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Abstract 

We provided fenbendazole to captive (N q  77) and free-ranging 
(3 study areas) white-tailed deer (Odocoileus virginianus) in Loui- 
siana to determine effects on gastrointestinal nematode burdens. 
Fenbendazole reduced gastrointestinal nematode burdens of cap- 
tive and free-ranging white-tailed deer. Mean eggs per gram of 
feces from captive deer decreased P<O.Ol and P<O.Ol, respec- 
tively) 89% and 84% after provision of fenbendazole in doses 
approximating 0.47 and 0.62 g/deer, respectively. Doses approxi- 
mating 0.42-0.46 g/deer did not affect (P = 0.61) eggs per gram of 
feces collected from free-ranging deer. Mean eggs per gram of feces 
collected from free-ranging deer was affected by fenbendazole 
treatment (P= 0.04) and decreased an average of 86% (SE = 1.9) on 
the 3 study areas after provision of fenbendazole in doses approx- 
imating 1.67-1.82 g/deer. Eggs per gram of feces collected from the 
distal colon and abomasal parasite counts from abomasa of free- 
ranging deer harvested on the study areas were associated posi- 
tively (r = 0.706, P<O.OOl), were affected by fenbendazole treat- 
ment (P<O.Ol andP<O.Ol, respectively), and decreased 66% (SE = 
5.1) and 52% (SE = 7.4), respectively, after provision of fenbenda- 
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zole in doses approximating 1.67-1.82 g/deer. A reduction in the 
crosstransmission of gastrointestinal parasites common to deer 
and livestock might be possible through fenbendazole treatment of 
deer. 

Key Words: anthelmintic, disease, Louisiana, Odocoileus virgini- 
anus, parasites 

Domestic livestock and white-tailed deer (Odocoileus virginia- 
nus) share common range in much of the United States, increasing 
the potential for crossinfection of endoparasites among these rum- 
inants (Beaudion et al. 1970). Prestwood and Pursglove (1981) 
reported that 32 species of gastrointestinal nematodes have been 
recorded in white-tailed deer, several of which also infect livestock 
(Anderson 1962, Prestwood et al. 1973, Prestwood et al. 1975, 
Prestwood et al. 1976, Davidson et al. 1980, McGhee et al. 1981, 
Conti and Howerth 1987). Livestock operations often utilize some 
control program against gastrointestinal parasites and fenbenda- 
zole has been demonstrated to be an effective drug for treatment of 
gastrointestinal parasites in domestic ruminants (Fraser 1986). 
Free-ranging deer could potentially serve as a reservoir for gas- 
trointestinal nematodes (Dunn 1968, McGhee et al. 1981) and lead 
to reinfection of treated livestock. 

Most species of gastrointestinal nematodes are nonpathogenic 
or mildly pathogenic in free-ranging white-tailed deer under nor- 
mal circumstances (Prestwood and Pursglove 1981). However, 
heavy infection combined with malnutrition led to mortality and 
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morbidity of white-tailed deer on the Atlantic and Gulf coastal 
plains (Davidson et al. 1980) and other detrimental cases have been 
reported (Prestwood and Kellogg 1971, Forrester et al. 1974). 
Fawn and yearling deer are particularly susceptible to pathogenic 
gastrointestinal nematode infections (Prestwood and Kellogg 
1971, Forrester et al. 1974, Conti and Howerth 1987). 

Deer population reduction has been suggested as a management 
tool to minimize the risk of parasite-related disease because para- 
site burdens have been shown to be related to deer densities in some 
regions of North America (Herman 1945, Eve and Kellogg 1977, 
Davidson et al. 1982). However, many free-ranging deer popula- 
tions are maintained at high densities through design or default. 
Treatment with anthelmintics may be a reasonable strategy to 
increase productivity of farmed deer or to reduce the potential for 
parasite-related disease problems in free-ranging deer and poten- 
tially reduce reinfection of livestock utilizing the same range 
(Qureshi et al. 1989, 1990). 

Administration of anthelmintics to populations of wild animals 
is in its infancy (Foreyt and Samuel 1979). Garris et al. (1991) used 
ivermectin-treated corn (Zeu mays L.) to control the domestic 
rabbit ear mite (Psoroptes cuniculi) in captive white-tailed deer; 
and Qureshi et al. (1989, 1990) used tricalbendazole and albenda- 
zole, respectively, to control Fuscioloides magna in white-tailed 
deer. The majority of investigations regarding the use of anthel- 
mintics in nondomestic animals have dealt primarily with Euro- 
pean species, zoo animals, and farmed deer; and treatment with 
5-50 mg fenbendazole/ kg body mass has been effective in reducing 
gastrointestinal nematode burdens in these nondomestic species 
(Bockeler and Lindau 1978, Dinnes and Knapman 1980, Duwel et 
al. 1979, Janssen 1985, Kutzer 1981, Wiegand 1981). Wecouldfind 
no reports of the use of this anthelmintic for treatment against 
gastrointestinal nematodes in white-tailed deer. Therefore, our 
study was designed to determine if gastrointestinal nematode 
burdens in captive and free-ranging white-tailed deer could be 
affected through fenbendazole treatment. 

Materials and Methods 

Study Areas 
Captive deer were housed in a 6.5ha paddock of native grasses 

and mature pecans (Curya illinoensis K. Koch) on Idlewild Exper- 
iment Station, East Feliciana Parish, La. Avondale Hunting Camp 
(Avondale, 351 ha) and portions of Blairstown Plantation (Blairs- 
town, 980 ha) and Shades Plantation (Shades, 240 ha) were used to 
examine efficacy of fenbendazole for treatment of gastrointestinal 
nematodes in free-ranging deer. All areas were located in East- 
Feliciana Parish, La., and vegetation was typical of mixed pine- 
hardwood upland forests in the southeastern United States 
(Delany 1985, Barry 1991). 

Captive Deer 
Two trials were conducted using 77 captive, adult (22 years-of- 

age) white-tailed deer. We lightly coated 136 kg pelleted feed with a 
commercial inoculum sticker (VW-4; Urbana Laboratories, St. 
Joseph, MO.) to administer 20% fenbendazole premix (Hoechst- 
Roussel Agri-Vet Co., Somerville, N.J.) for both trials. We admin- 
istered 180 g premix (36 g fenbendazole; x q  0.47 g/deer) and 240 g 
premix (48 g fenbendazole; x = 0.62 g/deer) on 16 May and 9 
August 1990, respectively. 

We collected 30 freshly deposited fecal samples immediately 
prior to each treatment and approximately 2 weeks following each 
treatment (30 May and 21 August 1990). We processed fecal sam- 
ples using a double-centrifugation, sugar-floatation technique 
(Samuel and Trainer 1969) to recover gastrointestinal nematode 
eggs. The number of gastrointestinal nematode eggs per gram of 
feces in each sample was used to index gastrointestinal nematode 
abundance. Fecal egg counts have been used as a nondestructive 

method to evaluate control measures against gastrointestinal nem- 
atode parasites in zoo animals and farmed deer (Bockeler and 
Lindau 1978, Dinnes and Knapman 1980, Mason and Gladden 
1983, Anderson and Wilson 1984, Wilson 1984, English 1985, 
Janssen 1985, Watson and Charleston 1985, Boyce et al. 1991). 

Free-Ranging Deer 
We conducted 3 Haynes’ strip censuses (Hayne 1949) at each 

area and estimated approximately 1 deer/4.4 ha (79 deer) at Avon- 
dale, 1 deer/6.0 ha at Blairstown (163 deer), and 1 deer/2.8 ha (86 
deer) at Shades. We prebaited deer to covered bait stations at each 
study area (6 at Avondale, 12 at Blairstown, and 6 at Shades) 
beginning in February 1990 and provided whole, shelled corn ad 
libitum at bait stations throughout the study. 

We conducted 3 trials for free-ranging deer and used a light 
coating of inoculum sticker, as in the captive deer trials, to fix 20% 
fenbendazole premix to corn. We mixed 30 g of 20% fenbendazole 
premix with 23 kg coated corn at each bait station in May 1990 for 
Trail 1. The amount of corn supplied was based on consumption 
rates during prebaiting such that fenbendazole would be consumed 
within 3-5 days. We provided 180 g (36 g fenbendazole), 360 g (72 g 
fenbendazole), and 180 g (36 g fenbendazole) premix at Avondale, 
Blairstown, and Shades, respectively. 

We mixed 60 g of 20% fenbendazole premix with 23 kg coated 
corn at each bait station in July and November 1990 for Trials 2 
and 3, respectively. We provided an additional 60 g premix mixed 
with 23 kg coated corn at each bait station after all medicated corn 
originally provided had been consumed. For Trials 2 and 3 we 
provided 720 g (144 g fenbendazole), 1,440 g (288 g fenbendazole), 
and 720 g (144 g fenbendazole) premix at Avondale, Blairstown, 
and Shades, respectively. 

For Trials 1 and 2, we collected freshly deposited fecal samples at 
each area immediately prior to fenbendazole adminsitration and 2 
weeks following the final administration of fenbendazole. For 
Trial 3, we collected abomasa and feces in the distal colon from 
hunter-harvested deer prior to and following administration of 
fenbendazole. We attempted to harvest at least 10 deer from each 
area prior to treatment and all pretreatment deer were harvested 
within 11 days prior to treatment. Post-treatment deer were col- 
lected from each area between l-3 weeks following final fenbenda- 
zole treatment. 

Schultz et al. (1993) reported abomasal nematode relative fre- 
quencies on these 3 areas and 5 additional areas in south-central 
Louisiana to be 69.2% Mazammastrongylus pursglovei, 13.8% 
Osteragia mossi. 10.6% Trichostrongylus askivali, 5.1% 0. dik- 
mansi, 0.5% Haemonchus spp., and 0.4% M. odocoilei. Abomasa 
were collected and abomasal parasite counts derived to determine 
if egg counts were reflecting removal of parasites or inhibition of 
egg output. Although eggs are produced by gastrointestinal nema- 
todes other than abomasal parasites, previous work on abomasal 
parasite burdens of deer in Louisiana indicated that abomasal 
parasite counts and fecal egg counts were associated positively (r = 
0.656, P<O.OOl) (Schultz et al. 1993). 

Each abomasum was recovered and prepared using a standard 
method (Eve and Kellogg 1977). We randomly selected 2, 50-ml 
aliquots from each l,OOO-ml abomasal sample and washed con- 
tents in a #120 U.S. standard sieve (0.0049~. Sieve contents were 
washed into a l,OOO-ml beaker, transferred to a flask, and stained 
with iodine solution. We examined flask contents in a gridded petri 
dish under a bionocular dissecting microscope (10x) and counted 
all adult and larval worms observed in each aliquot to derive 
abomasal parasite count. We processed fecal samples collected 
during each trial as for captive deer. 
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Analytical Methods 
Analyses were performed using log-transformed data to approx- 

imate a normal distribution (Eve and Kellogg 1977, Steel and 
Torrie 1980:235, Couvillion et al. 1982, Schultz et al. 1993). Means, 
standard errors, and percent reductions were also calculated from 
the raw data and are presented for comparison to other studies. 

We used Student’s t-tests to evaluate differences between pre- 
treatment versus post-treatment eggs per gram means for captive 
deer trials separately and to compare eggs per gram means between 
trials. We used analysis of variance and a block design to determine 
effects from fenbendazole treatment and study area on eggs per 
gram and abomasal parasite count values for free-ranging deer. 
The association between transformed abomasal parasite counts 
and fecal eggs per gram from individual deer was described using 
Pearson’s correlation coefficient (r). Each trial was analyzed 
separately and all tests were conducted at m = 0.05. 

Results 

Captive Deer 
Although pretreatment and post-treatment fecal eggs per gram 

means were lower during Trial 2 than during Trial 1 (Table l), 

Table 1. Mean number of gastrointestinal nematode eggs per gram from 
fecal groups collected from captive white-tailed deer pre- and post- 
treatment with fenbendazoleas during May 1990 (Trial 1) and August 
1990 (Trial 2), East Feliciana Parish, La. 

Rawb log,oC 
Trial Time N X SE X SE PWd 

I Pre 30 6.1 1.6 0.69 0.06 <O.Ol 
Post 31 0.7 0.2 0.17 0.04 

2 Pre 30 3.7 0.8 0.53 0.07 <O.Ol 
Post 30 0.6 0.5 0.08 0.04 

“Approximately 0.47 g/deer and 0.62 g/deer for Trials 1 and 2, respectively. 
bCalculated from the raw data. 
‘Calculated from loglo-transformed data. 
dProbability of yt) of a difference between pre- and post-treatment means using 
transformed data. 

neither pretreatment (P = 0.17) nor post-treatment (P = 0.91) 
means differed statistically between trials. Post-treatment eggs per 
gram means differed from pretreatment means for both trials 
(P<O.Ol) and pretreatment means were reduced 89% and 84% 
based upon the raw data following fenbendazole treatment for 
Trials 1 and 2, respectively. 

Free-Ranging Deer 
Neither fenbendazole treatment (P= 0.61), study area (P= 0.44), 

nor the interaction of these variables (P = 0.38) affected fecal eggs 

per gram for Trial 1 (Table 2). Mean pretreatment eggs per gram 
levels were reduced an average of 86% (SE = 1.9) among study areas 
following fenbendazole treatment in Trial 2 based upon the raw 
data. Fenbendazole treatment (P = 0.04) affected eggs per gram 
values during this trial as did the interaction between fenbendazole 
treatment and study area (P = 0.01); however, study areas did not 
affect fecal eggs per gram (P = 0.38) when tested against the 
interaction of these variables. 

Transformed abomasal parasite counts and fecal eggs per gram 
from individual deer were positively associated (r = 0.706, P<O.OOl). 
Pretreatment eggs per gram values and abomasal parasite counts 
were reduced an average of 66% (SE = 5.1) and 52% (SE = 7.4), 
respectively, following fenbendazole treatment in Trial 3 calcu- 
lated from the raw means (Table 3). Neither study area (P = 0.24) 
nor the interaction of study area and fenbendazole treatment (P q  
0.57) affected eggs per gram of feces in Trial 3, but eggs per gram 
were affected by fenbendazole treatment (P<O.Ol). Both fenben- 
dazole treatment (P<O.Ol) and study area (P = 0.04) influenced 
abomasal parasite counts in Trial 3, but the interaction of these 
variables did not affect abomasal parasite counts (P = 0.89). 

Discussion 

Fenbendazole was efficacious for reducing gastrointestinal 
nematode burdens in captive and free-ranging white-tailed deer as 
reflected by fecal eggs per gram and abomasal parasite count levels. 
Although eggs per gram of feces from captive deer were reduced 
after provision of fenbendazole at average doses of 0.47 g/deer and 
0.62 g/deer, provision of similar doses to free-ranging deer 
(0.42-0.46 g/deer) did not affect eggs per gram levels. This may 
have been the result of underestimation of free-ranging deer densi- 
ties, consumption of fenbendazole-treated corn by species other 
than deer, or differences in behavior and feeding patterns between 
captive and free-ranging deer. 

Treated feed comprised a major portion of the diet of captive 
deer and all deer probably consumed treated feed during each trial. 
Treated corn, however, was a dietary supplement for free-ranging 
deer. Some free-ranging deer that utilized supplemental corn may 
not have visited bait stations when treated corn was available 
during Trial 1, and deer that visited bait stations when treated corn 
was available may have consumed more than their share (greater 
than the calculated mean). In Trials 2 and 3, provision of larger 
doses of fenbendazole (1.67-1.82 g/deer) over a longer period than 
in Trial 1 reduced fecal eggs per gram and abomasal parasite 
counts of free-ranging deer. Regardless of the reason that there 
were no effects from fenbendazole treatment of free-ranging deer 
during Trial 1, increasing the dose and period of fenbendazole 
provision in Trials 2 and 3 resulted in reduced gastrointestinal 
nematode burdens. 

Table 2. Mean number of gastrointestinal nematode eggs per gram in white-tailed deer fecal groups collected on portions of 3 properties pre- and 
post-treatment with fenbendazole during May 1990 (Trial 1) and July 1990 (Trial 2), Fast Feliciana Parish, La. 

Area” 
Avon 

Time N 
Pre 19 
Post I8 

Trial 1 Trial 2 
(estimated 0.424.46 g/deer) (estimated 1.67-1.82 g/deer) 

Rawb logloC Rawb logloc 

x SE x SE N x SE x SE 

3.4 0.9 0.49 0.09 30 6.5 1.9 0.55 0.09 
6.2 3.8 0.43 0.12 32 I.1 0.5 0.19 0.05 

Btown Pre 42 2.8 0.5 0.46 0.05 32 9.9 1.8 0.83 0.08 
Post 42 2.9 0.8 0.35 0.06 25 0.7 0.3 0.13 0.05 

Shades Pre 27 2.6 0.5 0.45 0.06 30 15.6 3.0 1.04 0.08 
Post 27 7.1 2.8 0.54 0.10 32 2.7 1.1 0.26 0.08 

‘Avon = Avondale Hunting Camp, Btown = Blairstown Plantation, Shades = Shades Plantation. 
kalculated from the raw data. 
‘Calculated from logwtransformed data. 
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Table 3. Mean number of gastrointestinal nematode eggs per gram in white-tailed deer feces collected from the distal colon and abomasal parasite counts 
(APC) from abomasa collected from deer harvested from 3 properties pre- and post-treatment with fenbendazole’ during November 1990, East 
Feliciana Parish, La. 

Area’ 

Avon 

Btown 

Shades 

Time 

Pre 
Post 

Pre 
Post 

Pre 
Post 

EPG APC 

Rawb logloc Rawb 10gKl’ 

N --A SE x SE N x SE x SE 

13 20.9 5.1 1.12 0.15 13 1,536 262 3.10 0.08 
I1 8.2 3.3 0.58 0.20 11 803 394 1.93 0.39 

21 33.9 17.4 1.02 0.14 21 596 76 2.64 0.10 
16 5.5 2.3 0.43 0.14 16 401 211 1.27 0.33 

9 6.4 2.2 0.68 0.15 9 1,467 548 3.02 0.11 
10 2.9 1.1 0.42 0.13 12 347 137 1.84 0.31 

“Estimated 1.67-1.82 g/deer. 
PAvon q  Avondale Hunting Camp, Btown = Blairstown Plantation, Shades = Shades Plantation. 
bCalculated from the raw data. 
‘Calculated from log&ransformed data. 

Although fenbendazole treatment reduced eggs per gram of 
feces from captive deer during Trial 1 *Inc! free-ranging deer during 
Trial 2, eggs per gram values were aga.in elevated when subsequent 
trials began. Previous contamination of pastures apparently pro- 
vided an adequate reservoir of gastrointestinal nematodes to per- 
mit relatively rapid reinfection. Janssen (1985) suggested that 
effects of anthelmintic treatment will be short-lived unless pasture 
contamination is reduced and Myers (1988) recommended pasture 
rotation to reduce contamination. Pasture rotation might be pos- 
sible with captive deer but obviously could not be utilized for 
free-ranging deer. Repeated fenbendazole treatments would be 
required for long-term reductions in gastrointestinal nematode 
burdens. 

A relatively minor proportion of the gastrointestinal nematode 
parasites identified by Schultz et al. (1993) from deer on these and 
other properties in the region are common in livestock. However, 
our results suggest that efficacious treatment could be expected in 
cases where species common to deer and livestock comprise a 
greater proportion of the deer gastrointestinal nematode burden. 

Our results indicate that white-tailed deer gastrointestinal nema- 
tode burdens can be reduced through a+ministration of fenbenda- 
zole. These results have direct implications toward captive deer 
husbandry. Further research is :ded he?gre the practical utility 
of fenbendazole treatment against pn~ri: ,;ltestinal nematodes in 
free-ranging deer can be adequatelj ..&essed. Provision of fen- 
bendazole for treatment of high gastrointest.aal nematode burdens 
in free-ranging deer would probably p .!sitively affect deer popula- 
tions. However, decreases in numbers f these parasites in cases 
where burdens are moderate or low might result in little actual 
benefit to deer. The interrelationship and crosstransmission of 
gastrointestinal nematode parasites between domestic livestock 
and free-ranging deer must be further delineated before effects can 
be described for livestock grazing the same range as free-ranging 
deer treated to reduce gastrointestinal nematode burdens. Our 
results suggest that crosstransmission of gastrointestinal nematode 
parasites from deer to livestock might be reduced through fenben- 
dazole treatment of deer and they provide the foundation for 
continued research regarding treatment of these parasites in deer 
and effects of such treatment on other ruminants utilizing the same 
range. 
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