 
crufomate along the backline of cattle. Others who have reported on the 
successful use of pourMons include Dorsey et al. (1962), using coumaphos, 
crufomate and trichlorfon; and Rogoff et al. (1963), using DDT and toxaphene. 

As reported by Campbell et al. (1983), ivermectin (22, 23-dihydroavermectin 
B1) was effective in reducing nematode and arthropod populations of cattle 
when administered by subcutaneous and oral (drench) routes. The use of 
ivermectin in a topical formulation as an anthelmintic in cattle was reported by 
Jacobs et al. (1989), McKenna (1989), Bisset et al. (1990), and Taylor et al. 
(1990). Alva-Valdes et al. (1986) reported on the efficacy of ivermectin against 
both helminths and selected arthropods. They reported that ivermectin applied 
topically at 500 ~glkg was effective against cattle grubs, Hypoderma bouis (L.) 
and H. li"eatum (de Villers), and the cattle biting louse, Bouicola bouis (1.). 
Also, Barth and Preston (1988) reported that topical treatment with ivermectin 
at 500 ~g/kg was fully effective against Chorioptes bouis (Gerlach) and 
Sarcoptes scabiei (De Geer) on cattle. 

In the study reported here, two trials were conducted to evaluate the efficacy 
of ivermectin in a pour-on formulation as compared to, and in conjunction with, 
insecticide-impregnated ear tags for controlling horn flies and face flies on 
pastured cattle. 

Materials and Methods 

Trial 1. This study was conducted at the ScholerMPurdue Farm in Warren 
County, Indiana. Crossbred Hereford and Angus cattle were split into four 
herds, each separated from other cattle by approximately 300-500 m. Herd 1 
consisted of 21 yearling heifers plus 1 bull, and served as an untreated control. 
Herd 2 consisted of 24 cow/calf pairs plus 1 bull. All adult cows and the bull in 
this herd were treated with iverrnectin 0.5% w/v (weight/volume) pour-on (MSD 
AGVET, Rahway, New Jersey) at 500 ~g/kg body weight on 2 June 1988 
followed by a second treatment to all animals in the herd on 30 August 1988. 
Ivermectin pourMon treatments were made by applying 95% of the material 
along the backHne from the withers to the tailhead. The remaining 5% was 
applied on the poll of each animal allowing material to flow down on the 
forehead in an attempt to control face flies, Musca autumnalis. Herd 3 
consisted of 24 cow/calf pairs plus 1 bull. All adult cows and the bull in this 
herd were treated initially with ivennectin 0.5% w/v pour-on at 500 j.lg/kg body 
weight on 2 June 1988 as in Herd 2. On 13 July 1988 the same animals were 
treated with two 10% permethrin (Atroban®, Pitman-Moore, Inc., Kansas City, 
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Kansas) ear tags each. On 30 August 1988, a second ivermectin treatment was 
made to both adult cows and calves, and all permethrin ear tags were removed. 
Herd 4 consisted of 65 cow/calf pairs plus 2 bulls. Each adult animal in this 
herd was treated with two 10% permethrin (Atroban) ear tags on 2 June 1988. 
These tags were kept on for the duration of the study. 

The population of horn flies on the cattle was assessed weekly between 1000 
and 1400 h by visual counts of flies on each of 10 randomly-selected adult cows 
in each herd. Counts consisted of estimates of the number of horn flies on one 
side from the top of the back to the belly, and from the point of the shoulder to 
the back leg of the animal during a 10-15 sec interval. Face fly populations were 
also assessed on the same animals by counting all face flies resting on the face 
and head of each animal during a 10-15 sec interval. Fly count data were 
statistically analyzed by a one-way analysis of variance, and means at each 
date were compared by the Duncan's multiple range test at the 5% level of 
significance (Little and Hills 1978). 

Trial 2. This study was conducted at the Southern Indiana Purdue 
Agricultural Center (SIPAC) in Dubois County, IN. Crossbred Hereford, Angus 
and Simmental cattle were split into four herds, each separated from other 
cattle by approximately 300-500 m. Herd 1 consisted of 18 cow/calf pairs plus 1 
bull, and served as an untreated control. Herd 2 consisted of 28 yearling heifers 
plus 1 bull. All animals in this herd were treated, as in Trial I, with ivermectin 
0.5% w/v pour-on at 500 ~glkg body weight on 18 May 1988 and on 31 August 
1988. Herd 3 consisted of 26 yearling heifers plus 1 bull. All animals in this 
herd were treated initially with ivermectin 0.5% wlv pour-on at 500 J.1g/kg body 
weight on 18 May 1988. On 19 July 1988, the same animals were treated with 
two 20% diazinon (Terminator®, Fermenta Animal Health, Kansas City, 
Missouri) ear tags each. On 31 August 1988, all animals in the herd received a 
second ivennectin treatment, and all diazinon ear tags were removed. Herd 4 
consisted of 19 cow/calf pairs plus 1 bull. Each adult animal in this herd was 
treated with two 20% diazinon (Terminator) ear tags on 18 May 1988; tags were 
kept on for the duration of the study. 

Fly counts and data analysis were done as in Trial 1, except fly counts were 
made every 2 wk. 

Results and Discussion 

Trial!. Horn fly control (percent reduction from untreated herd) averaged 
84% on cattle in Herd 2 treated with the ivermectin pour-on, 91% on cattle in 
Herd 3 treated with the ivermectin pour~on and permethrin ear tags, and 93% 
on cattle in Herd 4 treated with permethrin ear tags only (Table 1). In both 
herds treated with the ivermectin pour-on, horn fly numbers never exceeded 
16.5 flies per side as compared to as many as 190 flies per side on untreated 
animals. Although greater control over the course of the season was obtained 
from Herd 4 in which cattle were treated only with permethrin ear tags, horn 
fly numbers on cattle in all treated herds were maintained well below economic 
damaging levels of 200 flies per animal as established by Kunz et al. (984). 
Face fly populations were not affected by ivermectin treatments. In Herd 4, face 
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Table 1. Mean horn fly counts at Scholer-Purdue Farm (Trial 1 - 1988): 
X (mean percent reduction ft'om control).a,b 

Treatment 

Herd 3 

Herd 2 
(ivermectin 
pour~on + Herd 4 

Date 
Herd 1 

(control) 
(ivermectin 

pour-on) 
permethrin 
ear tags) 

(pennethrin 
ear tags) 

May 31 
June 15 
June 24· 
July 1 
July 9 
July 15 
July 22 
July 28 
Aug 3 
Aug 12 
Aug 20 
Aug 27 
Sept 3 
Sept 11 
Sept 25 

12.1 ab 
25.2 a 
20.0 a 
22.0 a 
25.5 a 
32.5 a 

6.5 a 
12.7 a 
20.0 a 
52.7 a 

162.5 a 
190.0 a 

43.5 a 
49.5 a 
55.0 a 

4.9 c 
10.0 b (60)" 

6.2 bc(69) 
5.8 b (74) 
7.1 b (72) 
5.0 b (85) 
6.3 a (3) 
3.6 b (72) 
4.7 b (77) 
7.0 b (87) 

16.0 b (90) 
13.3 b (93) 
16.0 b (63)" 

4.3 b (91) 
16.5 b (70) 

11.0 b 
8.8 b (65)< 
7.4 b (63) 
3.1 bC(86) 
4.8 bc(81) 
0.4 c (99)</ 

ob (100) 
1.3 c (90) 
2.3 c (89) 
4.8 b (91) 

10.5 b (94) 
12.0 b (94) 

7.5 bc(84j' 
2.5 b (95) 
2.9 c (95) 

16.9 a 
6.9 b(73)<" 
3.0 c(85) 
1.7 c(92) 
1.5 c(94) 
0.3 c(99) 
0.2 b(97) 
1.2 c(91) 
1.7 c(92) 
4.8 b(91) 
4.7 b(97) 
6.3 b(97) 
4.9 c(89) 
1.0 b(98) 
0.8 c(99) 

X 48.9 a 8.2 b (84) 4.6 b (91) 3.3 c(93) 

" Means within TOWS followed by the SDme letter are not significantly different <P < 0.05) (Duncan's 
multiple range test, Little and Hills 1978), 

b Counts represent means of horn flies counted on one side of 10 animals in each herd. 
c Ivermedin treatment (500 Ilglkg) - June 2, August 30. 
" Ear tags applied July 13. 
• Ear tags applied June 2. 

fly control averaged 61% for the duration of the study; in Herd 3, 31%. During 
the time permethrin tags were on the cattle in Herd 3 (13 July - 30 August), 
face fly control averaged 55%. 

Trial 2. Horn fly control (percent reduction from untreated herd) averaged 
48% on cattle in Herd 2 treated with the ivermectin pour-on only, 93% on cattle 
in Herd 3 treated with the ivermectin pour-on and diazinon ear tags and 90% 
on cattle in Herd 4 treated with diazinon ear tags only (Table 2). In all of these 
herds, the population means of horn fly were less than 60 per head, well below 
the economic damaging levels of 200 flies per animal (Kunz et al. 1984). No 
significant (P > 0.05) face fly control was achieved in any of the treated herds. 

The ivermectin pour-on treatment used was effective in significantly (P < 0.05) 
reducing horn fly populations. The second treatment was needed to keep horn 
fly numbers below the 200 flies per animal level, especially at SIPAC. At 
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Table 2.	 Mean horn fly counts at SIPAC (Trial 2 - 1988): X (mean 
percent reduction from control).a.b 

Treatment 

Herd 3 
(ivermectin 

Herd 2 pour-on + Herd4 
Herd 1 (ivermectin diazinon (diazinon 

Date (control) pour-on) ear tags) ear tags) 

May 17 27.5 b -' -' 49.0 a 
June 4 54.5 a 0 b(100) 0 b (l00) 4.0 b(93'" 
June 16 187.5 a 10.0 a(95) 11.5 a (94) 1.0 b(lOO) 
June 28 66.0 a 15.0 b(77) 39.5 ab(40) 0 b(lOO) 
July 14 63.3 a 41.0 b(35) 10.9 c (83) 1.8 e(97) 
July 29 70.0 a 42.0 b(40) 5.0 e (93)" 14.00(80) 
Aug 10 112.5 b 232.5 a(O) 0.6 e (100) 12.5 c(89) 
Aug 25 194.0 a 188.0 a(3) 0 b (l00) 4.5 b(98) 
Sept 11 270.0 a 7.5 b(99Jd 0 b (l00)" 17.0 b(94) 
Sept 28 71.5 a 70.5 a(5) 18.0 b (76) 28.0 b(62) 

X 104.9 a 55.1 b(48) 7.8 e (93) 10.7 e(90) 

" Means within rows followed by the .!lame letter are not significantly different (P < 0.05) (Duncan's 
multiple range lest, Little and Hill 1978). 

h Counts represent means of horn nies counted 011 one side of 10 animal!; in each herd. 
~ No counts made. 
oIlvcrrnectin treatment (500 ~glkg) - May 18, August 31. 
t Enr t.tlgs applied July 19. 
r Eur tags applied May 18. 

SIPAC, each ivermectin treatment appeared to control horn fly populations for 
up to 4 wk. 

Both insecticide-impregnated ear tag treatments were effective in controlling 
horn flies. However, as previously reported, populations of horn flies resistant 
to insecticides in ear tag formulations have been occurring, especially in 
situations l,vhere the same 01' related insecticides have been used on herds for 2 
or more years. At SIPAC, pyrethroid resistance has been documented since 
1986 (R. E. W., unpublished data). The lvermectin pour-on, as evaluated in 
these trials, shows promise as an alternative treatment for horn nies. even 
when it is used by itself. However, the pour-Oil formulation does not appear to 
be suitable for controlling face flies. One reason could be because of the 
systemic absorption of iverrnectin, which allows exposure only to blood-sucking 
nies. 
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Distribution of Sibling Species A, B, C, and D 
of the Anopheles quadrimaculatus Complex I 
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ABSTRACT The distribution of Anopheles qlladrimaculatus Say includes 
an area from the eastern half of the United States to southeastern Canada 
and northeastern Mexico. Recent research has determined that A. 
quadrimaculatus exists as a species complex. A, B, C. and D. A survey of the 
composition of natural populations of the A. quadrimaculatus complex 
indicated that species A is the predominant species and is widely distributed 
throughout the range of the complex. Species B was found throughout the 
southeastern U.S., except in southern Florida. Species D was found across 
the southeastern states, but always at a low density. Species C was found 
only in Florida and southern Georgia. 

KEY WORDS Dipt.era, Culicidae, mosquit.o, isozyme, polytene chromosome. 

Anopheles quadrimaculatus Say (Diptera: Culicidae) was first described in 
1824 from specimens collected in Wabasha, Minnesota (Knight and Stone 
1977). This species description was generally accepted, and A. quadrimaculatus 
was considered a single species over the ensuing years. Anopheles annulimanus 
Van del' Wulp, with a type locality of Wisconsin, is listed as a synonym in 
Knight and Stone (977). The distribution of A quadrimaculatus was generally 
accepted as covering the eastern half of the United States, southeastern 
Canada, and northeastern "Mexico. There were no indications in past literature 
of the existence of a species complex, but the results of recent studies, in which 
modern genetic techniques were used, indicated a complex of four sibling 
species that have been temporarily assigned the designations, A, B, C, and D 
(Kaiser et al. 1988a,b, Lanzaro et al. 1988, Narang et al. 1989a,b). Species C 
has been split into two geographic groups, for which there is incomplete 
evidence concerning whether these groups represent distinct species (Narang et 
al. 1990). 

The sibling species cannot be distinguished by examination of the 
morphological characters listed in the existing taxonomic keys. The lack of prior 
references on the existence or' a species complex is not surprising in view of the 
morphological similarities of the sibling forms, and the fact that all four species 
are generally difficult to rear in the laboratory. 
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In past years A. quadrimaculatus was incriminated as the most important 
vector of human malaria throughout much of its distribution, and these species 
are currently considered important pests, especially in riceland, reservoir, and 
swampland ecosystems. The sibling species important as malaria vectors, and 
their importance as pest of man, are unknown. Likewise, details of the 
distribution of members of the complex are not completely resolved, but better 
knowledge in this area has been established through recent surveys of the 
composition of natural populations of the complex, primarily from the 
southeastern U.S., ranging from Florida to Texas north to Kentucky. but also 
from selected sites in Minnesota, Wisconsin, Michigan, New York, and New 
Jersey. These data are reported below in the form of county records. 

Materials and Methods 

Collection Sites. Adults of the A. quadrimaculatus complex were collected 
from 163 sites by using power aspirators to capture adults resting in either 
lreeholes, crevices on trees and logs, or in artificial habitats such as wooden 
boxes, culverts, under bridges, and barns. The counties where collections were 
made are listed in Table 1. Sampling sites were selected in order to study the 
complex by following certain water systems that cross large areas across the 
southern states, e.g. the Tennessee Valley Authority reservoir system. the 
Tombigbee \Vaterway, and the reservoirs on the Savannah River. Certain sites 
on the coastal plain of the southern states (e.g. the Santee-Cooper reservoir) 
were also chosen because of the known importance of malaria in the past. 
Because of their nearness to our laboratory, collections were also made at 
numerous sites on the rivers, lakes, and swamps of north Florida. Populations 
found at the type locality in Minnesota and across the Mississippi River in 
Wisconsin were also sampled. Cooperators generously sent samples from other 
sites in Alabama, Mississippi, Louisiana, Texas, Tennessee, North Carolina, 
Arkansas, New Jersey, and Michigan. 

Identification of sibling species. The four sibling species were identified 
by either the electophoretic taxonomic key of Narang et al. (l989a,b) or by 
examination of the polytene chromosomes found in the ovarian nurse cells 
(Kaiser et a1. 1988c). Starch-gel electrophoresis was conducted primarily 
according to Steiner and Joslyn (1979) with a few modifications (Narang et al. 
1989a). Electromorphs of 29 presumptive loci in 18 enzyme systems were 
studied, and identification of the four sibling species can be accomplished by 
this method. In addition to documentation of the sibling species, the data on 
chromosomes were collected to assess the frequency of various inversions (J. A. 
S., unpublished data) found in natural populations of species A and B of the 
complex. Preparation of the ovarian polytene chromosomes was done by using 
standard methods (Kaiser and Seawright 1987). Fixed differences in inversions 
were used to identify species A and B (Kaiser et a1. 19S5c). The identification of 
species C was based on the indistinct banding patterns that are peculiar to that 
species (Kaiser et a1. 1988c). Species D was discerned by the lack of polytene 
chromosomes in the ovarian nurse cells (Narang et a1. 1989b). The accuracy of 
identifying species C and D by the chromosome method was established by 
correlating the analyses of isozyme and chromosome samples of each species. 
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Results and Discussion 

Over 14,000 mosquitoes were classified according to species during the 
course of the survey. These data, especially those from the isozyme analyses, 
are being used for the detailed study of the genetic structure of natural 
populations of the four sibling forms (unpublished data). 

With the exception of a few collection sites, species A is the predominant 
form and was collected throughout the range of the complex (Table 1). 
Specimens collected near the type locality in Minnesota and Wisconsin were 
species A. This is undoubtedly the most important of the sibling species since 
this type seems to occur throughout the range of the accepted description of 
A. quadrimaculatus. However, in a few populations (e.g. Hamilton County, 
Florida, Camden County, Georgia, and Montgomery County, Alabama> species 
B was the most abundant form, and it was also widely distributed, although it 
was not found in the collections from sites in the northernmost states. Because 
of the widespread distribution and abundance of species A and B in most 
localities, they are probably the species that most researchers have studied in 
the past. This is obvious since the collection technique employed in our work is 
the method preferred by most previous researchers. 

Species C was collected in Florida along the Gulf Coast and the river 
systems that now into the Gulf, and near Savannah, Georgia along the 
Ogeechee River (Fig. 1). This species has been subdivided, on the basis of 
isozyme analysis, into C, and C2 (Narang et 01. 1990), but thus for analyses of 
mtDNA divulged no difTerences (unpublished data). Whether these two forms 
are truly sibling species remains to be resolved. The C2 type was collected in 
the Florida panhandle and along the Ogeechee River in Georgia, and the C1 
type was found over the remainder of the range shown in Figure 1. Both types 
of species C usually occur sympatrically with species A andlor B, and C2 occurs 
sympatrically with species D in the Florida panhandle and near Savannah, 
Georgia. Only a few limited collection sites were sampled in the eastern part of 
northern Florida and southern Georgia, and it is likely that species C will be 
found to range over most of that area when adequate samples are available. 

Species D has been collected at widely scattered sites across the Southeast 
(Fig. 2). Collections that were positive for species D included sites at Pickwick 
and Kentucky Reservoirs in the TVA system, the Tombigbee Waterway and 
Noxubee National Wildlife Refuge in Mississippi, the Savannah (near Augusta), 
Ogeechee (near Savannah), and Satilla (near Jesup) Rivers in Georgia, and the 
Choctawhatchee and Appalachicola Rivers in the Florida panhandle. The range 
probably includes most of the southeastern U.S., but this species either occurs 
at very low densities, or our sampling technique may not be the best method for 
capturing species D. Until species D was encountered, confidence in OUf 

sampling methods were not of major concern; however, the widespread range of 
species D, coupled with Jow density, has caused some concern about the 
methods for collection of representative samples of the complex. 

As shown in Table 1, Florida and the TVA reservoir system have been 
extensively surveyed. The distribution of the four species in Florida is shown in 
Figure 3. Although the number of collections are somewhat limited compared to 
the northern part of the state, only species A has been collected in the southern 
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Table	 1. Summary of the distribution of the four members of the 
Anopheles quadrimaculatlls complex shown 8S percentages 
and listed by counties. 

Method of Analysis Number SIBLING SPECIES (%) 

of 
State County Isozyme Chromosome Mosquitoes A B C D 

ALABAMA Colbert 
Greene 
Houston 
Jackson 
Lauderdale 
Lawrence 
Limestone 

•
• 

• 
• 
* 

•
• 

150 
61 

100 
50 

144 
22 

361 

98 
66 
88 

100 
98 

100 
58 

1 
34 
12 

0 
2 
0 

42 

0 
0 
0 
0 
0 
0 
0 

1 
0 
0 
0 
0 
0 
0 

Madison 
Marshall 
Montgomery 

Morgan 
Pickens 

• 
• 
• 
* 

• 
• 

• 

195 
105 

51 
69 

164 
408 

49 

60 
39 

100 
13 
12 
66 
94 

40 
61 

0 
86 
88 
34 

6 

0 
0 
0 
0 
0 
0 
0 

0 
0 
0 
1 
0 
0 
0 

ARKANSAS 
Sumter 
Arkansas 

• 
* 

49 
100 

92 
100 

8 
0 

0 
0 

0 
0 

FLORIDA Alachua * 884 90 8 2 0 

* 29 69 28 3 0 
Calhoun * 49 78 4 16 2 
Citrus * 145 84 1 15 0 

Collier 
Dixie 

•
• 

• 

* 

52 
125 
929 

91 

92 
100 

8 
39 

0 
0 
6 
4 

8 
0 

86 
57 

0 
0 
0 
0 

Escambia * 99 94 6 0 0 
Flagler * 46 46 54 0 0 

Gilchrist * 
• 20 

333 
30 
76 

70 
2 

0 
22 

0 
0 

* 47 68 2 30 0 
Glades * 94 100 0 0 0 
Gulf * 189 63 21 16 0 

Hamilton • 
• 

* 

140 
335 

1077 

50 
18 

8 

45 
82 
92 

5 
0 
0 

0 
0 
0 

Hernando * 11 82 0 18 0 

Holmes * 
• 25 

50 
64 
34 

0 
32 

36 
20 

0 
14 

Indian River 
Jackson 
Jefferson 
LaFayette 
Leon 

•
•
•
• 
* 

25 
24 
30 
66 

101 

100 
75 
80 
77 
85 

0 
4 
3 

17 
5 

0 
13 
17 

6 
9 

0 
8 
0 
0 

Levy * 477 33 3 64 0 

Liberty 
Marion 

• 
* 

• 78 
68 
37 

59 
35 
97 

4 
50 

0 

37 
14 

3 

0 
1 
0 

* 103 98 2 0 0 
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Table 1. Continued. 

Slale County 

Method of Analysis Number 
of 

Isozyme Chromosome Mosquiloes 

SIBLING SPECIES (%) 

A B C D 

Okaloosa	 24 100 0 0 0•
Okeechobee	 22 100 0 0 0•
Orange	 26 100 0 0 0•
Palm Beach	 59 100 0 0 0•
Santa Rosa	 21 100 0 0 0•
Sarasota	 115 100 0 0 0• 
Sumter	 466 87 I 12 0• 

100 100 0 0 0•
Suwannee	 102 77 12 11 0• 

4 100	 0 0 0•
Taylor •	 95 56 0 44 0 

14 64 7 29 0•
Wakulla	 99 62 3 35 0• 

33 91 6 3 0•
Walton	 347 4 1 61 34• 

• 73 19 8 21 52 
Washington 76 1 1 98 0•

GEORGIA	 Brooks 24 67 33 0 0•
Bryan	 31 100 0 0 0•
Bullock	 28 53 43 4 0•
Camden	 73 0 99 0 1•
Chalham	 141 18 72 4 6• 

21 19	 81 0 0•
Effingham • 233 22 35 32 11 
Harl 65 23 77 0 0• 

6 17 83 0 0•
Lanier	 24 42 58 0 0•
McDuffie	 12 92 0 0 8•
Screven •. 95 60 21 14 5 
Seminole 107 96 4 0 0• 

KENTUCKY	 Calloway 50 100 0 0 0•
Marshall	 131 99 I 0 0•
Trigg	 144 90 10 0 0• 

LOUISIANA	 JelTDavis 16 100 0 0 0• 
100 100 0 0 0•

Vermilion	 47 98 2 0 0•
MICHIGAN Ingham • 52 100 0 0 0 
MINNESOTA Wabasha 14 100 0 0 0•
MISSISSIPP1	 Bolivar • 31 100 0 0 0 

Itawamba 173 66 28 0 6•
Lowndes	 130 66 34 0 0•
Monroe • 118 86 14 0 0 
Noxubee 525 32 68 0 0• 

• 148 32 68 0 0 
Tishomingo 212 42 8 0 50• 

12 17 0 0 83• 
NEW JERSEY Salem • 46 100 0 0 0
 
NEW YORK Westchester 53 100 0 0 0
• 

• 100 100 0 0 0 
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Table 1. Continued. 

Method of Analysis Number SIBLING SPECIES (%) 
of 

State County Isozyme Chromosome Mosquitoes A B C D 

N.CAROLINA	 McDowell * 27 100 0 0 0 
Wake * 75 93 7 0 0 

* 44 86 14 0 0 ,S.CAROLINA	 Anderson 29 62 38 0 0 
* 8 50 50 0 0 

Calhoun * 152 76 24 0 0 
Clarendon * 62 92 8 0 0 
Jasper * 38 100 0 0 0 
McCormick * 17 65 0 0 35 

* 26 92 8 0 0 ,Sumter 50 100 0 0 0 
TENNESSEE Anderson * 48 100 0 0 0 

Benton * 50 64 34 0 2 
* 105 5 95 0 0 

Decatur * 98 98 1 0 1 
Henry * 126 97 3 0 0 ,
Houston 51 96 4 0 0 
Humphreys * 100 98 2 0 0 
Marion * 99 100 0 0 0 
Meigs * 109 100 0 0 0 

* 100 100 0 0 0 
Rhea * 104 95 5 0 0,Roane 34 100 0 0 0 
Stewart * 102 97 3 0 0 

TEXAS Chambers * 94 100 0 0 0 
* 100 100 0 0 0 

WISCONSIN LaCrosse * 17 100 0 0 0 
_.u___ .n__ h __________ d ____ ~ _____________ n ________ n ______ n _____ n ___ n _____ n ____________n_n____ • ___n_ 

TOTALS	 14360 59 25 14 2 

half of the state. Most of the populations along the Gulf Coast consist of species 
A and C, but several populations that consisted of species A, B, and C were 
detected. In the Florida panhandle, all four species were found to occur 
sympatrically. Results of collections from TVA reservoirs are listed in Table 2. 

River-mile (Rm) reference points of the Tennessee, Cumberland, and Clinch 
Rivers were used to designate general locality of collections and were taken 
directly from standard navigational charts. These river-mile designations 
represent a point on the main channel nearest the collection site. Species A was 
the dominant species in every reservoir sampled, and was the only species 
found at Wilson, Guntersville, Nickajack, Chickamauga, and Melton Hill Lakes. 
Species B was found (albeit at low density levels for some sites) at Barkley, 
Kentucky, Pickwick, Wheeler, and Watts Bar Lakes. Species D was found at 
Kentucky Lake and Pickwick Lake. Species C was not detected at any of the 
TVA reservoirs sampled. 
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Fig. 1.	 Distribution of Anopheles quadrimaculatus species C in Florida and 
Georgia. 
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Fig. 2.	 Sites in the southeastern U.S. where Anopheles quadrimaculatus 
species D were collected. 
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Fig. 3.	 Distribution of sibling species of the Anophele6' quadrimaculatus 
complex in Florida. 

There are indications that the species frequencies of some mixed populations 
are stable for several years. For example. monthly collections were made at 
Lake Octahatchee, Hamilton Co., Florida throughout the breeding season for 2 
yr (1986-87). The mean frequencies in 1986 (six collections) for species A and B 
were 8.1% and 91.9%, respectively; the 1987 (seven collections) mean 
frequencies for species A and B were 8.2% and 91.8%, respectively. The 
population was checked again in 1990 and the frequencies of species A and B 
were 4.5% and 95.5%, respectively. 

However, for other populations the frequencies of the sibling species varied 
considerably for sites located within close proximity and from year to year. 
Some of the data are presented in detail in Tables 2 (TVA system) and 3 
(Ogeechee and Choctawhatchee Rivers) to show the variability encountered. 

For example, Kentucky Lake, which transects \vestern Tennessee, was 
sampled at 13 locations, with 11 containing> 94% species A. Mosquitoes fmm 
the Camden site were 95% species B, and at Morgan Creek on the opposite side 
34% were species B. At Pickwick Lake, the populations were mostly species A, 
except for Yellow Creek, which was 74% species D. The Ogeechee River in 
Georgia and the Choctawhatchee River in west Florida were sampled at close 
intervals. At both locations, all four species were found in sympatry at many of 
the sites, but the density levels varied from site to site along each river (Table 3). 
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Table 2. Su.mmary of the percentages of species A, B, and D of the 
Anopheles quadrimaculatus complex collected in the TVA 
reservoir system. 

Dal~ Number Species % 
Ri\ler- Monthl of 

Reser'o'oir: Site Mile" County/Slate Year j\'losquitoes A B D 

Kentucky Lake: 
King Creek 31 Murshall!KY Aug 88 64 100 0 0 
Jonathan Creek 39 MarshulllKY AugBS 50 100 0 0 
Rushing Creek 50 StewnrtlrN Aug8B 52 100 0 0 
Blood River 55 Callo.....ny/KY Aug 88 50 100 0 0 
Cypress Creek 63 Henr)'trN AugBS 51 100 0 0 
West Sandy Creek 70 Henr,yrrN Aug 88 75 95 5 0 
Can~ Creek 79 Houst.ontrN Aug 88 51 96 ,I 0 
Big Richland Creek 88 HumphreysfI'N Aug 88 50 100 0 0 
Camden 
Duck River 

101 
110 

Bentonfl'N 
Humphreys/TN 

Aug 88 
AugS8 

105 
50 

5 
96 

95 , 0 
0 

Morgan Creek 119 13entonfl'N Aug sa 50 6' 3-1 2 
Enst Perryville 135 DecnturtrN Aug8a '8 100 0 0 
Slcwman Creek 168 DccnturtrN Aug 88 50 98 2 2 
Lake Barklc)':b 
Honker Lake 54'- TriIJg/KY Aug sa '6 87 13 0 
Energy Lake 
Ford's Bay 

58 
69 

TTiggIKY 
TriggIKY 

Aug sa 
Aug 88 

'9,. 90 
100 

10 
0 

0 
0 

Neville Bay 79 SlewartffN Aug 88 50 94 6 0 
Pickwick Lake: 
Ycllow Creek 443.1 Tishomingo/MS Scp 87 68 4 9 87 

Aug 88 50 44 0 56 
Bear Creek 
Second Creek 

225 
227 

ColbcrtJAL 
Lnuderdale/AL 

Aug 88 
Aug 88 

'8 
50 

100 
96 

0, 0 
0 

South Colbert Creek 236 Colbert/AL Aug 88 50 100 0 0 
LitLie Bear Creek 2'9 ColbclVAL Aug 88 50 lOO 0 0 
Collier Slough 254 Llluderdalclr\L Aug 88 48 98 2 0 
Wilson Lake: 
Edgewater Beuch 264 LuuderdalefAL Aug sa '6 100 0 0 
Town Creek Bridge 2i2 LawrcnccJAL Aug 88 22 100 0 0 
Wheeler Lake: 
Fox Creek 297 MorgnnJAL AugB7 55 100 0 0 

Aug 88 48 96 4 0 
Mud Creek 300 Limestone!AL AugB7 52 98 2 0 

Aug 88 '18 100 0 0 
Whiteside Springs 307 Limestone!AL Aug-87 84 45 55 0 

Aug-88 75 23 77 0 
Flint Creek 309 MorgHnlAL AugS? 

I\ug fiB 
55 
,17 

2' 
60 

76 
'0 

0 
0 

West Flint Creek :109 Morglln/AL Aug8? 53 " 26 0 
I\ug 88 " 62 38 0 

Bcnv£!rdam Creck 311 LimcstonclAL AugB? 52 94 6 0 

Cavc Springs 

Blackwell Swamp 

3J4 

317 

MorgllnlAL 

Madison/AL 

Aug8a 
Aug8? 
Aug 88 
AugS? 

50 
55 
48 
55 

10 
56 
56 
62 

90

,","
38 

0 
0 
0 
0 

AugBa 50 " 86 0 
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Table 2. Continued. 

Date Number Species % 
River- Month! or 

Reservoir: Site Mile" CounLylSlatc Year Mosquitocs A B D 

Guntersville Lake: 
Browns Creek 357 MarshalUAL ScpaG 51 100 0 0 
Mud Creek 395 JacksoniAL Scp 86 50 100 0 0 
Nickajack Lake: 
Parker's Cove 426 MariontrN Aug88 49 100 0 0 
Bennett Lake 433 MnrionlI'N AugSS 50 100 0 0 
Chicknmnugn Lake: 
Blythe Ferry 499 McigslfN Scp 87 209 100 0 0 
Watts Dar Lake: 
Piney River Bridge 533 RhcntrN Aug 88 104 95 5 0 
Whites Creek 545 RoanetrN Aug 88 34 100 0 0 
Melton Hill Lake: 
Haw Ridge Park 47' AndcrsontrN 1\ug88 48 100 0 0 

" Reference points laken from Tennessee River Navigation Charts beginning at. Paducah, Kentuck}· 
and terminating at Knoxville, Tennessee. 

h Lake Barkley is a project of the Army Corp of Engineers. Barkley Canal connects Lake Darkle)' and 
Kentucky Lake. 

e River-mile points of Cumberland River originntes at Smithland, Kentucky. 
dTnken rrom Tennessee-Tombigbee Waterway Navigation Charts beginning at. Mobile, AL and 

LCnninating at Ycllow Creck. Tishomingo County, Mississippi. 
f Rivcr-milc points of Clinch River originat.ed at Kingston, Tennessee. 

Variation over time was detected at Yellow Creek for species A and 0 (Table 2) 
and at Wheeler Lake, where collections of species A and B were made at eight 
sites within a few miles of each other in August 1987 and 1988 (Table 2). Similar 
to the data on Lake Octahatchee, the frequencies of species A and B remained 
unchanged at Fox Creek (FOX), Mud Creek (MUD), and Cave Springs (CAV); 
FOX and MUD had the highest frequencies of species A of the eight sites and 
were across the western end of the lake from each other. Increases in relative 
densities of species B were noted for Beaverdam Creek (BEA), 6 to 90%, and 
Blackwell Swamp (BLAl, 38 to 86%, in 1987 and 1988, respectively. There were 
also changes for Whiteside Springs (WHO, Flint Creek (FLU and West Flint 
Creek (WES). 

Genetically, the A. quadrimaculatus complex is very interesting, and the 
data on the sibling species in this complex probably should be taken as an 
indication of anticipated species complexity in the other widely distributed 
species of anopheline mosquitoes in North America. The problems in studying 
the genetics of the anophelines are the difficulties associated with rearing them 
and the inability to establish representative laboratory colonies. A large part of 
the original range of the A. quadrimaculatus complex, including most of the 
midwestern and northeastern states, remains to be examined thoroughly for 
the sibling types. Until that part of the analysis is completed, the ranges of the 
sibling species will not be resolved. 
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Table 3.	 Summary of the percentages of species A, B, C, and D of the 
Anopheles quadrimaculatus complex collected along the 
Ogeechee and Choctawhatchee Rivers, 1988. 

Number Species (%) 
Rivera of 

River: Site mile Mosquitoes A B C D 

Ogeechee: 
Hwy 17 Bridge 14 31 100 0 0 0 
Sheds Fish Camp 21 44 48 39 9 4 
Hwy 204 Bridge 25 86 0 93 2 5 
Hwy 26/80 Bridge 34 74 12 87 0 1 
Hwy 119 Bridge 43 130 35 13 38 14 
Old River Road 53 26 58 42 0 0 
Hwy 24 Bridge 61 47 72 9 15 4 
Hwy 301 Bridge 73 49 53 29 12 6 
Cboctawhatchee: 
Rooks Bluff 10 105 1 0 99 0 
Hwy 20 Bridge 16 116 4 1 18 77 
Holmes Creek 24 76 1 1 98 0 
Morrison Springs 33 65 3 2 81 14 
1-10 Bridge 43 50 34 32 20 14 

a River-mile reference points estimated from United States Geographic Society topographical maps. 
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ABSTRACT Separate and combined effects of lone star tick parasitism and 
theileriasis on the hematology and survival of white-tailed deer fawns were 
determined. Twenty fawns 12 ± 2 d of age were placed into one of four 
experimental treatment groups: (1) control, (2) Tlreileria·infected tick group. 
(3) non-Theileria-infected tick group, or (4) those inoculated intravenously 
with Theileria-infected blood. 

Mortality and significant reductions in weight, hemoglobin, packed-cell 
volume, and erythrocytes were recorded for fawns infested with lone star 
ticks, Ambl:yomma americanum (L.). No noticeable reduction in blood 
parameters or weights were obser....ed in the intravenous treatment animals. 
The suppression of fa ....m weight gains and reduction in hematological values 
were related to the number of ticks infesting an animal, but not with the 
presence of Theileria. 

KEY WORDS Acarina, Ixodidae, Piroplasmorida, Theileridae, lone star tick, 
white-tailed deer, Odocoileus uirgi"ianus, deer mortality. 

Oklahoma researchers have observed a significant number of deaths in neo
natal white-tailed deer fawns (Odocoileus virginianus Zimmermann) supporting 
heavy infestations of lone star ticks, Amblyomma americanum (L.) (Bolte et a1. 
1970). Although limited by the number of animals and observations, these 
workers speculated that up to 57% of the annual fawn crop was lost in their 
study area as a result of tick-host interaction. Emerson (1969) also indicated that 
heavy infestations of ticks and blood loss killed fawns in east Texas. In 
laboratory studies, Barker et al. (1973) reported that 100% mortality of fawns 
occurred when newborn test animals were subjected to infestations of adult lone 
star ticks closely approximating tick populations that normally occur on fawns in 
eastern Oklahoma. Lesser tick infestation levels established by these workers 
resulted in no mortality of fawns, but marked reductions in packed-cell volume 
and hemoglobin were observed. These workers also reported that tick-infested 
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animals under study become infected with Theileria cervi Schaeffler. 
Theileriasis in white· tailed deer in the United States was first reported by 
Krier et al. (1962) and later by Cook et al. (1965), Glazener and Knowlton 
(1967), Kuttler and Robinson (1967), Samuel and Trainer (1970) and Kuttler et 
al. (1967). The pathological effects of theileriasis on young white-tailed deer is 
relatively unknown. 

The Tole of white-tailed deer in the population dynamics of lone star ticks 
appears to vary from region to region in the United States. For example 
Zimmerman et al. (1987) substantiated the findings of Cooney and Burgdorfer 
(1974) that implicated O. uirginianus as the principal wild host for all stages of 
A. americanum, whereas Schulze et a1. (1984) considered Peromyscus leucopus, 
the white-footed mouse, the principal host of subadult A. americanum in New 
Jersey. The relationships between the lone star tick and white-tailed deer are 
complicated. When deer were excluded from wooded habitats in Kentucky and 
Tennessee, numbers of larvae were markedly reduced, but numbers of nymphs 
and adults increased, a phenomenon which biologically would be difficult to 
explain (Zimmerman et a1. 1987). No recent works are known that deal with 
tick-induced wild animal mortality. 

The experiments herein were designed to monitor certain blood parameters 
of young fawns so that the effects of tick parasitism and theileriasis on this host 
could be determined. It was assumed that such information would aid in 
identifying those factors contributing to hematological alteration and fawn 
mortality. 

Materials and Methods 

Experimental Animals. Pregnant adult white-tailed deer, 3-8 yr old, were 
collected at random from the Cookson Hills Wildlife Refuge, Cherokee County, 
Oklahoma, between January and March 1971. Following capture, does were 
confined in a post-oak hickory woodlot of ca 1.5 ha and sustained on an ad 
libitum artificial diet (French et al. 1956). 

Prior to the fawning season of late May and early June, Gardona [2-chlor-1 
(2,4,5-trichlorophenyl) vinyl dimethyl phosphate] insecticide dust was applied 
to the woodlot pen to kill indigenous lone star ticks, Amblyomma americanum. 
This was necessary to prevent tick infestation of neo-natal fawns prior to 
initiation of laboratory studies. The holding pen was examined frequently for 
newborn fawns, and within 24 h of birth, fawns were removed from the does 
and relocated to an animal laboratory in Stillwater, Oklahoma. 

Fawns were maintained on a formulation of 1:2 Pet Milk®: water given three 
times per day for 2 wk. Following the second week the diet was changed to a 
powdered milk calf supplement (Lan-o-Lake®, Associated Milk Producers, Inc., 
Madison, Wisconsin). Water containers were placed in pens to provide 
additional water. Experimental treatment groups were maintained in fOUf 
separate but similar tick-proof areas. 

Experimental Infestations of Fawns, At approximately 12 d of age, each of 
20 fawns were randomly placed in one of four treatment categories: (1) control, (2) 
fawns to be infested with field-eollected Theileria-infected ticks, (3) fawns to be 
infested with laboratory-reared non-Theileria-harboring ticks, or (4) fawns to be 
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injected intravenously with 5 ml of infected blood from a Theileria-infected 
splenectomized deer. Treatment groups (2) and (3) were subdivided into two 
groups (high and low infestation) depending on the number of ticks to be placed 
on each subgroup. Each treatment group had three animals with the exception 
of the control group (six fawns) and a subgroup of treatment 3 (two fawns). 

The following abbreviations are hereafter used to identify the above
mentioned treatments: NH = non-infected ticks, high infestation; IH = infected 
ticks, high infestation; NL = non-infected ticks, low infestation; IL = infected 
ticks. low infestation; and Tl = Theileria-infected. 

Hoods constructed of muslin cloth and contoured to fit the fawn's head were 
used to facilitate fawn infestation by ticks (Barker et al. 1973). Adjustable 
elastic bands were inserted into the basal portion of the hoods to prevent ticks 
from escaping, and infestations of fawns was conducted after their evening 
feeding. This allowed ca. 14 h for tick attachment before the hoods were 
removed for the next feeding. 

Those fawns to receive the high tick level infestation received 80 female and 
60 male ticks per infestation, while those in the low infestation treatments 
received 30 female and 20 female ticks per infestation. Both the high and low 
rates used in this study were well below the average expected infestation rate 
seen under field conditions in the Cookson Hills Wildlife Refuge. Fawns were 
infested with the designated number of ticks on Monday, Wednesday and 
Friday until the experiment was concluded. Infected wild ticks used in this 
experiment were taken from the Cookson Hills Wildlife Refuge utilizing CO2 
traps (Wilson et al. 1972) and a vacuum sweeper (Hair et al. 1972). Theileria 
cervi infectivity rates oflone star ticks in the Cookson Hills Game Refuge were 
ca. 11.3% (Laird 1987). Domestic rabbits served as laboratory hosts for 
propagating non-infected ticks. 

Hematological Assay. Hematological assays were performed at the time of 
collection on approximately 6.0 ml of blood drawn from the jugular of each fawn 
twice each week (Monday and Wednesday) for 6 wk. Two milliliters of each 
blood sample were transferred to 4-ml vaccutainers containing 
ethylenediamine-tetraacetate (EDTA). The remainder of the blood sample was 
transferred to I5.0-ml glass tubes without anticoagulant. After centrifugation 
of whole clotted blood, serum samples were transferred to clean tubes and held 
at _120°C. EDTA blood samples were used for the following study and analysis: 
Wrights-Leishman stained smears of blood. packed cell volume (PCV). 
hemoglobin (Hb) and red blood cell counts by Coulter counter. Packed cell 
volumes were determined by the micTohematocrit technique, while hemoglobin 
measurements were made by light absorption of cyanmethemoglobin by the use 
of a spectrophotometer (B&L Spectronic 20 Colorimeter, Fisher Scientific, 
Plano, Texas). Total erythrocyte (RBC) and leukocyte cell counts were 
calculated in the same manner as presented by Schalm (1970). Total RBC 
counts used in the calculations were determined by the electronic Coulter 
Counter. Blood stains were done using a cover slip method and were stained in 
a Wright's-Leishman solution (Schalm 1970). 
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Results 

Fawn Mortality 
Longevity data of white-tailed deer fawns which were subjected to the 

various treatments are presented in Table 1. Fawn survival in the NH 
treatment ranged from 4 to 17 d post-tick infestation, and survival of the 
animals in the IH treatment ranged from 10 to 29 d. In the NH treatment, the 
first fawn to die had been infested with 280 adult ticks and the fawn which 
lived 17 d had received 1020 adult lone star ticks. In the IH treatment group, 
two fawns had been subjected to over 1000 adult ticks before death occurred. 
One fawn in the NL treatment succumbed 12 d after tick infestation, while with 
one fawn, death occurred in the IL group 16 d post·treatment. 

The two fawn deaths occurring in the two low infestation treatments 
occurred before the fawns had been infested with 360 lone star ticks. There was 
one accidental death in the control group of fawns, while no mortality was 
recorded for fawns inoculated intravenously with Theileria-infected blood. 

Table 1. Longevity of white-tailed deer fawns subjected to various 
treatments and percent of female ticks repleting within each 
treatment. 

Infestation 
Longevity Accumulated Repletion 

Treatment (Days)'> (Female and Male) (%) 

Control 32+,32+,32+ NA NA 
32+,32+,9 

Non-Infected Ticks 
High 4,10,17 280, 700, 1020 0,23,24 
Low 12,32+ 250, 700 24,43 

Theileria-Infected Ticks 
High 10,22,29 700, 1400, 1680 24,25,24 
Low 16,32+,32+ 350, 700, 700 33,28,39 

Theileria-Infected Blood 
LV. 32+,32+,32+ 

.. Each entry represents daw collected un one animal. 

Blood Composition 
Control Fawn Treatment. When comparing the initial RBC and 

hemoglobin measurements of similar aged fawns in the control treatment, 
considerable normal variability was observed <Table 2). Early in the study, 
blood values of some fawns in the control group were approximately twice the 
magnitude of similar aged fawns in the same treatment. However, by the 
termination of the experiment, the variability in RBC and hemoglobin readings 
between members of control and treatment groups had been reduced. Although 
the PCV, Hb, and RBC measurements tended 10 rise and fall together, the 
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normal 3:1 ratio of rcv to Hb (Schalm 1970) was not always exhibited. Control 
fawns demonstrated a slight reduction of the rcv, Hb and RBC values for the 
first 2-3 wk. This reduction was followed by a steady increase in magnitude of 
blood values until the experiment was concluded. 

NL and II. Fawn Treatments. In fawns receiving the NL treatment, rcv 
and Hb values of fawn #48 exhibited a reduction in excess of 55% of the initial 
blood levels by day 29-30 (Table 2). A 50% reduction of the initial RBC count 
was observed by day 35-36. Succeeding these significant reductions in blood 
levels, the PCF, Hb and RBC counts were observed to increase steadily until 
the conclusion of the experiment. The total leukocyte values for fawn #48 
ranged from 2.5 X 103 to 6.2 X 103 with a majority of the counts above 3.5 X 103 
WBC. Only slight variations in these blood values were recorded for fawn #45, 
which died ca. 2 wk post-treatment. 

In the IL treatment, fawn #36 showed a terminal rcv reduction by 56% (30.0 
to 13.0%) and fawn #35 exhibited a 54% (28.0 to 13.0%1 decline by day 26-27. A 
twofold reduction ofHb and RBC was recorded for fawn #36 on days 41-44, while 
a similar decline in these blood values for fawn #35 was observed approximately 
1.5 wk before the conclusion of the experiment. The total leukocyte counts for 
fawn #36 ranged from 2.7 to 5.1 X 103 WBC, while fawn #35 showed a high of8.8 
X 103 WBC and a low of 2.9 X 103 WBC. Prior to the death of fawn #32 on day 29
30, the initial rcv and Hb of 15.0% and 5.6 gm%, respectively, had been reduced 
by approximately 50%. Moderate variations were observed for the RBC counts. 

Although the PCV, Hb and RBC's of the two low infestation treatments 
tended to rise and fan together throughout the testing period, the expected 3:1 
ratio of PCV to Hb was not always exhibited. 

NH Treatment. Few hematological values were obtained from the NH 
treatment due to early mortality. However, significant reductions of rcv, Hb 
and RBC were recorded prior to death. The most marked decrease in these 
blood parameters was exhibited by fawns #42 and #30. The initial PCV and Hb 
values of fawn #42 were reduced from 22.7% and 8.5 gm%, respectively, to a 
terminal reading of 6.9% and 1.9 gm% on day 29-30 (Table 2). Comparable 
blood measurements and reduction were also reported for fawn #30. The 
terminal measurements were recorded on days 26-27 for this fawn. A 50°/r; 
decline in the initial RBC for animals #30 and #40 occurred approximately 1 
and 2 wk, respectively, post-infestation. The total leukocyte counts for fawn #30 
ranged from 2.0 to 7 X 103 WBC, while the range for fawn #40 was from 2.9 X 
103 to 8.8 X 103 WBC. Moderate variations of rcv and Hb measurements were 
recorded for fawn #46 prior to death. The terminal RBC count for this animal 
was ca. 50% of the initial level, while the terminal total leukocyte count showed 
a noticeable elevation when compared to the initial value. 

TI Treatment. The rcv and Hb readings in the T.V.-treatment group 
ranged from 16.0 to 24% and from 5.5 to 9.7 gm%, respectively (Table 2). Fawn 
#50 was the only animal in this treatment group which failed to exhibit 
elevated terminal measurements when compared to the initial blood values. 
The same trend was also noted in erythrocyte counts. The t.otal leukocyte 
counts for the LV. group ranged from 1.1 to 4.0 X 103 WBC, with no noticeable 
trend established between or within treatment animals. 
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Table 2. Hemogram of white~tailed deer fawns as influenced by
 
treatment and age. 

Age of Fawns (Days) 

Treatment Group 10-12 14-16 17-19 21-24 26-27 29-30 33-34 35-36 38-40 41-44 

Control 
Fawn #41 

PCV% 
Hbgm% 
RBC X 106 
WBC X 103 

23.2 
11.3 

20.4 
7.6 
8.5 
9.1 

23.0 
9.4 
9.9 
3.6 

25.0 
9.7 
9.1 
4.0 

25.4 
11.9 
!l.9 
4.9 

27.7 
10.4 
12.7 
4.5 

26.2 
9.4 

12.6 
3.4 

28.4 
10.4 
13.0 
3.7 

31.0 
12.9 
17.3 
3.8 

27.5 
11.8 
16.4 

4.0 

Fawn #43 
PCVO/O 
Hbgm% 
RBC X 106 
WBC X 103 

15.1 
6.5 

12.8 
4.7 
7.8 
5.6 

14.8 
4.3 
6.1 
2.6 

]7.5 
6.8 
5.5 
2.8 

15.9 
5.8 
6.8 
6.5 

16.2 
5.0 
7.2 
5.2 

20.6 
7.2 
8.1 
2.1 

19.5 
7.2 
8.0 
5.9 

24.0 
9.2 

10.5 
4.8 

24.5 
10.0 
8.3 
3.4 

Fawn #44 
FCV% 
Hbgm% 
RBC X 106 
WBC X 103 

16.5 
5.3 
5.1 
2.5 

18.0 
5.0 
4.7 
2.7 

16.9 
6.1 
4.2 
2.4 

16.0 
5.8 
4.2 
3.5 

15.9 
5.4 
4.7 
8.3 

16.5 
5.9 
5.2 
1.9 

15.0 
5.0 
4.4 
3.1 

16.2 
6.5 
5.5 
1.6 

15.6 
8.6 
5.1 
1.9 

Fawn #X3 
PCV% 
Hbgm% 
RBC X 106 
WEC X 103 

24.0 
10.4 

26.0 
10.3 
10.9 

2.2 

25.0 
10.1 
10.5 

2.6 

22.0 
8.6 
9.3 
3.5 

22.5 
8.5 
9.1 
3.1 

21.7 
9.2 
7.8 
3.1 

29.1 
11.9 
10.5 
4.3 

Fawn #Xl 
FCV% 
Hbgm% 
RBC X 10' 
WBC X 103 

25.4 
9.9 
9.0 
7.3 

20.1 
7.9 
8.9 
4.3 

25.0 
10.1 
10.3 

2.9 

21.0 
7.9 
8.6 
8.9 

28.1 
10.6 
13.7 
6.0 

29.0 
11.5 
11.6 
3.2 

29.3 
12.9 
11.7 
3.6 

Fawn #29 
FCV% 
Hbgm% 
RBC X 106 
WBC X 103 

25.3 
9.4 
7.0 
7.1 

20.0 
7.2 
7.3 
6.3 

22.2 
7.6 
6.9 
8.2 

20.3° 
7.2 
9.9 
5.9 

I. V. 
Fawn #50 

PCVO/O 
Hbgm% 
RBC X 106 
WBC X 103 

21.0 
8.6 
8.0 
2.2 

19.7 
7.6 
7.5 
2.1 

18.0 
6.8 
6.5 
4.3 

17.4 
6.8 
6.5 
2.4 

18.8 
6.8 
6.4 
4.3 

17.7 
7.2 
6.9 
3.0 

17.7 
6.5 
6.8 
2.7 

16.6 
6.8 
6.1 
2.6 

16.4 
7.9 
5.9 
2.1 

Fawn #47 
PCV% 
Hbgm% 
RBC X 106 
WEC X 103 

20.6 
8.1 
8.3 
3.0 

18.0 
7.2 
7.2 
2.5 

17.6 
7.0 
6.3 
2.2 

18.8 
7.9 
7.9 
2.2 

20.0 
7.9 
4.9 
1.7 

18.7 
7.2 
7.4 
2.0 

23.2 
8.5 
9.2 
1.4 

19.7 
8.6 
7.7 
2.5 

22.9 
9.7 
9.1 
2.1 
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Table 2. Continued. 

Age of Fawns (Days) 

Treatment Group 10·12 14-16 17-19 21·24 26·27 29-30 33-34 35-36 38-40 41-44 

I. V. 
Fawn #49 

PCV% 
Hbgm% 
RBC X lOG 
WEC X 103 

17.4 
5.5 
6.1 
2.8 

16.9 
6.1 
5.1 

16.0 
6.1 
7.1 
2.0 

16.5 
6.4 
7.6 
Ll 

20.1 
7.6 
7.6 
1.8 

21.1 
8.1 
7.6 
1.2 

19.0 
8.6 
6.8 
2.2 

21.1 
8.4 
8.3 
2.3 

24.2 
9.7 
9.4 

Non-Utfected Ticks 
High Infestation 

Fawn #46 
PCV% 
Hbgm% 
RBC X lOG 
WBC X 103 

18.3 
6.7 
8.0 
4.2 

19.8 
7.2 
7.4 
7.3 

6.0" 
5.7 
4.5 

13.2 

Fawn #42 
PCV% 
Hbgm% 
RBC X lOG 
WBC X 103 

22.7 
8.5 

22.0 
9.0 
7.9 
5.6 

20.8 
7.2 
8.2 
2.9 

19.0 
6.8 
7.6 
2.2 

9.0 
3.9 
4.3 
3.6 

6.9" 
1.9 
2.7 
6.9 

Fawn #30 
PCV% 
Hbgm% 
RBC X lOG 
WEC X 103 

25.0 
9.4 

22.0 
12.9 

7.8 
8.8 

22.4 
7.9 
5.1 
8.6 

7.0 
2.5 
5.9 
2.9 

6.0n 
2.5 
2.2 
3.4 

Non-infected Ticks 
Low Infestation 

Fawn #45 
PCV% 
Hbgm% 
RBC X 106 
WEC X 103 

19.2 
6.6 
6.5 
2.1 

17.7 
5.8 
5.8 
3.5 

16.8 
7.5 
3.9 
2.2 

17.0 
6.4 
6.3 
1.9 

17.9° 
6.5 
6.0 
2.5 

Fawn #48 
PCV% 
Hbgm% 
RBC X 106 
WEC X 103 

25.1 
11.2 

16.0 
8.3 
7.6 
6.2 

21.8 
8.3 
8.5 
4.4 

22.0 
8.3 
7.4 
2.7 

15.8 
6.4 
6.4 
2.6 

16.9 
6.5 
6.0 
2.5 

7.2 
2.5 
4.1 
5.4 

11.3 
5.4 
3.6 
5.2 

13.5 
5.4 
4.4 
3.6 

16.8 
6.8 
4.6 
5.1 

Infected Ticks 
High Infestation 

Fawn #34 
PCV% 
Hbgm% 
RBC X lOG 
WBC X 103 

29.3 
11.3 

29.9 
10.0 
10.2 
2.3 

28.0 
10.8 

9.1 
3.4 

25.9 
10.2 

8.7 
1.8 

16.0 
6.5 
7.5 
2.4 

15.5 
5.8 
5.5 
2.0 

8.7 
2.9 
3.3 
2.6 

10.2 
3.1 
2.2 
3.5 

7.7a 

2.5 
1.9 
1.9 

Fawn #33 
PCV% 
Hbgm% 
RBC X lOG 
WEC X 103 

31.4 
13.6 

28.5 
11.2 
8.3 
2.1 

27.0 
10.8 

9.0 
2.3 

13.9 
6.0 
3.9 
2.9 

10.9 
3.6 
3.1 
2.7 

11.0 
3.9 
2.9 
2.5 

5.30 

1.9 
3.6 
2.8 
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Table 2. Continued. 

Age of Fawns (Days) 

Treatment Group 10-12 14-16 17-19 21-24 26-27 29-30 33-34 35-36 38-40 41-44 

Fawn #31 
PCV% 26.1 22.4 15.2 5.9(1 
Hbgm% 10.3 7.2 6.1 2.5 
RBC X 10" 7.8 7.9 6.3 
WBC X 103 2.9 3.1 

Infected. Ticks 
Low Infestation 

Fawn #36 
PCV% 30.3 27.7 24.2 23.1 18.5 20.0 16.3 19.0 14.7 12.6 
Hbgm% 10.3 11.5 9.0 9.0 7.2 6.8 6.1 6.5 5.8 4.7 
RBC X 10" 7.3 8_3 6.8 5.7 5.1 4.9 4.0 4.1 3.0 
WBC X 10' 2.5 3.5 4.0 5.2 4.3 2.7 2.9 3.7 5.1 

Fawn #32 
PCVO/O 15.2 13.1 1'1.6 16.5 7.8 5.go 

Hbgm% 5.6 4.7 5,4 6.0 2.9 1.9 
RBC X 10" 5.9 6.9 6.7 4.7 
WEC X 10' 2.8 3.5 2.1 6.9 

Fawn #35 
PCV% 27.9 28.5 27.2 17.1 [3.0 19.3 14.1 19.0 17.5 16.4 
Hbgm% 11.4 10.8 10.1 7.9 5.4 6.5 5.0 6.9 7.2 7.6 
RBC X 10" 9.8 10.1 6.0 5.4 5.2 5.7 5.6 6.3 6.1 
WBC X 10' 4.3 4.5 8.8 2.9 5.4 3.9 6.7 4.9 

" F'awn died. 

Parasitism of Red Blood Cells 
The results of the microscopic examinations of blood smears indicated that 

there were no intracellular blood parasites present in the peripheral blood of 
the following fawn treatments: NL, NH and control fawns (Table 3). In the I.V.
treatment animals, the first appearance of infected red blood cells in the 
peripheral circulation occurred ca. 9 d following inoculation with infected blood. 
The highest percent of infected erythrocytes observed in the LV. group was 
3.0%. 

The RBC parasitemia in the IL treatment was observed in fawns #35 and 
#36 within 1 wk following tick infestation. The percent of infected red blood 
cells for both fawns in this group was observed to moderately increase to day 
33-34 04.8%) and a general decline was then noted in infected blood cell 
numbers. 

In the IH infestation fawn group, infected RBC's were observed 4 d after the 
animals had been subjected to Theileria-harboring ticks. The percent 
parasitemia in fawn #34 was less than 3.0% for ca. 4 wk and then rose sharply 
to 60.0% on day 33~34. A major reduction to less than 9.0% was observed on day 
38-40. The percent infected RBC's for fawns #31 and #33 did not exceed 15%, 
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Table 3. Percent of erythrocytes infected by Theileria sp. 

Age of Fawns (Days) 

Treatment Group 10-12 14-16 17-19 21-24 26-27 29-30 33-34 35-36 38-40 41-44 

Parasitemia% 

LV. 
Fawn #50 0 0 0 1.8 3.0 1.3 1.4 1.6 1.3 
Fawn #49 0 0 0 0.5 1.0 0.7 0.3 0.3 0.3 
Fawn #47 0 0 0 0 0 0 0.1 0.2 0.5 

Infected Ticks 
Low Infestation 
Fawn #35 0 0 0.2 3.1 11.4 6.9 5.3 2.3 1.5 2.6 
Fawn #32 0 0 0 0 0 0.60 

Fawn #36 0 0 1.9 2.3 3.8 5.0 14.8 8.4 7.3 6.5 

Infected Ticks 
High Infestation 
Fawn #31 0 0 0 15.0" 
Fawn #33 0 0 1.1 4.6 7.5 3.5 4.0Cl 

Fawn #34 0 0.5 1.4 0.8 1.5 2.5 59.9 39.0 RSCl 

"Fawn died. 

Fawn Weight Gains 
Individual fawn weights as influenced by treatment and age are reported in 

Table 4. The weight gains in the LV. and control fawn groups generally 
demonstrated a twofold increase in fawn weight from day 15 until the last 
recorded measurements. 

In the NH and IH groups, the post-treatment fawn weight gains exhibited 
moderate elevations succeeded by a general decline in animal weights prior to 
death. 

The initial weight increases in the NL and IL fawn groups exhibited a 
comparable increase with that of the control and l.V. fawn treatments. 
However, weight gains were suppressed in these groups during the latter 
portion of the experiment. 
Mean Corpuscular Volume (MCV), Mean Corpuscular Hemoglobin 
(MCR), Mean Corpuscular Hemoglobin Concentration (MCRe) and 
Leukocyte Differential of Fawn Treatment Groups. 

In the NH and IH treatments, the MeV measurements generally fell within 
the control treatment range of 31.0-23,3 )13 (Table 5). However, there were some 
measurements of the NH treatment animals which exceeded or fell below the 
values established for the control group. In the IH treatment, a prominent 
elevation in the MCV was observed in the terminal readings (33.0-42.7 1l3 ), 

while no appreciable trend was noted in the NH treatment. The MCH values 
for both of these groups generally ranged from 1-2 ~g above the control animal 
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Table 4. Weight changes of white·tailed deer fawns as influenced by
 
treatment and age. 

Approximate Age of Fawns (Days) 

Treatment Group 15 19 24 29 34 40 44 

Fawn Weight (Kg) 

Control 
41 
43 
44 

X·l 
X-3 

29 

3.2 
2.3 
1.8 
3.0 
3.6 
4.1 

3.6 
3.0 
2.3 
3.6 
4.1 
4.8 

4.8 
3.2 
2.7 
5.2 
4.8 
5.0n 

5.0 
3.9 
3.0 
5.0 
5.4 

5.7 
4.5 
4.3 
5.9 
6.4 

6.4 
5.2 
5.0 

7.3 
5.9 

!.V. 
47 
49 
50 

2.7 
2.3 
3.4 

3.4 
2.0 
4.1 

4.5 
2.7 
4.8 

5.2 
3.9 
5.2 

4.5 
5.2 
6.8 

Non·infected Ticks 
High Infestation 

42 
46 
30 

3.0 
3.4 
3.2 

3.6 
3.2 
4.3 

4.5 
2.30 

3.2a 

3.4° 

Non-infected Ticks 
Low Infestation 

45 
48 

2.3 
3.6 

2.7 
4.5 

2.5(1 
5.9 7.0 5.9 5.5 6.4 

Infected Ticks 
High Infestation 

31 
33 
34 

2.5 
4.1 
3.6 

3.4° 
4.3 
4.5 

5.0 
5.8 

4.5 
4.5 

4.30 

5.8 4.5 3.2 

Infected Ticks 
Low Infestation 

32 
35 
36 

2.7 
2.7 
3.0 

3.6 
2.7 
2.3 

3.4 
3.2 
3.2 

2.0" 
4.5 
3.2 

5.7 
4.3 

6.4 
5.0 

5.0 
4.1 

"Fawn died. 
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Table 5. Hematological values of white-tailed deer fawns as influenced 
by treatment and age. 

Differential Leukocyte Count (Percent) 
Age of Fawns 

(days) MCV(~3) MCH(ng) MCHC(%) Neutro. Lympho. Mono. Eosino Bas<> 

Control Groupfl 

10-12 31.2 ILl 39.3 64.9 30.7 3.6 0.80 0 
14-16 24.6 8.8 36.1 63.6 31.7 4.3 0.33 0 
17-19 28.7 10.5 36.7 55.6 38.6 3.3 2.30 0 
21-24 25.7 9.8 37.7 74.3 23.3 1.8 0.33 0.17 
26-27 25.5 9.7 38.7 64.2 30.5 4.6 0.25 0.25 
29-30 25.6 9.6 37.1 59.6 38.0 0 2.00 0.33 
33-34 26.1 9.8 38.1 66.4 30.8 1.4 1.40 0 
35-36 21.8 9.4 39.3 67.3 29.3 2.3 0.66 0.33 
38-40 236 10.9 45.0 59.0 39.3 0 1.7 0 
41-44 23.3 9.6 41.3 61.5 35.5 1.5 1.5 0 

LV. Groupb 

10-12 29.7 10.1 34.4 58.3 39.0 0.8 1.8 0 
14-16 25.6 10.1 38.2 53.0 42.3 2.3 2.3 0 
17-19 28.9 11.1 38.5 67.0 31.0 2.5 0 0 
21-24 24.6 10.1 40.0 
26-27 29.1 12.1 37.8 62.6 34.3 1.6 0.7 0 
29-30 26.0 10.4 39.4 50.0 48.0 1.3 0 0.7 
33-34 25.9 10.8 41.5 79.5 18.0 2.0 0 0.5 
35-36 26.5 16.7 44.2 62.6 33.6 2.6 0 1.0 
38-40 39.5 57.0 2.5 0.5 0.5 
41-44 

Non-infected Ticks - High InfestationC 

10-12 24.3 8.1 36.7 55.3 39.6 3.3 1.7 0 
14-16 26.8 12.7 45.4 49.0 46.0 2.0 3.0 0 
17-19 34.5 12.2 35.9 46.0 44.0 9.0 1.0 0 
21-24 18.5 6.6 35.7 46.5 45.0 7.5 0.5 0.5 
26-27 24.0 10.2 42.6 
29-3od 25.5 7.3 28.'1 

Non~infected Ticks - Low InfestationI.' 

10-12 32.2 10.5 36.1 62.5 33.6 1.3 2.0 0.33 

14-16 25.7 10.4 42.1 63.5 32.0 4.5 0 0 

17-19 39.5 14.5 41.2 51.5 46.0 2.0 0.5 0 
21-24 28.0 10.6 37.5 69.0 26.5 3.0 1.5 0 
26-27 26.2 10.4 38.2 
29-30 27.9 10.7 38.3 67.0 31.0 2.0 0 0 

33-34 35.0 75.0 20.0 3.0 0 2.0 



312 J. Agric. Entomol. Vol. 9, No.4 (1992) 

Table 5. Continued. 

Differential Leukocyte Count (Percent) 
Age of Fawns 

(days) MCV(~3) MCH(ng) MCHC(%) Ncutro. Lympho. Mono. Eosino Baso 

Non-infected Ticks - Low Infestatione 

35-36 31.3 15.0 47.7 no 20.0 1.0 0 2.0 
38-40 30.8 12.3 40.0 72.0 26.0 2.0 0 0 
41-44 36.2 14.7 40.7 59.0 29.0 0 4.0 8.0 

Infected Ticks - High InfestationC 

10-12 38.8 50.7 41.0 6.0 1.6 0.6 
14-16 30.8 11.0 35.8 38.6 54.3 4.6 2.3 0 
17-19 26.6 10.5 38.7 46.6 49.6 4.3 0 0 
21-24 24.9 10.3 41.4 37.7 59.6 3.0 1.3 0 
26-27 28.2 10.1 36.0 40.0 56.0 2.0 2.0 0 
29-30 33.0 11.8 36.0 42.5 51.0 4.0 2.5 0 
33-34 33.9 54.0 39.5 5.0 0.5 0.5 
35-36 46.3 13.6 29.4 17.0 60.0 4.0 19.0 0 
38-40 42.7 13.4 32.4 61.0 30.0 9.0 0 0 
41-44 

InIected Ticks· Low Infestation! 

10-12 41.4 66.6 27.9 3.7 1.3 2.2 
14-16 29.7 11.5 41.8 61.0 33.5 2.5 3.0 0 
17-19 25.9 9.6 36.9 52.6 43.3 3.6 0.3 0 
21-24 29.0 11.8 40.9 42.6 55.3 0.6 1.3 0 
26-27 25.6 9.6 38.8 56.6 39.0 2.7 1.7 0 
29-30 38.2 12.8 34.5 84.0 15_0 l.0 0 0 
33-34 29.3 10.6 36.2 39.5 50.0 7.0 2.0 1.5 
35-36 41.0 14.2 34.9 34.0 56.0 4.5 5.0 0.5 
38-40 32.2 12.8 39.9 46.0 39.5 7.0 7.5 0 
41-44 35.3 14_1 41.1 47.0 39.0 9.0 5.0 0 

<J Sample size range from 5 to 6 fawns. 
/0 Sample size - 3 fawns. 
.. Sample size - range from I to 3 fawns. 
,f Terminal measurement due to death of fawn. 
~ Sample size - range from t to 2 fawns. 
(Sample size - range from 2 to 3 fawns. 
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values. The MCHC values for the control animal group remained fairly 
constant, whereas the MCHC for the two high infestation fawn treatments 
showed a definite reduction. 

The percent of neutrophils and lymphocytes in the NH treatment were 
observed to be approx.imately equal throughout the test period. In the IH 
treatment, the percent of lymphocytes generally exceeded the neutrophils. The 
percent of basophils and eosinophils for this group was slightly elevated above 
the control readings. 

The initial MCV readings of the NL and IL treatments closely approximated 
the early measurements established for the control animal group of 32.2 Jl3 by 
days 26-37. Following this early trend, the MCV of the two low infestation 
animal treatments increased until the conclusion of the experiment. 

The terminal MeV measurements of the above groups exceeded the last 
recorded readings of the control fawn group by 12 !ls. The MCH of NL and IL 
treatments consistently read 1-2 !lg higher than the control group. The MCHC 
for the NL treatment ranged from 35.0·47.0%, while the same factor fbI' the IL 
group ranged from 34.0-42.0%. 

The percent neutrophils ranged from 51.0-77.0% in the NL group, while the 
percent neutrophils ranged from 34.0-66.6% in the IL group. During the 
terminal phase of the experiment, the latter group of fawns demonstrated a 
lymphocyte count 25.0-60.0% higher than that reported for the NL treatment. 

Blood Smear Erythrocyte Form 
A composite of RBC forms are summarized in Table 6. Results indicate that 

irregular morphology (poikilocytosis) and variable size (anisocytosis) are a 
common factor to RBC's of all fawn groups. In those animals where anisocytosis 
was prevalent, a twofold increase in size was noted for some RBC's. Other RBC 
forms which were present in each test group were Howell-Holly bodies, 
basophilic stippling, and polychromasia. The data does not seem to exhibit any 
interpretable trends within or between t.he specific fawn treatments. 

Discussion 

Mortality in white-tailed deer fawns may occur when young animals are 
subjected to as few as 150 to 540 adult lone star ticks per week for ca. 4 wk. 
Table 1 shows that all fawns in treatments receiving high numbers of non
infected or infected ticks succumbed within 30 d post tick infestation, while 
only one fawn death occurred in each of the two low tick infestation treatments. 
Field observations by other workers (Emerson 1969, Bolte et al. 1970) and 
under laboratory conditions (Barker et al. 1973) have also noted a definite 
correlation between tick infestation level and fawn mortality. 

Although not stated in the reports of other researchers (Bolte et al. 1970, 
Barker et al. 1973) it is evident from the present findings that young fawns 
may vary in susceptibility to similar numbers of ticks. This premise is most 
evident when reviewing the length of fawn survival in the different fawn 
treatments (Table 1) and the hematological data in Table 2. 
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Table 6. Composite of blood values in white-tailed deer fawns as 
influenced by treatment and age. 

Age of Fawns (Days) 

RBe Characteristic 10·12 14-16 17·19 21-24 26·27 29-30 33-34 35-3638-4041-44
 

ControlO
 
H-J Bodies O·Sb,c O-S O·S O·S O_Md O·M O-S O-S O·S 
Basophilic Stippling 0-8 O-S 0 O-S 0 0 O·S O-S O-S 0 
Anisocytosis O-P" O-P O-p O-p O-p O-p p P P P 
Poikilocytosis O·P O-p O-p O-p O-p O-p p p p p 
Polychromasia O-S O-M O-S O-S O-S O-S O-S O-S 0 0 

I. V. Group!" 
H-J Bodies S O-S O-Ng S 0 O-S S 0 S 
Basophilic Stippling S 0-8 S-M O-S 0 0 0-8 0 0 
Anisocytosis O-P P P P 0 P P P 0 
Poikilocytosis O-P P P P 0 P P P 0 
Polychromasia O-S O-S S 0-8 0 O·S 0 0 0 

Non-infected Ticks - High Infestation" 

H-J Bodies O-S O-S O-N 0 O-S 0' 
Basophilic Stippling O-M 0-8 O-M O-S 0 0 
Anisocytosis P P O-p P 0 0 
Poiki locytosis P P O-p P 0 0 
Polychromasia O-M O-S O-N O-M O-M 0 

Non·jnfected Ticks - Low Infestation) 
H-J Bodies 8 S S O-S 0 0 S 0 S 0 
Basophilic Stippling S S 0 0 0 0 0 0 0 0 
Anisocytosis O·P 0 O-p 0 0 0 O-p p P 0 
Poikilocytosis O-P 0 O-p O·p 0 0 O-p p P 0 
Polychromasia O-S O·S O-S S 0 0 S S M S 

Infected Ticks -High Infestation" 
H·J Bodies 8 O-S O·S 0·8 0-8 0 O-N M S 
Basophilic Stippling S 0 0 0-8 0-8 0 0-8 8 0 
Anisocytosis P O-p O-p P O-p 0 0 0 0 
Poikilocytosis P P O-p P O-p 0 0 0 0 
Polychromasia O-S 0 0 SoN O·S 0 M M 8 
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Table 6. Continued. 

Age of Fawns (Days) 

RBC Characteristic 10·12 14·16 17·19 21·24 26·27 29·30 33·3435·3638·4041·44 

Infected Ticks - Low Infestationk 

H-J Bodies O·S O·S O·S O·M O·S 0 S·M O·M O·N S·M 
Basophilic Stippling O·S 0 O·M O·S O·S 0 S·M S·M O·S O·M 
Anisocytosis P O·p P P P O·p O·P P P P 
Poikilocytosis P O·p P P P O·p P P P P 
Polychromasia o 0 P·N O·S S·N 0 M·N O·N M·S S·M 

a Sample size - range from 5 to Gfawns. 
b r:rythrocytic form not present. 
f Scanty (l celilype/GOO RBC). 
d Moderalc (2-4 celllypesfGOO RilG). 
t Cell type present. 
(Sample size - 3 fawns. 
K Numerous (5 or more celllypeHfGOO RBG). 
h Sample size - range from I to 3 fawns. 
j Terminal measurements due to death of fawn. 
j Sample size - range from 1 to 2 fawns. 
k Sample size - range from 2 to 3 fawns. 

Prior to the present experiment, the effects of theileriasis in white-tailed 
deer had been relatively undefined. In the present study, it would appear that 
the blood parasite (Theileria cervi) was not a significant factor in contributing 
to fawn mortality. This is supported by the findings presented in Table 1, which 
show the same number of fawn losses between the Theileria-infected tick 
treatments and non-infected tick treatments. In the IL treatment, one fawn 
died with a parasitemia level ofless than 1.0% while the surviving fawns of this 
group exhibited a parasitemia level of up to 15.0%. Barker et a!. (973) 
previously reported that a parasitemia of RBG's by Theileria of 10.0% in young 
fawns moderately parasitized by lone star ticks did not cause animal mortality. 

No fawn mortality or fawn activity change was noted in the fawns which 
received Theileria-infected blood. The parasitemia in this fawn group did not 
exceed 3.0% within the limits of these experiments. Comparable findings were 
also reported by Robinson et a1. (1967), in which young fawns were inoculated 
with Theileria-infected blood. The parasitemia level in these animals did not 
exceed 4.0% and no fawn mortality was obtained. 

In experiments conducted with Theileria-infected deer which have been 
splenectomized, the results seem to be more variable. While investigating T. 
cervi infections in Missouri white·tailed deer, Schaeffier (1962) described this 
intracellular blood organism as being highly pathogenic to deer. In his study all 
infected deer died. Comparable findings with Theileria-infected splenectomized 
deer were reported by Krier et a1. (1962). In contrast to these workers, Robinson 
et a1. (1967) reported one death in an experimental group of six fawns which 
had been splenectomized and inoculated with Theileria sp.-infected blood. 
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These findings tend to suggest that the pathogenicity of Theileria sp. which 
exists in the different geographical areas may vary in its ability to produce 
pathological symptoms and deer mortality. Futhermore, when comparing the 
percent of Theileria·infected RBC's of intact deer with that of splenectomized 
deer, it is evident that intact deel' are much more effective in maintaining a low 
blood parasite level. This was expected since the spleen is a major organ in an 
animal's defense system (Schalm 1970). 

From the results of Barker et al. (1973) and the present study (Table 3), 
there appears to be a discernible relationship between the number of infective 
ticks parasitizing a host and the percent of Theileria-infected red blood cells. It 
is plausible that this correlation may be predisposed by two principal factors: 
(1) an increased number of infective blood parasites being injected into an 
animal due to a larger number of infected, feeding ticks, or (2) the depression 
of an animal's physical stamina and defense system due to tick-associated 
factors (Van Volkenberg and Nicholson 1943, Neitz 1962) or (3) both. Therefore, 
if one assumes that a correlation of these factors does exist, it would seem 
logical that the specific effects of tick parasitism and theileriasis may act 
additively or in a synergistic manner in causing fawn mortality. 

The findings presented in Table 2 show that severe anemic conditions were 
developed in those fawns infested with high levels of Theileria-infected and 
non-infected ticks, while a subacute anemia was developed in the infested 
animals with low tick numbers. In the two high tick infestation treatments, the 
PCV, Hb and RBC were reduced below 65% of the initial blood measurements, 
while the same factors for the animals receiving low tick numbers were reduced 
to about half of their starting values. Similar hematological reductions of tick
infested fawns have also been reported by other investigators (Bolte et a1. 1970, 
Barker et al. 1973). The previously reported reduction in blood parameters may 
be due in part to exsanguination of fawns by ticks. In addition to the lowering 
of the PCV, Hb and RBC by blood removal, it has also been speculated that the 
hemopoietic system of an animal host may be suppressed due to toxic 
compounds received during tick feeding (Jellison and Kohls 1938, Springell et 
al. 1971). 

It has been established that ticks are capable of concentrating their blood 
meal by eliminating excess water, therefore allowing for a significant increase 
in the quantity of red blood cells that may be withdrawn from a host by tick 
parasitism (Lees 1946, Gregson 1967, Tatchell 1967, Seifert et al. 1968, Snow 
1970, Sauer and Hair 1972). It would therefore seem probable that the anemic 
condition existing in animals heavily infested with ticks is primarily the result 
of blood removal from the host. Supporting evidence of this premise is 
established when comparing the severity of animal blood loss and the number 
of feeding ticks. Those animals supporting the largest number of ticks 
demonstrated the greatest reduction of PCV, Hb and RBC (Bolte et aJ. 1970, 
Barker et aJ. 1973). 

Based on the RBC, Hb and PCV data presented in Table 2, it appears that 
the blood parasite was not a significant factor in the rate of RBC reduction. 
This belief is founded on the lack of discernible differences in these blood 
factors when comparing Theileria-infected treatments of similar tick infestation 
levels. Furthermore, a significant decline in PCV, Hb and RBC due to 



317 HAIR ct al.: Tick*Induced Fawn Mortality 

theileriasis was not observed in the group of fawns inoculated intravenously 
with Theileria sp.-infected blood. It appears that the primary cause of fawn 
mortality was due to major hematological reductions attributed to blood loss 
and induced toxicosis by lone star ticks. 

The morphological classification of the blood anemia shown by fawns in the 
tick-infested treatments was considered to be a normocytic normochromic 
anemia. This deduction was formulated by comparing the MCV and MCHC 
measurements of the tick-infested fawns with the same values obtained for the 
control fawns. Blood slides of the animals under study were examined in hopes 
that the erythrocytic cell forms present in the peripheral vascular circulation 
would provide a useful index in monitoring the fawn erythrocytic response. 
Based on the information presented in Table 6, the blood cellular forms of the 
different test groups did not show any major trends in contrast to the control 
fawns or within the treatment groups. The lack of an erythropoietic response to 
tick-induced blood losses in bovine was reported by O'Kelly et al. (1971). 

The following factors were considered to be possible explanations for the lack 
of a noticeable erythropoietic response to the anemic fawn conditions observed 
in the present study: 0) the death of the animals occurred before the 
erythropoietic system could respond to the blood loss, and/or (2) that the 
erythropoietic system was suppressed by undetermined tick-induced toxins. 
Due to the moderate variations obtained in the total leukocyte counts (Table 2) 
and leukocyte differentials (Table 5), the results did not indicate an appreciable 
difference between or within treatment groups. In contrast to these findings, 
O'Kelly et al. (1971) reported a significant elevation in tick-infested cattle of the 
lymphocytes and eosinophils and a decline of neutrophils. 

Fawn weight losses and the suppression of fawn weight gains (Table 4) seem 
to be directly correlated with the number of feeding ticks and unrelated to the 
presence of the infective blood parasite. These findings are somewhat in 
contrast with the results of other workers (Barker et al. 1973) who have 
monitored weight development of young deer infested with lone star ticks. 
Although these workers observed suppressed weight development in fawns 
infested with lone star ticks, they did not note a definite correlation between 
fawn weights and tick infestation level. 

Depressions of weight gains have also been observed in cattle following 
heavy infestations with the southern cattle tick (Boophilus microplus 
lCanestrini j) (Francis 1960, Little 1963, and Johnston and Haydock 1969). 
Other investigators (O'Kelly and Seifert 1970) suggested thal tick toxins may 
suppress an animal's metabolic functions, thus resulting in reduced weight 
gains. Another important factor to consider in fawn weight development is 
reduced food intake (Seebeck et al. 1971). In lhe presenl study, it was thought 
that a combination of these factors was the cause of reduced fawn weight. 
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ABSTRACT Host resistance to lone star ticks, Amblyomma americanuln
 
(L.), was developed in Hereford (Bas taurus) and Braford (F l' 1/2 B. la,urw; X
 
B. ifldicus) crossbred heifers through artificial infeslation of adult ticks. The 
feeding success of known numbers of larvae, nymphs and adults was 
determined. Significantly fewer larval, nymphal or female ticks successfully 
attached or fed on resistant Braford than successfully attached or fed on 
resistant Hereford. A cumulative estimate of the effect of host resistance on 
tick feeding performance and survival was calculated by multiplying the 
proportion of each stage successfully feeding and surviving to the next stage. 
The estimated cumulative survival of lone star ticks ranged from 0.01 to 
0.44% for ticks fed on Braford. and from 0.5 to 4.3% for ticks fed on Hereford. 
Resistant Braford had a greater cumulative effect on the feeding 
per[o"mancc and survival of lone star ticks than did resistant Hereford. 

KEY WORDS Amblyomma americollum, Acari, Ixodidae, host resistance. 
survival, host-parasite interaction, Hereford, Braford. 

In the United States, host resistance to the lone star tick, Am.blyomma 
wnericanwn (L.), in different breeds of cattle has been extensively studied 
(Strother et al. 1974, Garris et al. 1979, Garris and Hair 1980, George et al. 
1985), but this technology has not been used to develop livestock production 
strategies which minimize economic losses due to ticks (Ervin et a1. 1987). In 
Australia, selection for host resistance in different breeds of cattle to Boophilus 
m.icroplus (Canestrini) has been effectively used to supplement chemical control 
(Franklin et al. 1976, Utech et al. 1978a,b) and as the central control strategy in 
computer models that establish a framework for integrated control of these 
ticks on cattle (Norton et al. 1983). 
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Garris and Hair (1980) suggested that a net reduction in population density 
from 50 to 75% of lone star tick on cattle in woodlot pasture in eastern 
Oklahoma could be achieved through the use of Bos indicus crossbred cattle. 
However, additional information on the effect of host resistance in breeds of 
cattle, and on the feeding performance and survival of ticks is needed to provide 
adequate and more reliable data for use in the construction of computer models 
and development of tick management strategies which include economic 
constraints (Byford 1985, Ervin et al. 1987). 

This paper presents results of research to determine the effect of host 
resistance of Hereford (B. taurus) and Braford (Fl. 1/2 B. taurus X 1/2 B. il1dicus) 
heifers on the feeding performance and survival of larvae, nymphs and females 
of A americanum under quasi-laboratory conditions. In addition, it was the 
purpose of this research to attempt to develop by artificial infestation a level of 
host resistance observed in heifers ranged on naturally infested woodlot 
pastures (Garris and Hair 1980). 

Materials and Methods 

Experimental Animals. Seven Hereford heifers and seven Braford heifers 
were weighed, held in drylot, and fed, free choice, a standard ration to achieve 
an average daily gain of 0.68 kg (Williams et al. 1977). The Hereford and 
Braford heifers weighed an average of approximately 205 and 232 kg, 
respectively. To develop host resistance, four heifers of each breed were infested 
with 5,000 adult ticks per week for a 9-wk period. The four animals of each 
breed that were exposed to the large number of adult ticks were designated the 
treatment group. Three heifers of each breed were not treated with the 5,000 
adult ticks per week but were used as controls. Each control animal was 
infested only once during the study with known numbers of ticks as described 
below. Fresh water and the standard ration was available ad libitum to all 
animals throughout the study. 

The purebred Hereford heifers were purchased at auction in the Stillwater, 
Oklahoma area and the purebred Braford heifers were purchased at auction in 
northeast Louisiana. After a 2-wk acclimation period in drylot, five animals of 
each breed, four treated and one control, were weighed and placed in specially 
constructed individual stalls containing head stanchions. At the end of the 
experiment, the animals remaining in stanchion were removed, weighed, 
treated with toxaphene to remove attached male ticks, and returned to dry lot. 

Ticks. The large number of adult ticks needed for treating the test animals 
to attempt to artificially induce host resistance was produced from an initial 
group of adult ticks of the same generation from colony ticks routinely maintained 
in the laboratory at Oklahoma State University. The colony was established from 
ticks collected from the Cookson, Oklahoma, area in 1970 (J. A. H., unpublished 
data). The initial adult ticks were reared on sheep and their resultant larvae were 
mass reared on rabbits using techniques described by Patrick and Hair (1975) for 
both adult and larval ticks, respectively. Organdy cloth (60 mesh) cells similar to 
those described for adult ticks (Patrick and Hair 1975) were attached to sheep 
and used to mass rear nymphal ticks. All fed ticks except fed nymphs were held 
in the laboratory in environmental rearing chambers at 27 ± 2°C, 90-98% RH, 



323 GARRIS and HAIR: Resistance to Lone Star Ticks in Cattle 

and 14:10 L:D photoperiod until molting or egg hatch occurred. Fed nymphs 
were held in a separate rearing chamber at 27 ± 2·C, 90-98% RH, and 14:10 
L:D photoperiod until molted, and the resultant flat adult ticks were 
maintained in the same chamber until needed for bovine infestation. 

Development of host resistance. To develop host resistance, four 
animals of each breed (treatment group) were placed in head stanchions, and 
after a 1-wk acclimation period, each animal of each breed was infested with 
5,000 adult ticks on the first day of each week for a 9-wk period. The large 
number of ticks (5,000 adults per week) was used so as to obtain a level of 
infestation of lone star ticks in the laboratory as was observed on cattle on 
pasture in eastern Oklahoma (Garris and Hair 1980). Each treated animal was 
infested with the adult ticks by placing the ticks along the backline of the 
stanchioned animals. At weekly intervals, counts were made to determine the 
number of treatment ticks attaching to the stanchioned animals. Host 
resistance was determined as outlined by Wagland (1978). 

One animal of each breed (control) was infested with known numbers of 
ticks as described below only during the challenge tick infestations (CTI). A 
new previously uninfested animal of each breed was used for each of the three 
challenge tick infestations (CTl). There were a total of three animals of each 
breed designated as control animals which did not receive the 5,000 adult tick 
treatment regime. These control animals should not have developed host 
resistance. 

Challenge tick infestation. The effect of host resistance as manifested in 
the laboratory on the feeding performance and survival of larvae, nymphs and 
female ticks was determined from observations on the success of the 
infestation of treated and control animals with challenge ticks. Each treatment 
and control animal was infested with known numbers of ticks at each of three 
challenge infestations (CTl) at 3, 6 and 9 weeks during tbe study. 

The CTl were carried out by attaching organdy cloth cells (modified from 
Patrick and Hair 1975) to an area of about 6 cm in diam on each of the treated 
and control heifers with contact cement. Care was taken not to place new 
organdy cloth cells over old ones or over attachment sites of other CTI ticks. 
Two hundred larvae and 100 nymphs were placed in separate organdy cloth 
cells on each animal at each CTI. Observations were made on the number of 
larvae and nymphs attached and feeding at 2-3 d post-challenge tick 
infestation. 

Cloth stockinette used to confine adult ticks (Patrick and Hair 1975) was 
placed on an area of about 8 cm in diam on each animal at each CTI. Sixty 
adults, 30 males and 30 females, were placed in each cell on each treated and 
control heifer and the number attached and feeding 5-7 d post-challenge 
infestation was recorded. 

After detachment of ticks in cells began, larvae, nymphs and females were 
collected every 24 h, individually weighed on a Voland® analytical balance 
accurate to the nearest 0.1 ~g and randomly separated into two groups. For 
each CTI, ticks allocated to group one were placed in the same environmental 
rearing chamber at 27 ± 2·C, 90-98% RH, and 14:10 L:D photoperiod and held 
to determine egg mass weight, percent hatch of eggs and percent molt of 
immature ticks. Percent hatch was determined by counting the number of eggs 
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hatched and dividing by the total number of eggs counted in five random 
subsamples of about 0,01 g from each egg mass. The second group of ticks 
collected was used to determine the equivalent volume in microliters of blood 
imbibed. Because few larvae were collected from Braford, no determinations of 
blood ingested by larvae were made. The proportion of hemoglobin or other 
hemoprotein ingested by each female or nymph was determined by comparing 
the optical densities of homogenized ticks in a mixture of NaOH, pyridine, and 
Na2S202 to whole blood samples periodically drawn from the experimental 
cattle (Sutton and Arthur 1962, Sauer and Hair 1972, Koch et al. 1974). 

The percentage of challenge ticks surviving from larvae to nymphs to adults 
was calculated by the following formulas: 

1) Percentage of live larvae produced from successfully engorged females = 
[(a/30) X b X c]100; 

2) Percentage survival of nymphs = [(a/100) X c]lOO; 
3) Percentage survival of larvae = [(a/200) X c]100; 

where (a) = the number of females, larvae or nymphs detaching, divided by the 
original number of females (30), larvae (200) or nymphs (100) used to infest 
each animal at each challenge; (b) = mean weight of eggs per female (g); and (c) 
= the proportion of egg hatch per female or the proportion of larvae or nymphs 
successfully ecdyzing. Since the production of live larvae is a primary goal of 
female ticks, the percentage of live larvae as described above was used to 
estimate the survival of challenge female ticks fed on resistant host. A 
cumulative survival (CS) was estimated by multiplying the proportion of ticks 
surviving from stage to stage for each breed and for each CTI. 

Statistical Analysis. This study was designed as a randomized split-plot with 
heifers of both breeds serving as main units and CTI as subunits. Analysis of 
variance (SAS Institute 1988) was used to determine differences between breeds 
and CTI. Because animals in each breed in the control groups were not exposed to 
ticks except during the CTI, data from each of the three CTI for each factor were 
pooled and the pooled data used in tests for differences between treated and 
control animals within and between breeds of cattle. Differences between the 
animals treated with 5,000 ticks (treatment group) and those animals of each 
breed receiving only challenge ticks (control group) were compared using Student's 
I-test lor unequal sample sizes (Steel and Torrie 1960). For both ANOVA and 
Student's t-tests, differences at the 5% level were considered significant. 

Results and Discussion 

Development of host resistance. The mean number of attached adult female 
ticks which resulted from treatment infestation with 5,000 adult ticks per bovine 
host per week are presented in Table 1. Wagland (1978) observed that cattle 
experience three phases of reaction to tick infestation dwing the development of host 
resistance. In phase 1, cattle are fully susceptible to tick infestation. This phase is 
usually characterized by an increase in tick numbers on cattle. In phase II, the 
animal has acquired immunity and is actively rejecting ticks. During this phase, 
there is a sudden drop in numbers of ticks on the animals and tick engorgement 
weights are lower (Strother et al. 1974, Garris and Hair 1980). The manifestation 
of resistance may be quite variable and in some animals, this level may 
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Table 1. Mean number of female lone star ticks attached to one side of 
Braford (Bas taurus X Bos indicus) and Hereford (Bas taurus) 
heifers artificially infested with 5,000 adult ticks weekly for a 
9-wk period.a 

Mean number of adult female ticks (SE) 

Date Examined Braford Hereford 

2 June 
10 June 
17 June 
24 June 
2 July 

11 July 
16 July 
23 July 

1 August 

45 (22) 
63 (41) 
61 (22) 
55 (32) 

138 (68) 
113 (40) 
56 (22) 
78 (42) 
30 (15) 

71 (12) 
165 (99) 
267 (10) 
178 (58) 
609 (111) 
563 (114) 
311 (17) 
509 (64) 
132 (6) 

tJ There WCI'"(! four heifcrs of e:lch breed. Both nal and engorging fcmnlcs were counted. 

stabilize (phase III) to a point where numbers of ticks on an animal vary above 
and below a mean (Wagland 1978). 

Following the outline suggested by Wagland (1978), it appears that the 
weekly treatment infestation with 5,000 adult ticks in this study resulted in a 
level of host resistance which was expressed by both breeds (Table 1). There 
was an increase in numbers of female ticks, both flat and engorging, attached to 
Hereford (Table 1) from the first week of infestation until week 3 (Phase 1, 
Wagland 1978), when during week 4 of the study, there was a decrease in 
numbers of females attached (Phase II). However at 5 wk, there was an 
increase in the number of ticks attached to the Hereford, about three times 
more female ticks than the previous week. This increase in the number of ticks 
attached may have been caused from a loss in host resistance to tick infestation 
in the Hereford. Brown et aJ. (1984) found that Holstein cattle infested with 
lone star ticks for a third time appeared to be desensitized, and ticks collected 
from these animals exhibited normal values for engorged weight and survival 
as measured in their study. Wikel (1984) found that tick-induced host 
resistance can be lost due to an overdose of antigen to the host's immune 
system which could facilitate the obtaining of a blood meal by the parasite. 
Under field conditions, the host's immune system may become overwhelmed by 
large numbers of feeding ticks which could result in either increased numbers 
of fed ticks or in ticks which are heavier in weight. Garris and Hair (1980) 
observed that the engorged weight of ticks collected from hosts ranged on 
woodlot pasture in eastern Oklahoma gradually decreased, but near the end of 
the study, ticks were heavier in weight. The heaver ticks produced more eggs 
which had normal hatch. 
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A similar pattern of numbers of female ticks attached was observed on the 
Braford heifers (Table 1). There was an increase in numbers attached to the 
treated Braford by the second week of tick infestation but this increase was not 
as dramatic as the increase which occurred with Hereford. There was also an 
increase in numbers of female ticks attached at 5 wk which rapidly decreased to 
a level which was below what was observed on the treated Braford at 1 wk. As 
measured by the small number of female ticks attached to the treated Braford, 
a high level of host resistance was developed. When compared to Braford, 
Hereford carried 77% more ticks. 

Adult female tick attachment success under normal field conditions in 
Oklahoma is reduced during the summer months of June to August (Semtner 
and Hair 1973, Garris and Hair 1980, Barnard 1988). Because attachment 
success of treatment adult female ticks increased during a period of the year 
when one would expect adult female tick numbers on cattle to decrease (Garris 
et al. 1979, Garris and Hair 1980), it was reasonable to assume that the pattern 
of increasing and decreasing tick attachment (Table 1) was due to the 
development of host resistance in the treatment animals and not caused from 
seasonal effects of temperature and photoperiod. 

Challenge tick infestation. The survival of challenge larvae of the lone 
star tick on resistant Hereford and Braford heifers is summarized in Table 2. 
There were significant differences (P < 0.01, F-test) between breeds for 
engorgement success of larvae confined in cells. Of the larvae placed in cells, on 
Braford heifers, averaging the three CTI, 24.5 were attached at 2-3 d post
challenge infestation and 12.5 engorged, as compared to 100.1 attached and 
67.7 engorged on Hereford. No significant differences were found between 
breeds for length of the engorgement period, percentage molt, or engorgement 
weight of larvae. There were significant difTerences (P < 0.05, F-test) in the 
length of the engorgement period between the three CT1, with larvae taking 
less time to engorge during the third CTI than during the first and second. 

Fewer nymphs successfully fed to engorgement on Braford than on Hereford 
(Table 3). Averaging the three CTI, 80.0 nymphs placed in cells on Herefords 
attached at 2-3 d post-challenge infestation and 68.9 engorged, as compared to 
48.4 attaching and 32.0 engorging on Braford. Nymphs that fed on Braford 
during the third CTI took less time to engorge than on Hereford, but this 
difference was not significant (P > 0.10, F-test). No significant differences were 
found between breeds for length of the engorgement period. The percentage 
molt of nymphs recovered from Braford was significantly (P < 0.05, F-test) 
greater than that for nymphs from Hereford. 

No significant differences (P < 0.10, F-test) between breeds were found for the 
mean number of females attached, engorgement period, or percentage egg hatch 
(Table 4). However by the third CTI, females took less time to engorge, a mean of 
10 d for both breeds. There were significant difTerences (P < 0.01, F-test) between 
breeds for the number of females detaching, the percentage females engorging, 
engorgement weight, and weight of the egg mass. The percentage of females 
engorging, averaging the three CT!, on Hereford was 93.3 as compared to 43.3% 
engorging on Brarord. Averaging over the three CTI, females engorging on Hereford 
averaged 427.3 mg and laid an average of 239.5 mg of eggs, while females 
engorging on Braford averaged 300.3 mg and laid an average of 158.7 mg of eggs. 



Table 2. Mean values of measured biological factors associated with the feeding performance and survival of 
larvae of Amblyomma americanum on resistant Hereford (Bos taurus) and Braford (B. taurus X B. 
indicus crossbred) heifers. 

Biological Factors 
Mean + SEa 

Challenge Tick 
Infestationb 

No. 
AttachedC 

No. 
Detaching 

Percent 
Engorgement 

Engorgement 
Periodd 

Engorgement 
Wt. (mg) 

Percent 
Molt 

First 
Hereford 
Braford 

Second 
Hereford 
Braford 

Third 
Hereford 
Braford 

97.4 ± 25 "'* 
10.2 ± 8 

55.8 ± 12 
**23.0 ± 11 

147.0i27 
**40.4 ± 13 

64.0 ± 24 
**4.0 ± 4 

20.0 ± 11 
**3.5 ± 3 

119.5 ± 59 
**30.0 ± 22 

32.0 ± 13 
**2.0± 2 

10.0 ± 5 
**2.0 ± 2 

59.8 ± 20 
**15.0 ± 10 

4.0 ± 0.2 
4.0 ± 0.4 

4.0 ± 0.4 
4.0 ± 0.5 

3.0 ± 0.2 
3.0 ± 0.3 

1.02 ± 0.20 
1.03 ± 0.40 

0.82 ± 0.60 ** 
0.44 ± 0.20 

0.79 ± 0.30 
0.88 ± 0.10 

91.2± 3.0 
84.4 ± 10.0 

82.7 ± 8.0 
55.0± 5.0 

65.5± 7.0 
74.9 ± 8.0 

Combined 
(Ist, 2nd, 3rd) 
Hereford 
Braford 

100.1 ± 21 
24.5 ± 11 ** 

67.7 ± 31 
12.5 ± 10 ** 

33.9 ± 13 
6.3 ± 5 ** 

3.7 ± 0.3 
3.7 ± 0.4 

0.88 ± 0.40 
0.78 ± 0.20 

79.8 ± 
71.4 ± 

6.0 
8.0 

ControlC 

Hereford 
Braford 

119.0 ± 18 ., 
36.0 ± 15 '.' 

85.0 ± 12 , 
36.0 ± 15 

42.5 ± 
18.0 ± 

13 ,
9 

4.3 ± 0.2 
4.3 ± 0.3 

1.20 ± 0.30 
1.20 ± 0.50 

75.0 ± 14.0 
63.0 ± 13.0 

Q A· or" adjacent to a pair of means indicates a significant difference between breeds for each challenge tick infestation at P < 0.05 and P < 0.01, respectively. 
ANOVA, F-test, see text fur explanation. The absence of asterisks indicates that breed differences were nut significant. 

/>	 To develop host resistance, treated animals, four of each breed, were infested with 5,000 adult ticks weekly for 9 wk. Three. six and nine weeks after weekly 
infestations began, each treated animal was alsu infested with challenge ticks. Each C'1'1 at 3. 6 and 9 wk was dune by infestation with known numbers of tick II, 

200 lnrvae, 100 nymphs, 30 males and 30 females. 
c Attached ticks were defined as attached if mouth parts were finnly attached to the skin at days 2 to 3 for larvae and nymphs and at days 5 w7 for females post CTI. 
d	 There were significant differences (P < 0.05, F-test) within breeds of cuttle over CTI for lengths of the engorgement period with larvae taking lcss time to feed 

during the third CTI than the first and liccond CTI. 
£	 Control animals did not receive 5,000 adults per week, but were only infested one time with challenge ticks. A new animal of each breed which had not 

previously been infested was used at each new challenge. For presentatiun. data for control animals over all chullenges were pooled. 



Table 3.	 Mean values of measured biological factors associated with the feeding performance and survival of 
nymphs of Amblyomma americanum on resistant Hereford (Bas taurus) and Braford (B. taurus X B. 
indicus crossbred) heifers. 

Biological Factors 
Mean + SEa 

Challenge Tick 
Infestatlonb No. 

AttachedC 

No. 
Detaching 

Percent 
Engorgement 

Engorgcment 
Pcriodd 

Engorgement 
Wt. (mg) 

Percent 
Molt 

First 
Hereford 
Brarord 

Second 
Hereford 
Braford 

Third 
Hereford 
Braford 

~:~; ~~. 

~~:~ ~ ~~ * 
74.0 ± 21 
53.8 ± 15 * 

68.0 ± 5 
21.5±10· 

74.0 ± 2 
25.7± 13· 

64.7 ± 6 
48.7 ± 10 * 

68.0± 5.0 
21.5 ± 10.0 

74.0 ± 2.0 
25.7 ± 13.0 

64.7 ± 6.0 
48.7 ± 10.0 

4.0± 0.1 
4.0 ± 0.2 

5.0 ± 0.5 
5.0 ± 0.4 

5.0 ± 0.2 
4.0 ± 0.3 

8.5 ± 0.5 
8.6 ± 1.6 

8.9 ± 0.3 
6.8 ± 0.5 * 

7.7 ± 0.3 
7.6 ± 0.4 

60.4 ± 7.0 
74.7 ± 8.0 

58.6 ± 10.0 
92.4 ± 4.0 

77.5 ± 7.0 
90.2± 4.0 

'" > 
~. 
p 

'"= 5" 
3 
~ 

~ Combined 
(lst, 2nd, 3rdl 
Hereford 
Braford 

80.0 ± 21 
48.4 ± 22 * 

68.9 ± 4 
32.0 ± 11 • 

68.9 ± 4.0 
32.0 ± 11.0 

4.7 ± 0.3 
4.3 ± 0.3 

8.4 ± 0.4 
7.7 ± 0.8 

65.5 ± 
85.8± 

8.0 
5.0 

.'" 
Z 
? ... 

Control 
Hereford 
Braford 

87.0 ± 10 
71.0 ± 15 

71.0 ± 16 
54.0 ± 11 

71.0 ± 16.0 
54.0 ± 11.0 

4.7 ± 0.6 
4.8 ± 0.7 

9.3 ± 0.8 
8.3 ± 0.7 

66.0± 9.0 
65.0 ± 11.0 

;::: 
'" '"~ 

llA· or·. adjacent to a pair of means indicates a significant difference between breeds for euch challenge tick infestation at P < 0.05 and P <; 0.01, respectively, 
ANOVA, F-test, see text. for explanation. The absence of ustcrisks indicates that breed differences were not sib'llilicant. 

bTo develop host resistance, trcuted animals, four of each bn:cd, were infested with 5,000 adult ticks weekly for 9 wk. Three, six and nine eeks after weekly 
infestations began, each treated animal was also infested with challenge ticks. Each CTJ at. 3, 6 and 9 wk was done by infestation with kno n numbers of ticks, 
200 larvae, 100 n)'mphs, 30 males and 30 femtlles. 

e Att1.lched ticks were delined us attached if mouth parts were lirmly attached to the skin at days 2 to 3 for larvae and nymphs and at days 5 to 7 for females post CTI. 
dControl animals did not receive 5,000 adults per week, but were only infested one time with challenge ticks. A new animal of each breed which had not previously 

been infested was used at each new challenge. For preRentation, d1.lta for control animals over ull challenges were pooled. 



Table 4.	 Mean values of measured biological factors associated with the feeding performance and survival of 
females of Amblyomma americanum on resistant Hereford (Bos taurus) and Braford (B. taurus X B. 
indicus crossbred) heifers. 

Biological Factors
 
Mean± SEa
 

Challenge Tick No. No. Percent Engorgement Engorgement Egg Mass Percent
 
Infestationb AttachedC Detaching Engorgement Periodd Wt. (mg) Wt.(mg) Egg Hatch
 

First 
Hereford 26.5 ± 6.0 25.8 ± 4.0 86.0 ± 4.0 12.2 ± 0.8 194.3 ± 12.0 ** 56.3 ± 4.0 
Braford 21.0± 9.0 7.5 ± 3.0 ** 25.0 ± 7.0 ** 11.3 ± 0.6 ~~~.~ ; ~~.~ .. 118.2 ± 22.0 58.5 ± 6.0 

Second 
Hereford 28.8 ± 11.0 28.5 ± 3.0 95.0± 3.0 11.2 ± 0.3 441.7 ± 13.0 ** 255.8 ± 11.0 49.6 ± 3.0 
Braford 23.5 ± 13.0 17.8 ± 9.0 ** 59.3 ± 9.0 ** 10.4 ± 0.3 296.5 ± 18.0 152.6 ± 13.0 ** 49.1 ± 3.0 

Third 
Hereford 29.9 ± 9.0 29.8 ± 7.0 99.3 ± 7.0 10.3 ± 0.2 268.4 ± 12.0 72.3 ± 3.0 
Braford 23.3 ± 6.0 13.8 ± 2.0 ** 46.0± 6.0 ** 10.0 ± 0.4 ~~~:~ ; ~~:~ ** 205.2 ± 20.0 ** 65.0± 6.0 

Combined 
(1st, 2nd, 3rdl 
Hereford 28.4 ± 8.0 28.0 ± 5.0 93.3 ± 5.0 11.2 ± 0.4 427.3 ± 14.0 ** 239.5 ± 12.0 59.4 ± 3.0 
Braford 22.6 ± 9.0 13.0 ± 6.0 ** 43.3 ± 9.0 ** 10.6 ± 0.4 300.3 ± 23.0 158.7 ± 18.0 ** 57.5 ± 5.0 

Controld 
Hereford 26.7 ± 3.0 21.0 ± 8.0 70.0 ± 11.0 12.0 ± 0.6 395.0 ± 89.0 186.0 ± 45.0 56.0 ± 13.0 
Braford 21.0 ± 10.0 10.7 ± 6.0 35.6 ± 16.0 11.0 ± 0.5 326.0 ± 48.0 162.0 ± 29.0 67.3 ± 18.0 

"A* or ** adjacent. to a pair of means indicates a significant difference bet.ween breeds for each challenge tick infestat.ion at P < 0.05 and P < 0.01, respectively, 
ANOVA, F-test, see text for explanat.ion. The absence of asterisks indicates t.hat breed differences were not significant. 

bTo develop host resistance, treated animals, four of each breed, were infested with 5,000 adult ticks weekly for 9 wk. Three, six and nine weeks after weekly 
infestations began, each treated animal was also infested with challenge ticks. Each CTI at 3, 6 and 9 wk was done by infestation with known numbers of ticks, 
200 larvae, 100 nymphs, 30 males and 30 females. 

r Attached ticks were defined as att.."lchcd if mouth parL" were finnly attached to the skin at days 2 to 3 for larvae and nymphs and at days 5 to 7 for females post C'I'l. 
aControl animals did not receive 5,000 adults per week, but were only infested one time with challenge ticks. A new animal of each breed which had not previously 

been infested was used at each new challenge. For presentation, data for control animals over all challenges were pooled. 

w 

'" '" 
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Over all three CTI, the volume of blood imbibed by nymphs was not 
significantly different (P > 0.10, F-test) between breeds of cattle (Table 5). 
However during the second CTI, significantly (P < 0.05, F-test) less blood was 
imbibed by nymphs which had fed on Braford than nymphs which had fed on 
Hereford. Similarly, the volume of blood imbibed by females engorging on 
Hereford was significantly (P < 0.05, F-test) greater than blood meals imbibed by 
females fed on Braford during the second and third CTI, but not the first. 

Within breeds, there were significant differences (P < 0.05, F-test) between CTI 
for both the volume of blood imbibed by nymphs and females. The volume of blood 
imbibed by nymphs was significantly reduced during the second CTI for both 
breeds but by the third CTI, the blood imbibed by nymphs had increased to about 
two and five times as much for Hereford and Braford. respectively (Table 5). For 
engorging females fed on Hereford, the volume of blood imbibed significantly (P 
< 0.05, F-test) increased ave)' the three CTI. The increased amount of blood 
imbibed by the challenge ticks further indicate a possible loss of lone star tick
induced host resistance which may have been caused from an overdose of tick 
antigen. A significantly (P < 0.05, t-test, Table 6) greater volume of blood was 
measured in the engorging females which had fed on treatment Hereford during 
both the second and third CTI than was found in engorged females which had 
been fed on untreated control Hereford. Significantly (P < 0.05, t-test, Table 6) 
more blood was found in engorged females which had been fed on the untreated 
control Braford than was found in engorged females fed on the treated Braford 
during the second CTI. 

The percentage cumulative survival (CS) oflone star ticks which had been fed 
on treated and control heifers ranged from 0.5 to 4.3 for Hereford and from 0.01 
to 0.44% for Braford, respectively (Table 7). Significantly (P < 0.05, F-test) fewer 
larvae survived when fed on treated Hereford during the second CTr than 
during the first or third CTI. For Braford, larval survival was greatest during 
the third CTI. 

Over all three CTr, there were no significant differences (P > 0.10, t-test, Table 
6) for survival of nymphs between those nymphs which had fed on treated and 
control Hereford. The percentage survival for nymphs which had been fed on 
treated Braford increased from the first to the third CTI (Table 7), but this increase 
was not significant (P > 0.10, F-test). There was no significant difference (P > 0.10, 
t-test, Table 6) between the percentage of nymphs surviving which had been fed on 
control Brarord and those which had been fed on treated Braford during the second 
and third CTI. There was a significant difference (P < 0.05, t-test, Table 6) between 
the percentage of nymphs surviving after being fed on treated Braford during the 
first CTI and those whicb had fed on the control animals. 

The pattern of the percentage of female ticks surviving on the two breeds and 
during the three CTI is presented in Table 7. No differences (P > 0.10, I-test, 
Table 6) were found within breeds of cattle for survival of females which had 
been fed on control and treated Hereford for the first and second CTI and 
between control and treated Braford for the second and third CTI. There were 
significant differences (P < 0.05, t-test, Table 6) between the percentage of 
females surviving which had been fed on control Braford and treated Braford 
during the first CTI and between the control and treated Hereford during the 
third CTI. 
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Table 5.	 Mean equivalent volume of blood imbibed by nymphs and 
adult female Amblyomma americanum ticks fed on resistant 
Hereford (Bas taurus) and Braford (B. taurus X B. indicu8 
crossbred) heifers. 

Mean equivalent blood volume imbibed (microliters) ± SEa 

Challenge Tick 
Infestationb Engorged Nymphs (N) Engorged Females (N) 

First 
Hereford 
Braford 

Secondc 

Hereford 
Braford 

Third 
Hereford 
Braford 

Combined 
(1st. 2nd. 3rd) 
Hereford 
Braford 

Controld 

Hereford 
Braford 

14.6 ± 0.2 (64) 
17.0 ± 0.2 (35) 

4.9 ± 0.4 (49). 
2.2 ± 0.3 (17) 

9.1 ± 0.4 (53) 
10.8 ± 0.3 (36) 

9.5 ± 0.3 (166) 
10.0 ± 0.3 (88) 

8.6 ± 0.3 (33) 
7.4 ± 0.3 (30) 

362.0 ± 16.4 (21) 
355.0 ± 129.9 (6) 

548.0 ± 11.0 (20) * 
318.0 ± 74.3 (14) 

614.0 ± 155.0 (11) * 
454.0 ± 90.0 (18) 

508.0 ± 60.8 (52) 
376.0 ± 98.1 (38) 

418.0 ± 113.1 (11) 
569.0 ± 205.7 (5) 

" A ... or ... * adjacent to a pair of means indicates a significnnt difference between breeds for each 
challenge tick infestation at P < 0.05 and P < 0.01, respectively, ANOVA, F-test; see text for 
explanation. The absence of asterisks indicates that breed differences were not significant. 

b To develop host resistance, treated animals, four of each breed, were infested with 5,000 adult ticks 
weekly for 9 wk. Three, six and nine weeks al1.er weekly infestations began, each treated animal was 
also infested with challenge ticks. Each C'rI at 3, 6 and 9 wk was done by infestation with known 
numbers of ticks, 200 larvae, 100 nymphs, 30 males and 30 females. 

~ Within breeds, significantly (P < 0.05, F-tcstl lCE;s blood was imbibed by nymphs during the second 
CTI than during the first and third. Within breeds for engorged females, the volume of blood imbibed 
significantly (P < 0.05, F~test) increased over the three CTI, sec text for explanation. 

d	 Control animals did not receive 5,000 adults per week, but were only infested one time with 
challenge ticks. A new animal of each breed which had not previously been infested was used at each 
new challenge. For presentation, data for control animals over all challenges were pooled. 



Table 6. Statistical comparisonsO using Student's t-test for unequal sample sizes between treatedb and controle '" '" Hereford (B08 taurus) and Braford (H. taurus X H. indicu8 crossbred) heifers for indicated biological '" 
factors measured for larvae, nymphs and adult females of Amblyomma americanum ticks. 

Challenge Tick Infestation 

Biological 
First Second Third 

Factors Hereford Braford Hereford Braford Hereford Braford ,.. 
LARVAE 

No. Attachedd • NS NS NS • • 
>
'",. 0-

No. Detaching 

Percent Engorgement 
• 

.... 
• • • • • '" "8" 

3 
Engorgement Period (days) 
Engorgement Wt. (mg) 

NS 
• 

NS 
• 

NS 
• 

NS 
• 

NS 
• 

NS 
• 

2

< 
~ 

Percent Molt NS NS NS NS NS NS -'" 
Percent Survival{ NS • * • NS NS Z 

~ 

NYMPHS 
No. AttachedC 

No. Detaching 
• 
• 

• 
• 

• 
• 

• 
• 

* 
* 

• 
• 

... 
,:; 
'" '"!:> 

Percent Engorgement NS 
Engorgement Period (days) NS NS NS NS NS 
Volume of blood imbibed (JiI) NS NS NS NS NS NS 
Engorgement wt. (mg) • NS • NS • • 
Percent Molt • • • NS • * 
Percent Survival{ NS • NS NS NS NS 



Table 6. Continued. 

Challenge Tick Infestation 

First Second Third 

Biological Hereford Braford Hereford Braford Hereford Braford 
Factors 

FEMALES 
No. AttachedC NS • NS NS NS NS 
No. Detaching NS NS • NS • • 
Percent Engorgement 

Engorgement Period (days) NS NS NS NS NS NS 
Volume of blood imbibed (Ill) • • • NS NS 
Engorgement wt. (mg) • • • • • • 
Egg Mass Weight (mg) NS NS • • NS • 
Percent Egg Hatch • • • • • • 
Percent Survivalf NS • NS NS • NS 
a Statistical comparisons of treated to control animals with'" were significnnt at P < 0.05. t-lest. NS =not significant. 
b To develop host resistance, treated animals. four of each breed, were infested with 5,000 adult ticks weekly for 9 wk. Three, six and nine weeks after infestation 

with 5.000 adult ticks weekly for 9 wk. Three. six and nine weeks after infestations with 5,000 ticks began. each treated animal was also infested with challenge 
ticks. Each challenge tick infestation at 3, 6, and 9 wk was done by infestation ~;th known number of ticks, 200 larvae. 100 nymphs, 30 males and 30 females. 

~ Control animals did not receive 5,000 adults per week, but. were only infested one time with challenge ticks. A new animal of each breed which had not previously 
been infested was used at each new challenge. For presentation. data for control animals over all challenges were pooled. 

d Attached ticks were defined as attached if mouthparts firn:t1y attached to skin at days 2 to 3 for larvae and nymphs and at days 5 to 7 for females post challenge 
tick infest.atioD. 

t (_) Not determined. 
{See text for definition of how percentage surviving each stage wa.s calculated. 
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Table 7. Percentage of Amblyomma americanum surviving to the next 
stage after being fed on resistant Hereford (Bos taurus) and 
Braford (B. taurUB X B. indicus crossbred) heifersa • 

Mean Percent Survival ± SEb 

Challenge Tick 

InfestationC Larvae Nymphs Females csd 

First 

Hereford 29.9 ± 12.6 41.0± 17.5 14.5 ± 4.5 1.80 .. 
Braford 1.7 ± 0.7 I6.0f 8.5 4.4 ± 1.9 0.01 

Second!: 

Hereford R3± 3.7c 43.0 ± 14.0 14.1 ± 5.2 0.5&.. 
Braford 1.0t 0.7 24.0± 11.5 8.7 ± 4.4 0.02 

Third 

Hereford 39.1 ± 6.4 50.0 ± 14.0 21.6 ± 9.3 4.301>' .. 
Braford 11.2 ± 4.0' 44.0 ± 18.5 9.0 ± 3.9 0.448 

Combined: 

(1st, 2nd, 3rd) 

Hereford 25.8 ± 7.6 -tA.7± 15.2 16.7 ± 6.3 2.20 .. 
Braford 4.6 ± 2.1 28.0 ± 12.9 7.4±3.4 0.16 

Control i 

Hereford 35.5 ± 16.2 43.0 ± 13.3 11.7 ± 5.5 1.80 .. 
Braford 7.5 ± 4.5 34.0± 18.5 6.7 ± 3.5 0.17 

(J See text for definition of how percentage surviving each stage was calculated. 
b A* or ** adjacent to 3 pair of meanR indicates a significant difference between breeds for each 

challenge tick infestation at P < 0,05 and P < 0.01, respectively, ANOVA, F·test; see text for 
explanation. The absence of asterisks indicates that breed differences were not significant. 
To develop host resistance, treated nnimals, four of each breed, were infested with 5,000 adult ticks 
weekly for 9 wk. Three, six and nine weeks after weekly infestations began, each treated animnl was 
also infested with challenge ticks. Each CTI at 3. 6 and 9 wk was done by infestation with known 
numbers of ticks, 200 larvae, 100 nymphs, 30 males and 30 females, 

d Percentage cumulative survival (CSl was estimated by multiplying the proportion of ticks surviving 
from stage to stage times 100. 

eFor Hereford, the percentage survival of larvae was significantly (P < 0.01, F-test) less during the 
second CTJ than during the first or third CTJ. 

f For Hereford, the CS of all tick stages was significllntly (P < 0.01, F-test> Jess during the second CTJ 
than during the first or third CTI. 

H Within breeds, the percentage CS of all tick stnges for the third CTI was significantly (P < 0.01, F
test) greater than the CS for the first lind second CTI. 

h For Braford, the percentage survival of larvae during the third CTI was significantly (P < 0.01, F
test) greater than the percentage survival during the first and second CTI. 

i Control animals did not receive 5,000 adults per week, but were only infested one time with challenge 
ticks. A new animal of each breed which had not previously been infested was used at each new 
challenge. For presentation, data for control animal!! over all challenges were pooled. 
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The estimated percentage of CS for females, larvae and nymphs fed on the 
treated and control animals was significantly different (P < 0.01, F-test) between 
breeds (Table 7). Significantly (P < 0.05, F-test) rewer ticks survived when red on 
treated Hereford during the second CTI than the first. During the third CTI, 
about 8.6 times more ticks were observed to survive after having been fed on the 
treated Hereford than were observed to survive during the second CTL Over the 
three CTI, there was a gradual increase in the CS percentages after having been 
fed on the treated Braford. By the third CTI, the CS of ticks fed on both breeds of 
cattle was significantly greater (P < 0.01, F-test) than the CS of ticks which had 
been red during the first and second CTI (Table 7). The increase in the CS by the 
third CTI further suggests that the tick-induced host resistance may have been 
lost due to an overdose of antigen to the host's immune system (Brown et al. 
1984, Wikel 1984). 

The data presented clearly show that when compared to purebred B. taurus 
cattle, crossbred B. illdicus X B. taurus have a significant effect on the feeding 
performance and survival of female, larvae and nymphs of the lone star tick. 
Therefore, use of B. illdicus crossbred cattle in lone star tick management 
programs could substantially reduce populations of all stages of the tick in 
woodlot pasture environments (Garris et a1. 1979, Garris and Hair 1980, Byford 
1985). In the U.S., the resistance against lone star ticks expressed in the 
crossbred cattle should be used to develop an integrated management approach 
to the control of all stages of these ticks on cattle with limited strategic use of 
acaricides. However, sufficient economic information as to the profitability of use 
of B. illdicus crossbreeding as a factor in an integrated management program for 
the lone star tick is lacking (Ervin et a1. 1987). 

The data also show that lone star tick-induced host resistance can be 
overwhelmed, which would allow additional ticks to survive. Under field 
conditions in Oklahoma, the number of lone star female ticks on cattle probably 
never reach the infestation level observed in this study. Although this may be 
the case, some evidence from field studies (Garris and Hair 1980) suggest the 
loss of the tick-induced host resistance may occur and may have an impact on 
the population dynamics of the lone star tick. Additional research is needed to 
clarify this point. 
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Acolymmo uittatum 129
 
ACARI 99, 189, 321
 
ACARINA 301
 
accumulated degree hours 237
 
Acrididae 109
 
ADH 237
 
Aedes aegypti 173
 
alfalfa Icafcutting bees 109
 
Amblyomma omcricanum 301, 321
 
Anopheles quadrimaculatus 289
 
Aprostocctus bruchaphagi 25
 
aquatic 73
 
ARACHNIDA 189
 
Archytas marmorotus 65
 
armywonn, fall 41
 
automatic sprayer 273
 

hait, bran 109
 
baits, food 117
 
hanks b'l"fiSS mite 189
 
barriers 237
 
bean leaf beetle 99
 
becDc,bcan leaf 99
 
beetlc, Colorado potato 137
 
beetle. cucumber 129
 
beetle, flat grain 117
 
bectlc, red flour 117
 
beetles 177
 
beetles, ground 177
 
beetles, Blared-product 117
 
behavior, pupation 65
 
beneficial insect introduction 37
 
bioassay, diet 163
 
biological control 11,37, 137
 
birdsfoot trefoil 25
 
black light trap 17
 
blnck Bcale 199
 
blow flies 245
 
body, buried 227
 
bollworm, pink 55, 163
 
borer, southwcslc!m corn 189
 
Bos lal/rus 321
 
Bos 100IruS X Bos illdiclls 321
 
bran hait 109
 
Bruchophagus platyptcrIIs 25
 
buried body 227
 

Cacopsylla pyricola 37
 
Calliphora vicino 227
 
Calliphoridae 227, 237, 245
 
Carabidae 177
 
carbamate 189
 
carbaryl 109
 
cattle 273
 
cell, pupal 65
 
Ceratomo trifurcata 99
 
chalcid, trefoil seed 25
 
chemical components, plant 41
 
chemical control 199
 
chlorpyrifos 109
 
Chrysomelidae 99, 129, 137
 
citrus 199
 
Coccidae 199
 

COLEOPTERA 11,99,117,129,137,145,177
 
color response 211
 
Colorado potato beetle 137
 
components, plant chemical 41
 
construction, pupal cell 65
 
control 145
 
control, biological 11,37, 137
 
control, chemical 199
 
converted sorghum Jines 41
 
corn 145
 
corn borer, southwestern 189
 
corpse 245
 
cotton 163
 
cotton, normal-leaf 55
 
cotton, okra-leaf55
 
crossbred heifers 321
 
Cucujidae Ll7
 
cucumber beetle 129
 
cucurbits 129
 
Culicidae 173, 289
 
Curculionidae 117
 
cyromazine 257
 

deer mortality 301
 
deer, white-tailed 301
 
degree hours, accumulated 237
 
detection 117
 
developmental rates 237
 
Diabrotica rtrtdccimpllTlctatcf howardi 129
 
Diatraca gra1ldioscUo Dyar 189
 
diazinon 283
 
dichlorvos 273
 
diet bioassay 163
 
diflubenzuron 173
 
dimilin 173
 
DIPTERA 1,65,173,227,237,245,257,
 

261,273,283,289
 
dispersal 129
 
dispersion 199
 
distribution 1,129,289
 

ectoparasite 99
 
entomology, forensic 227, 237, 245
 
Euce/atoria bryoni 65
 
Eurytomidae 25
 

face flies 273
 
fall armyworm 41
 
fauna, insect 245
 
fawn hematology 301
 
feed-through 257
 
flat grain beetle 117
 
flies, blow 2·15 
flies, face 273
 
flies, horn 273
 
flies, house 257, 261
 
flies, stable 1
 
flour beetle, red 117
 
food baits 117
 
forensic entomology 227, 237,245 
Formica /leadara 37
 
Formicidae 37
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Gelcc:hiidac 55, 163
 
GOSS)'pium hirsutum 163
 
Grncillariidoe 211
 
grain beetle, Oat 117
 
grasshopper 109
 
grasslands t 7i
 
ground beetles 177
 
growth rCb'Ullltors, inscctl73, 199
 
grubs 11
 

/iaematobia irritans 273, 283
 
heifers crossbred 321
 
flelicoverpa zen 17,65
 
hematology, fawn 301
 
HOMOPTERA 37, 199
 
horn flies 273
 
host resisl.ancc 321
 
host·parasitc interaction 321
 
host plnnt resistance 55, 163
 
house Oy 257, 261
 
HYMENOPTERA 25, 37,109
 

insect fauna 245
 
insect growth regulators 173, 199
 
insect introduction, beneficial 37
 
INSECTA I, 17,37,41,145. 177
 
integrated pest management 37
 
interaction. host-parasite 321
 
inten·al, postmortem 227.237.245
 
introduction, beneficial insect 37
 
invertebrntes 73
 
IPM37
 
isozyme 289
 
ivermectin 283
 
Ixodidae 301, 321
 

Larvadcx® 257
 
leafcutling hees, alfalfa 109
 
LEPIDOPTERA 17,41,55,65, 145, 163,
 

189.211
 
Leptinotar.w. decemlineata 137
 
lone star tick 301
 

malathion 25
 
Megachile rotunda (F.> 109
 
Mcgachilidne 109
 
melons 129
 
Mestlpolobm. bruchophagi 25
 
MetarhiziUIII 11
 
mite, banks b'Tass 189
 
monitoring 211
 
mllrwlity 261
 
mortality, deer 301
 
m'j~4uito 173,289
 
mulch 129
 
mulch, black plnstic 129
 
,Wu.\'f;(J uiliwilnalis 273, 283
 
.Vfu.w:rJ dfJmc.~tica 257, 261
 
.\f,J cidac 1,227,257,261.273.283
 
fnll kmcl"n 129
 

Nocluidae 17,41,65
 
nontArget 73, 109
 
normal-leaf cotton 55
 

Odocoileus lJirginia/lIls 301
 
okrn·leaf cotton 55
 
Oligoll)'chus pratellsis (Banksl189
 
outbreaks, secondary spider mile 189
 

pllrnsites 261
 
jlllrllsitism 65
 
pnrusitoid 25
 
PcdillvpJIOTa gossypidla 55, 163
 
pcrmcthrin 283
 
pest management, integrated 37
 
pheromone trap 17
 
PhyJlofiorycter bilJtlcarclella 211
 
pink bollworm 55. 163
 
PIROPLASMORIDA 301
 
plnnt chemical components 41
 
plastic mulch, black 129
 
pollinator 109
 
polytene chromosome 289
 
postmortem interval 227, 237, 245
 
poUlto beetle, Colorado 137
 
pot.atOCg 137
 
predators 137,261
 
proteetant 145
 
Ps:rllidae 37
 
pupnl cell construction 65
 
pupation behavior 65
 
Pyrulidne 189
 
pyrethroids 73, 189
 

rules, developmentlll 237
 
red nour bectle 117
 
mguilltors, insect growth 173, 199
 
residues 145
 
resistance 257,273
 
resistnnce, host 321
 
resistnnce, host-plant 55, 163
 
response, color 211
 
rice weevil 117
 

Saissetia oleae 199
 
scale, black 199
 
Scnrnbaeidae 11
 
secondary spider mite outbreaks 189
 
sibling species 289
 
Sorghum bicolor 4 1
 
sorghum lines, converted 41
 
southwestern corn borer 189
 
species, sibling 289
 
spider mile outbreaks, secondary 189
 
8fJodoptero frugipcrda 41
 
spmyer, automatic 273
 
sLllblc ny 1
 
Stomoxys caicitroflli I
 
stored.product beetles 117
 
sugarcane II
 
survival 321
 
SYllthesiomyia nudesita 227
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Tachinidac 65
 
Tcncbrionidae 117
 
Tctranychidnc 189
 
Theileria cervi 301
 
theileriasis 301
 
Theileridae 301
 
Lick, lone star 301
 
(.ornata 17
 
toxicity 145
 
tralomcthrin 145
 
trap, black light 17
 
trap, pheromone 17
 
trapping 211
 
trefoil seed cha1cid 25
 
trefoil, birdsfoot 25
 
Trombidiidac 99
 
7'rombidiu", hyperi 99
 
TrombidillTll newelli 99
 

weevil, rice 117
 
wheat 145
 
white-tailed deer 301
 

SUBJECT INDEX TO VOLUME 9, 1992
 


	00091c
	00094ttra
	00091001
	00091011
	00091017
	00091025
	00091037
	00091041
	00091055
	00091065
	00092c
	00092073
	00092099
	00092115
	00092117
	00092129
	00092137
	00093c
	00093145
	00093165
	00093175
	00093179
	00093189
	00093199
	00093211
	00094c
	00094219
	00094221
	00094223
	00094227
	00094237
	00094245
	00094257
	00094261
	00094273
	00094283
	00094289
	00094301
	00094321
	00094339
	00094341ai
	00094342si



