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Several factors influencing aerial counts of 
terrestrial species have been identified (Caugh- 
ley 1974). When it is not possible to control for 
such variables in experimental design, Caugh- 
ley et al. (1976) recommended that the specific 
biases involved in each survey situation should 
be measured to correct estimates. 

The magnitude of bias due to incomplete vis- 
ibility of animals during aerial surveys has been 
measured in several ways. Estimates of the per- 
centage of animals counted ranged from 23 to 
80% in 17 studies reviewed by Caughley (1974). 
Visibility is difficult to estimate where actual 
density is not known, as is the case for many 
wildlife populations. This problem was sur- 
mounted in a census of white-tailed deer (Odo- 
coileus virginianus) by determining the visibil- 

ity of a known number of individuals located 
by radiotelemetry within the survey area (Floyd 
et al. 1979). Ground counts have been com- 
pared with aerial counts in attempts to estimate 
the visibility bias during surveys of sea otters 
(Enhydra lutris) (Eberhardt et al. 1979) and 
manatees (Trichechus manatus) (Shane 1981). 
Accurate ground counts of marine mammals 
are difficult because of movement of sub- 

merged animals to different locations during 
the counting period and individual differences 
in rates of surfacing. 

Aerial surveys of manatees have not incor- 

porated techniques for estimating bias due to 

visibility or other factors (Irvine and Campbell 
1978, Hartman 1979, Leatherwood 1979, Odell 
1979, Irvine et al. 1981, Shane 1981, Powell and 
Rathbun 1984). These surveys yielded infor- 
mation on the minimum number of manatees 
present in an area and distribution of visible 
manatees. Manatee counts from aerial surveys 
may be construed to provide the basis for esti- 
mates of abundance, although no empirical data 
have been available regarding the proportion 
of manatees observed during aerial surveys or 
variance in visibility as a function of survey 
conditions and distribution of manatees in dif- 
ferent habitat types. 

Irvine and Campbell (1978) reported a min- 
imum count of 738 manatees in Florida based 
on a 2-day survey of coastal waters and ground 
counts at two sites. They discussed the problems 
involved in estimating a correction factor due 
to site differences in water clarity and com- 
mented that probably fewer than 90% of man- 
atees are observed during surveys. Without es- 
timates of bias associated with this minimum 
count, it does not provide a baseline against 
which to evaluate subsequent changes in man- 
atee abundance. 

If visibility of animals is constant over a range 
of survey conditions, then a single correction 
factor may be used to obtain population esti- 
mates from aerial counts. If visibility varies 
across surveys, then trends in aerial counts may 
be biased, and specific correction factors for 
each survey must be obtained. We used radio- 
telemetry to evaluate visibility bias during sur- 
veys of a group of manatees whose range was 
restricted by the need to return daily to a warm- 
water refuge where all individuals could be 
identified. The purposes of this study included 
(1) evaluation of the general problem of wheth- 
er visibility varies by survey and by habitat type; 
and (2) evaluation of the specific problems as- 
sociated with obtaining correction factors for 
bias in visibility of manatees during aerial sur- 
veys. 

STUDY AREA 

The study was conducted on the St. Johns 
River from Lake Monroe to the southern end 
of Lake George in northeastern Florida. This 
area is the winter range of manatees that seek 
refuge from cold at a natural warm-water spring 
located 23.5 km south of the northern boundary 
of the study area and 13 km north of Lake 
Monroe. Because Blue Spring is the principal 
warm-water refuge utilized by manatees in the 
area, counts of individual manatees identified 
at the spring are a reliable indication of the 
total number of manatees in the study area dur- 
ing the winter (Bengtson 1981). Manatees gath- 
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Table 1. Comparison of three methods for correcting visibility bias during five surveys when the expected number of manatees 
in the survey area was determined by identification of individuals at Blue Spring, Florida, 1983. 

Total manatees Correction factor (C) 
Corrected counts 

Survey Observeda In surveyb % manateesc % radiosd 
date (0) area (E) (Cm) (Cr) 0/Cm O/Cr 0/Cr 

23 Feb 8 24 0.33 0.75 17 11 21 
25 Feb 11 23 0.48 0.00 23 29 
3 Mar 10 19 0.53 0.33 21 30 26 
4 Mar 9 20 0.45 0.33 19 27 24 

16 Mar 8 14 0.57 0.50 17 16 21 
Mean 9 20 Cm = 0.47 C, = 0.38 19 21 24 
Te - 0 -0.36 -1.78 
P= 0.50 0.36 0.04 

a Number of radioed and nonradioed manatees sighted on survey of study area (excludes Blue Spring). 
b Number of radioed and nonradioed manatees identified in Blue Spring prior to survey minus the number of manatees in Blue Spring during 

the survey. c divided by E. 
d Number of radioed manatees sighted in study area divided by number of radioed manatees located in study area. 
e Wilcoxon's ranked signs test with pairwise comparison between E and each corrected count over all surveys. For a two-tailed test, P < 0.025 

would indicate a significant difference. 

er in Blue Spring when the river water tem- 
perature drops below 20 C and leave the spring 
periodically to feed during the warmest part of 
the day (late afternoon and night) or during 
warm weather (Hartman 1979; Bengtson 1981; 
J. A. Powell et al., unpubl. data). In contrast to 
the river (Secchi disk readings of 60-90 cm), 
water clarity is excellent in the Blue Spring run, 
facilitating accurate counts of manatees. 

The ecology of the area has been described 
by Bengtson (1981). The waterways within this 
region varied in width and depth and were 
classified as three habitat types: lakes, river 
channels, and creeks. Lake habitat composed 
approximately 66% of the water surface area 
surveyed and was generally characterized by 
widths greater than 100 m and depths ranging 
from 1 to 3 m. About 21% of the water area 
was river habitat characterized by channels ap- 
proximately 60-100 m wide and 4-8 m deep. 
Creek habitat was narrow, meandering water- 
ways or canals, which were often obscured by 
overhanging vegetation. Creeks represented 
about 13% of the water area surveyed and were 
approximately 20-60 m wide and 2-3 m deep. 

METHODS 

Visibility bias was measured by two methods: 
(1) aerial counts were compared with the num- 
ber of manatees presumed to be in the survey 
area, based on identification of individuals at 
Blue Spring; and (2) visibility of manatees lo- 
cated by radiotelemetry was determined. The 
total number of manatees present could be de- 

termined with specified confidence on five sur- 
vey dates as listed in Table 1. Visibility of man- 
atees carrying radio transmitters was also 
evaluated on 10 additional surveys conducted 
between 23 February and 5 April 1983. 

The number of manatees known to be in the 
study area was determined by counts of indi- 
viduals in Blue Spring run. Individuals were 
identified by characteristic scar patterns (Hart- 
man 1979), a technique that has been used to 
monitor manatee attendance at Blue Spring 
since 1970-71 (Powell et al., unpubl. data). 
Manatees in Blue Spring were counted from the 
ground at the same time as the plane passed 
over the run. Because Blue Spring was not in- 
cluded in aerial surveys, the number of mana- 
tees in the survey area was estimated to be the 
total identified at the spring during 1-2 days 
prior to the survey minus the number in the 
spring run during the survey. We are confident 
that estimates of total abundance are accurate 
within 3-5%, because we used data only from 
surveys on dates when all individuals were seen 
at the run or were seen 1-2 days prior to the 
survey. 

Radios were attached to the peduncles of sev- 
en manatees, as described by Bengtson (1981). 
Manatees carrying radios are henceforth re- 
ferred to as "radioed manatees." A radioed 
manatee was counted as located in the survey 
route when the radio signal was found during 
an aerial survey. The manatee was counted as 
visible when any portion of its body could be 
seen. If more than one manatee was present in 
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the area where the radio signal was located, the 
observer watched until the radioed manatee 
could be identified. 

The same pilot and two passengers (junior 
authors) conducted each survey. The pilot was 

experienced in manatee surveys and the pas- 
sengers had three training flights prior to col- 
lection of the reported data. The back-seat pas- 
senger (referred to as Observer) searched 

visually for manatees and the front-seat passen- 
ger (referred to as Tracker) monitored the radio 

signals. When a radioed manatee was not sight- 
ed by the Observer, the Tracker informed the 

pilot and Observer and the plane circled for at 
most 4 minutes to determine the location and 

possible reason why the radioed manatee was 
not sighted. If nonverbal cues from the Tracker 
indicated presence of a radioed manatee to the 
Observer, the sighting was not included in anal- 

ysis. The Observer recorded location of mana- 
tees and whether radios were sighted. 

For each of the five surveys for which the 
total number of manatees in the study area could 
be determined, two ratios were calculated: (1) 
the ratio (Cm = O/E) of total manatees ob- 
served from the air (0) to total identified in- 
dividuals expected to be in the survey area (E); 
and (2) the ratio (C, = O,/E,) of observed ra- 
dioed manatees (0,) to the number of radioed 
manatees verified by telemetry to be in the sur- 

vey area (Er). Corrected counts were calculated 
for each survey and compared with the actual 
number of identified manatees presumed to be 
in the survey area (E). Three methods for cal- 

culating corrected counts (O/Cm, O/C, O/Cr) 
were compared by the Friedman two-way 
analysis of variance (Conover 1971). Differ- 
ences between the expected number of mana- 
tees (E) and corrected counts, paired for each 

survey, were tested by Wilcoxon's signed ranks 
test (Conover 1971). 

The data from all 15 surveys were pooled to 
determine if visibility of radioed manatees dif- 
fered by habitat type (river, lake, creek). For 
each habitat type, the number of times radioed 
manatees were located was compared with the 
number of times that radioed manatees were 
seen. A single manatee observed in the same 
location as the radio signal was presumed to be 
radioed, although the radio sometimes was not 
visible. 

Factors known to influence aerial counts were 

relatively constant during the surveys. Surveys 
were conducted in the afternoon (1330-1730), 

with durations from 1.8 to 3.1 hours. Weather 
conditions were sunny to partly cloudy, wind 

velocity ranged from 13 to 30 km/hour, water 
temperature in the river near Blue Spring was 
17-18 C, and water surface conditions ranged 
from small ripples to a steady chop without 
whitecaps. Water clarity in the river was at least 
60 cm as measured by a Secchi disk and mon- 
itored by objects submerged at known depths 
and visible from the airplane. Surveys were 
flown in a Cessna 172 at heights of 85-95 m 
and speeds of 130-148 km/hour. 

Surveys of the study area followed a consis- 
tent route from south to north. The plane flew 
along the west bank of the river, looping back 
along the east bank at approximately 2-km in- 
tervals. Creek habitat was usually covered in 
one pass, unless the observer judged that the 
water was obscured by vegetation and request- 
ed a loop. The perimeters of large lakes were 
searched and transects were flown over the cen- 
ters. 

RESULTS AND DISCUSSION 

The proportion of total manatees sighted (Cm) 
ranged from 0.33 to 0.57 with a mean of 0.47 
(Table 1). The proportion of radioed manatees 
sighted (C,) was lower than the proportion of 
total manatees sighted; C, ranged from 0.0 to 
0.75 with a mean of 0.38. All methods for cor- 
recting counts yielded estimates that did not 
differ from the expected number of manatees 
present (Table 1), nor was there a difference 
among the three sets of corrected counts (x2= 
2.8, 2 df, P = 0.75). 

These results indicate that actual abundance 
of manatees in turbid waterways such as the St. 
Johns River may be roughly double the number 
counted. This estimate of visibility bias is sim- 
ilar to the ratio of aerial counts to manatee 
abundance estimated by ground counts (Shane 
1981) and mark-resighting of scar patterns 
(J. M. Packard, unpubl. data) at two power plant 
effluents. 

We caution against the use of a general fac- 
tor for correcting visibility bias in aerial surveys 
of manatees, because our estimates of visiblity 
varied between surveys. The mean ratio-of-ra- 
dios-sighted (C,) was not as good a correction 
factor as the specific ratio (Cr) obtained for each 
survey. Corrected counts were higher (P < 0.05) 
than expected counts when the general factor 
(Cr) was used but not when the survey-specific 
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factors (Cr) were used (one-tailed test in con- 
trast to the two-tailed test reported in Table 1). 

The variability in visibility bias has not been 

fully examined in other studies using radiote- 
lemetry to obtain correction factors. Although 
visibility of radioed deer was consistent (50- 
56%) over three surveys (Floyd et al. 1979), our 
results suggest that variation in correction fac- 
tors should be assessed before it is assumed to 
be low. 

Variation in visibility bias may be partially 
attributed to changes in manatee distribution 

among habitat types. Over the entire study (15 
aerial surveys), visibility of radioed manatees 

ranged from 0.0 to 1.0 with a mean of 0.54. As 
manatees moved away from Blue Spring when 

temperatures rose, they gathered in groups in 
Lake Monroe and were less frequently sighted 
in river habitat. The mean ratio for seven sur- 
veys conducted prior to 19 March was lower 
(C, = 0.34) than the mean ratio for the remain- 
ing eight surveys (C, = 0.70). 

Habitat type influenced the visibility of man- 
atees. The proportion of times radioed mana- 
tees were sighted was lower in river habitat 
(25%, N = 16) than in lake (66%, N = 30) and 
creek habitat (71%, N = 21). The frequency of 

sighting vs. no sighting of radioed manatees was 
nonrandom when all three habitat types were 
compared (x2= 9.639, 2 df, P < 0.05). The 
number of manatees sighted was lower than 
expected in river habitat (z = -1.94) and higher 
than expected in lake (z = +0.63) and creek 
habitat (z = +0.81, Freeman-Tukey deviates, 
Bishop et al. 1975). 

Radiotelemetry can be a useful technique to 
obtain correction factors in areas or at times 
(e.g., summer) when the total number of man- 
atees present cannot be determined. The visi- 

bility of radioed manatees did not differ from 
unmarked manatees (x2 = 0.54, 1 df, P > 0.25). 
Radioed manatees were sighted on 8 of 20 oc- 
casions that the radio signal was located, and 
unmarked manatees were sighted in 35 of 71 
potential occasions during the five surveys when 
the known number of manatees could be de- 
termined. Existing technology limits use of ra- 
diotelemetry to freshwater habitat. However, 
manatees occupy most of the major accessible 
river systems of Florida during nonwinter 
months (Irvine and Campbell 1978), and three 
of the nine major winter refuges are in fresh 
water. 

The number of radioed animals (7 manatees) 

in our study was smaller than the number (10- 
15 deer) observed by Floyd et al. (1979). A larg- 
er sample size might reduce the variability in 
visibility estimates. In a few cases, we could not 
visually identify the radioed manatee. The ratio 
observed may thus be overestimated if the 
manatee sighted near the signal was not ac- 
tually the radioed manatee (J. L. Bengtson, pers. 
commun.). However, we do not believe our re- 
sults were biased in this manner, because our 
mean visibility estimate for radioed manatees 
was lower than our mean visibility estimate for 
all manatees. 

The Observer could anticipate sighting an in- 
dividual where it had been located the previous 
day. This source of error could be minimized 
by scheduling surveys at 2-3-day intervals. Be- 
cause the ratio-of-radios-sighted increased from 
the beginning to the end of the study, the pos- 
sibility of improvement in observation skills 
cannot be discounted and should be monitored. 

Sun glare, cloud reflections, and wind varied 
during the additional surveys and may have 
affected visibility. For example, on a day with 
whitecaps, no. radios were sighted (this survey 
was not included in analyses). 

Our results suggest that visibility can vary 
across surveys, even when survey techniques are 
standardized. Therefore, single-survey counts 
should not be used as an index of manatee 
abundance unless visibility bias is measured, or 
variability is otherwise assessed. Factors that in- 
fluenced observability of manatees included 
habitat type, manatee distribution, weather 
conditions, and observer experience. Because 
these factors vary among surveys in a manner 
that is not easily controlled, we recommend 
against the use of a constant ratio to correct 
counts of manatees for abundance estimates. 
Higher accuracy may be obtained by using ra- 
diotelemetry to estimate specific correction fac- 
tors for each survey. 

Acknowledgments.-We thank T. J. O'Shea, 
W. D. Hartley, and G. B. Rathbun for their 
invaluable assistance during this study. Pedun- 
cle attachments were placed on manatees by 
the U.S. Fish and Wildl. Serv., with the assis- 
tance of Sea World, under the authority of Fed. 
Fish and Wildl. permit PRT 2-8430. Permission 
from Fla. Dep. of Nat. Resour. to use facilities 
at Blue Spring State Park is greatly appreciated. 
We are grateful to V. E. Johnson for his skills 
as pilot and to Deland Aviation for its flexibility 
in scheduling surveys. The study was financed 

J. Wildl. Manage. 49(2):1985 



SURVEY BIAS * Packard et al. 351 SURVEY BIAS * Packard et al. 351 

by the U.S. Fish and Wildl. Serv., under Coop. 
Agreement No. 14-16-0009-1544, Res. Work 
Order No. 2, with the Fla. Coop. Fish and Wildl. 
Res. Unit. Administrative support was provided 
by the School of For. Resour. and Conserv., Inst. 
of Food and Agric. Sci., Univ. of Florida. The 
following persons contributed to design of the 
project and/or review of the manuscript: J. L. 
Bengtson, D. P. DeMaster, R. W. Gregory, R. 
J. Hofman, H. I. Hochman, L. D. Mech, T. E. 
O'Meara, T. J. O'Shea, H. F. Percival, K. M. 
Portier, and D. B. Siniff. We thank D. A. Stin- 
son for typing the manuscript. 

LITERATURE CITED 

BENGTSON, J. L. 1981. Ecology of manatees 
(Trichechus manatus) in the St. Johns River, 
Florida. Ph.D. Thesis, Univ. Minnesota, Minne- 
apolis. 126pp. 

BISHOP, Y. M. M., S. E. FIENBERG, AND P. W. 
HOLLAND. 1975. Discrete multivariate analy- 
sis. MIT Press, Cambridge, Mass. 557pp. 

CAUGHLEY, G. 1974. Bias in aerial survey. J. Wildl. 
Manage. 38:921-933. 

,R. SINCLAIR, AND D. SCOTT-KEMMIS. 1976. 
Experiments in aerial survey. J. Wildl. Manage. 
40:290-300. 

CONOVER, W. J. 1971. Practical nonparametric sta- 
tistics. John Wiley & Sons, New York, N.Y. 
493pp. 

EBERHARDT, L. L., D. G. CHAPMAN, AND J. R. GIL- 
BERT. 1979. A review of marine mammal cen- 
sus methods. Wildl. Monogr. 63. 46pp. 

FLOYD, T. J., L. D. MECH, AND M. E. NELSON. 1979. 

by the U.S. Fish and Wildl. Serv., under Coop. 
Agreement No. 14-16-0009-1544, Res. Work 
Order No. 2, with the Fla. Coop. Fish and Wildl. 
Res. Unit. Administrative support was provided 
by the School of For. Resour. and Conserv., Inst. 
of Food and Agric. Sci., Univ. of Florida. The 
following persons contributed to design of the 
project and/or review of the manuscript: J. L. 
Bengtson, D. P. DeMaster, R. W. Gregory, R. 
J. Hofman, H. I. Hochman, L. D. Mech, T. E. 
O'Meara, T. J. O'Shea, H. F. Percival, K. M. 
Portier, and D. B. Siniff. We thank D. A. Stin- 
son for typing the manuscript. 

LITERATURE CITED 

BENGTSON, J. L. 1981. Ecology of manatees 
(Trichechus manatus) in the St. Johns River, 
Florida. Ph.D. Thesis, Univ. Minnesota, Minne- 
apolis. 126pp. 

BISHOP, Y. M. M., S. E. FIENBERG, AND P. W. 
HOLLAND. 1975. Discrete multivariate analy- 
sis. MIT Press, Cambridge, Mass. 557pp. 

CAUGHLEY, G. 1974. Bias in aerial survey. J. Wildl. 
Manage. 38:921-933. 

,R. SINCLAIR, AND D. SCOTT-KEMMIS. 1976. 
Experiments in aerial survey. J. Wildl. Manage. 
40:290-300. 

CONOVER, W. J. 1971. Practical nonparametric sta- 
tistics. John Wiley & Sons, New York, N.Y. 
493pp. 

EBERHARDT, L. L., D. G. CHAPMAN, AND J. R. GIL- 
BERT. 1979. A review of marine mammal cen- 
sus methods. Wildl. Monogr. 63. 46pp. 

FLOYD, T. J., L. D. MECH, AND M. E. NELSON. 1979. 

An improved method of censusing deer in de- 
ciduous-coniferous forests. J. Wildl. Manage. 43: 
258-261. 

HARTMAN, D. S. 1979. Ecology and behavior of 
the manatee (Trichechus manatus) in Florida. 
The Am. Soc. Mammal. Spec. Publ. 5. 153pp. 

IRVINE, A. B., J. E. CAFFIN, AND H. E. KOCHMAN. 
1981. Aerial surveys for manatees and dolphins 
in western peninsular Florida: with notes on 
sightings of sea turtles and crocodiles. U.S. Fish 
Wildl. Serv., Off. Biol. Serv., Washington, D.C. 
FWS/OBS-80/50. 20pp. 

,AND H. W. CAMPBELL. 1978. Aerial census 
of the West Indian manatee, Trichechus man- 
atus, in the southeastern United States. J. Mam- 
mal. 59:613-617. 

LEATHERWOOD, S. 1979. Aerial survey of the bot- 
tlenosed dolphin, Tursiops truncatus, and the 
West Indian manatee, Trichechus manatus, in 
the Indian and Banana rivers, Florida. Fish. Bull. 
77:47-59. 

ODELL, D. K. 1979. Distribution and abundance 
of marine mammals in the waters of the Ever- 
glades National Park. Proc. Conf. Sci. Res. Natl. 
Parks 1:673-681. 

POWELL, J. A., AND G. B. RATHBUN. 1984. Distri- 
bution and abundance of manatees along the 
northern coast of the Gulf of Mexico. Northeast 
Gulf Sci. In Press. 

SHANE, S. H. 1981. Abundance, distribution and 
use of power plant effluents by manatees (Trich- 
echus manatus) in Brevard County, Florida. Rep. 
to Fla. Power and Light Co., Miami. Natl. Tech. 
Inf. Serv. PB81-147019. 244pp. 

Received 9 February 1984. 
Accepted 25 June 1984. 

An improved method of censusing deer in de- 
ciduous-coniferous forests. J. Wildl. Manage. 43: 
258-261. 

HARTMAN, D. S. 1979. Ecology and behavior of 
the manatee (Trichechus manatus) in Florida. 
The Am. Soc. Mammal. Spec. Publ. 5. 153pp. 

IRVINE, A. B., J. E. CAFFIN, AND H. E. KOCHMAN. 
1981. Aerial surveys for manatees and dolphins 
in western peninsular Florida: with notes on 
sightings of sea turtles and crocodiles. U.S. Fish 
Wildl. Serv., Off. Biol. Serv., Washington, D.C. 
FWS/OBS-80/50. 20pp. 

,AND H. W. CAMPBELL. 1978. Aerial census 
of the West Indian manatee, Trichechus man- 
atus, in the southeastern United States. J. Mam- 
mal. 59:613-617. 

LEATHERWOOD, S. 1979. Aerial survey of the bot- 
tlenosed dolphin, Tursiops truncatus, and the 
West Indian manatee, Trichechus manatus, in 
the Indian and Banana rivers, Florida. Fish. Bull. 
77:47-59. 

ODELL, D. K. 1979. Distribution and abundance 
of marine mammals in the waters of the Ever- 
glades National Park. Proc. Conf. Sci. Res. Natl. 
Parks 1:673-681. 

POWELL, J. A., AND G. B. RATHBUN. 1984. Distri- 
bution and abundance of manatees along the 
northern coast of the Gulf of Mexico. Northeast 
Gulf Sci. In Press. 

SHANE, S. H. 1981. Abundance, distribution and 
use of power plant effluents by manatees (Trich- 
echus manatus) in Brevard County, Florida. Rep. 
to Fla. Power and Light Co., Miami. Natl. Tech. 
Inf. Serv. PB81-147019. 244pp. 

Received 9 February 1984. 
Accepted 25 June 1984. 

PROTEIN REQUIREMENT OF ADULT COLLARED PECCARIES 
GARY R. CARL, Department of Zoology, Washington State University, Pullman, WA 99164 
ROBERT D. BROWN, Caesar Kelberg Wildlife Research Institute, Texas A&l University, Box 218, Kingsville, TX 78363 

J. WILDL. MANAGE. 49(2):351-355 

PROTEIN REQUIREMENT OF ADULT COLLARED PECCARIES 
GARY R. CARL, Department of Zoology, Washington State University, Pullman, WA 99164 
ROBERT D. BROWN, Caesar Kelberg Wildlife Research Institute, Texas A&l University, Box 218, Kingsville, TX 78363 

J. WILDL. MANAGE. 49(2):351-355 

The collared peccary (Tayassu tajacu) is an lates (French et al. 1956, McEwen et al. 1957, 
important game animal with unusual aesthetic Ullrey et al. 1967, Eisfeld 1974, Robbins et al. 
value. This species is unique to the New World; 1974, Smith et al. 1975, Holter et al. 1979, 
the northern limit of its range includes desert Mould and Robbins 1981) but not for the pec- 
and rangeland of South Texas, southern New cary. The only nutritional studies done thus far 
Mexico, and southern Arizona. Knowledge of on the peccary were comparative digestion trials 
its protein requirement is necessary for inten- and aspects of volatile fatty acid production 
sive habitat management. Such information will (Dyson 1969, Shively 1979) and seasonal digest- 
allow comparison to other game species and ible energy requirements (Zervanos and Had- 
contribute to theory on ungulate nutritional ley 1973). Thus, the objective of this study was 
ecology. to determine the maintenance protein require- 

Protein requirement and nitrogen metabo- ment of adult collared peccaries through a se- 
lism have been studied for several wild ungu- ries of nitrogen balance trials. 
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allow comparison to other game species and ible energy requirements (Zervanos and Had- 
contribute to theory on ungulate nutritional ley 1973). Thus, the objective of this study was 
ecology. to determine the maintenance protein require- 

Protein requirement and nitrogen metabo- ment of adult collared peccaries through a se- 
lism have been studied for several wild ungu- ries of nitrogen balance trials. 
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