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SAMPLING BIASES I N  DEMOGRAPHIC ANALYSES O F  BLACK 

RAT SNAKES (ELAPHE OBSOLETA) 
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ABSTRACT: Population ecology requires reliable population samples. \Ye assessed sampling re- 
liability for black rat snakes (Elnphe obrolf,ta) using 1724 captures obtained by hiro different meth- 
ods: trapping at com~nunal hihernac~~la and opportunistic capture of snakes at large. Recapture 
interals indicated that opportunistic captures \?.ere biased by size (larger snakes were over-repre- 
sented) but not by sex. Furthermore, opportunistic captures of snakes seen on roads (while obse~vers 
\%!ere drix-ing) had a stronger size bias than other opportunistic captures. Trapping at hihemacula 
sampled tlie respecti\.e hib~rnacula populations reliably, but the hibernacula populations themsel\-es 
were riot representative sarriples of tlie local l~opulatio~i. Arnong 13 hibernacula, sex ratios ranged 
horn 31-63% fe~nales and age structlire from 42-86% sexually rnature individuals. Because rat 
snakes call take many years before they join comml~nal hibernacula. young snakes were under-
represented in dl hibernacula samples. \Ye found highly- significant differences in the size and sex 
co~nposition of our sarnples from the Ontario population and from samples from a population in 
hIaylantl (from published data). Those differences seem Inore likely to be a consequence of biases 
associated nit11 how snakes \yere sampled at each location than a reflection of real population 
diffrrences. \Ic. recornrnentl that f l ture sampling of rat snakes include opportunistic sarnpling of 
snakes at large combineti with sampling at several hibernacula. Also, researchers sa~npling snakes 
should assess biases in their samples, because biases that are not recognized \ill1 be Inore problem- 
atic than those of \vliicl~ researchers are aware. 

Kc,y wortlr: Elaphe obvolotn; Population sampling: Snake populations; Sampling hias; Demog- 
raphy: Size structure 

PRIORto the advent of radio-telemetry, activity), and they u7ere found where they 
research on snake population ecology re- were most easily seen rather than in hab- 
lied primarily on data obtained from op- itats that they used most (Burger and Zap- 
portunistic captures. Telemetrl; revealed palorti, 1988;\Veatherhead and Charland, 
that snakes encountered opportunistically 1985; Weatherhead and Prior, 1992). Al- 
tended to be the most visible members of though tests for biased catchability are rec- 
the populatio~l (bv virtue of their size or 	 ommended whenever possible (Parker and 

Plummer, 1987), few studies have attempt- 
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linois. 110"outh Cood\vin . h e . ,  Urbana, I L  61801, are representative of the population (Iver- 
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Ecolog?: and Organisma1 B i o l o ~ ,  Ohio State Univer- cies, opportunistic captures of snakes at 
sity, Columbus. O I  4:3210-1293. USA. large remains the only method for quan- 



tifying demographic parameters or for If hibernacula populatioils are small and 
monitoring populations through time. chance plays a role in determining \vllich 
Ho\vever, for species that aggregate for hi- individuals happened to find a particular 
bernation, it may be possible to obtain hibernaculum, the demographic profiles of 
rnore reliable information by sii~~iplingindi\lidual hibernacula sub-populations 
those aggregations. Our general goal in 
this study \t7as to compare alternative 
methods of sanlpling black rat snakes (Ela-
phe obsolctcl oh.r.oletn) to identi@ biases in- 
herent in each technique and to deteriiline 
how best to sample populations in the fu- 
ture. 

Our first objective was to compare de- 
niograpliic data from black rat snakes cap- 
tured opportunistically during the active 
season nlth data fro111 snakes trapped dur- 
ing emergence from cotnrnunal hibernac- 
ula. \Ti. expected that opportunistic cap- 
tures would be biased toward larger indi- 
viduals because they are Inore easily seen. 
fi expected an even stronger size bias in 
hibernacula sainples because tlie mean 
ages at \vhich black rat snakes begin using 
communal hibernacula in our population 
is 8.3 1.r for rnales and 9.6 yr for fernales 
( ~ l o u i n - ~ e m e r s ,Prior, and jveatherhead, 
unpublished data). A comparison of sam- 
ples collected by kr7o different methods 
can tell us whether the methods produce 
different demographic patterns but not 
which method, if either, provides saiilples 
that are representative of the population. 
However. it is possible to use recapture 
data to assess biases in both sampling 
methods. If a rnethod is biased toward 
capturing a particular class of snakes, then 
inclividuals in that class should be recap- 
tured at shorter inten-als relative to indi- 
\<duals in other classes. Arriong opportu- 
nistic samples, we expected that larger 
snakes should be recaptured at shorter in- 
t e n d s  than sinaller snakes because the 
former sliould be seen inore easily, and 
arnong sexually ]nature individuals, males 
sllould be recaptured at shorter intervals 
because tlie)? tend to be more active than 
females (LT'eatherhead and Hoysak, 1989). 
\17e expected that samples at a hibernac- 
ul~inl should be representative of the hi- 
bernaculu~il population. Thus, recapture 
intervals at hibernacula should not vary 
consistently with the size or sex of individ- 
uals. 

ma\ vary substantially. Determining the 
extent to \vhich dernographic profiles of 
samples from different hibernacula van is 
important because hibernacula will pro- 
vide excellent opportunities for long-term 
population nionitoring if there IS little Lar- 
iation among them. Our second olyecti~e 
\vas to compare den~ograpliic profile5 from 
se\-era1 different hibernacula in the same 
area to assess the extent to which tllev 
\,a?, and whether that variation \{,as relat- 
ed to the number of snakes sampled at a 
hibernaculum. 1%also tested the assump- 
tion underlying this ol>jective, that once a 
snake finds a hibernaculum, it rerilains 
faithful to that site for tlie rest of its life. 

Our final objective was to compare the 
deii~ographic profile of our study popula- 
tion wit11 a wrofile nreviouslv uublished for 

I L . l 
a uidely separated population of black rat 
snakes sa~nnled with a different techniaue. 

L I 


\T7e generated tlie demographic profile for 
our Ontario population by cornbilling saln- 
ples from cornii~unal llibernacula ~ i t h  in-
dividuals not caught at the hiberriacula but 
captured opportunistically in the ~icinity of 
the hibernacula the same year. The second 
population, studied by Stickel et al. (1980) 
in Maryland, was only sairipled opportu- 
nistically, and primarily bv field workers 
conducting projects on &a other than 
snakes (unlike the Ontario samwles). Given 

1 


the differences in ho\v samples were ob- 
tained in each population, \ve expected 
that, relative to our Ontario samnles. the 

I 


sai~lples from M a ~ l a n d  would be biased 
toward larger snakes. 

M.~TERIALSAND METHODS 
\Ye sainwled black rat snakes from hi- 

bernacula at four locations in eastern On- 
tario: Queen's University Biological Station 
(QUBS; 11 hibernacula, 1981-1996 and 
1996-1998, depending on the hibernacu- 
lum), Murphy's Point Pro\incial Park (two 
hibernacula, 1992-1994), La Rue Mills 
(one liibernaculurn, 1992-1994), and Hill 
Island (ht7o hibernacula, 1984-1997). All 



hibernacula had been located previously 
by tracking snakes implanted with radio- 
transmitters. \b7e used three different tech- 
niques to catch snakes at hibernacula. 
First, we enclosed llibernacula openings 
\i,lth 1.5m high perimeter fences made of 
plastic sheeting fixed to a wooden frame. 
\Ve buried the bottom edge of the plastic 
and placeti a fiinnel trap along the fence. 
Second, we used drift fences near hiber- 
nacula when the terrain prevented 11s from 
surrounding the openings with a perimeter 
fence. Drift fences \irere similar to perirn- 
eter fences, but they were linear rather 
than circular and typically had a funnel 
trap at each end. Tliird, beca~ise black rat 
snakes often bask close to hibernacula fbr 
several days alter emerging, \ve carefully 
searched the ground and trees around 
each hibernaculum on each visit to find 
snakes that had avoided the traps. We con- 
structed fences and initiated daily scarches 
in early April, prior to the start of emer- 
gence, and ending late May, when emer-
gence was completed (Blouin-Derners et 
al., 2000). 

QUBS was wethe only site at ~v l~ ich  
captured snakes opportunistically. IC'e 
made these captures during the active sea- 
son (May through September) away from 
hibernacula. The opportunistic captures 
consist of a long-term and a short-term 
sample. CVe collected the long-term sam- 
ple frorn 1981-1995 in a 7-ha study area 
that we refer to as Station Point. A telern- 
etry study had indicated that rat sn. ak es in 
this study area hibernated in one of two 
local hibernacula (\Veatherhead and Hov- 
sak, 1989). The short-term opportunistic 
sample was collected frorn 1996-1998 in a 
1600-ha study area wit11 11 known hiber- 
nacula. This larger study area included 
Station Point and its two hibernacula. 

IVe processed snakes captured at all 
sites in a similar manner. \Ve determined 
a snake's sex by gently probing for the 
presence of heinipenes. M7e measured 
snout-vent length (SLTL) to the nearest 1 
mm with a metric tape and mass to the 
nearest 1g with a calibrated spring-scale. 
We marked each snake individually by 
heat-branding caudal scutes (1981-1991) 
or by PIT-tagging (1992-1998), except at 

Murphy's Point Provincial Park where 
snakes \\,ere never marked. M'e released 
snakes within 24 11 at their uoint of can- 

I !. 

ture. All protocols were approved by the 
Chrleton University Animal Care Cornrnit- 
tee. 

\I-e useti the hibernac~ila captures sup- 
plemented with opport~lnistic captures 
from 1981-1998 at Station Point for corn- 
parison with samples from a population in 
Maryland. For the Station Point data, our 
annual samples consisted of all snakes cap- 
tured at the two local hibernac~lla plus a19 
additional individuals captured opportu- 
nisticallv within the Station Point studv 
area. ~ h u s .  an individual cautured at a hi- 
ben~aculum and opportunisticall\- mas only 
represented once in an annual \ample. \Ye 
combined the annual samples to produce 
our overall population sairlple (see below). 
For the Maryland population, we ol~taii~ed 
original capture records from the study by 
Stickel et al. (1980) at the Patuxent \T7ild- 
life Research Center (L. Garrett. personal 
comnlunication). 

For manv of our analvses. we either had 
to combin; samnles obtained from a uar- 

I 

ticular location over multiple years or corn- 
bine samples obtained by a particular sarn- 
pling technique over rnultiple years. To do 
so, we simply combined all the annual 
sanlules frorn a uarticular localitv into a 
sin& pooled and, lik&iise. wes a h ~ ~ l e  
pooled the annual samples obtained by 
different saillpling techniques at a gi\,en 
locality. With the exception of our analysis 
of recapture latencies (days between cap- 
tures), we only used data obtained from an 
individuals' first cauture each vear. How- 

I 


ever, data from indiciduals recautured in 
I 


successive years m7ere included each year 
in \vllich they were captured, thereby 
treating each year as an independent sam<- 
ple of the population. Had we excluded 
reca~tures in successive vears. our sanmle 
wouid have become progressively t)iakd 
to\vards smaller snakes (i.e., individuals 
captured for the first time), anti thus 
would not have been representative of the 
uouulat' ion. 
L I 


To demographic structure, it7e 



categorized indivicluals into four size-clas- 
ses. Male and female black rat snakes in 
our population rnature at 1050 mrii SVL 
(Hlouin-Demers ancl \\Teatherhead, un-
published data), so we used this size cri- 
terion to first divide the snakes into ma- 
tiire or immature. \17e then divitled each 
of these hvo classes in hvo, with the divi- 
sioi~s intended to produce synlmetrical 
size classes and a reasonable balance of 
sample sizes in each class. This produced 
t11c Following four size classes: (1)250-799 
nlrn SVL, (2) 800-1049 rniri SYL, (3) 
1030-1299 mrn SLrL, and (4) 1300-1800 
rrirri SI'L. \Ve calculated sex ratios as the 
percentage of fei~~ales in a sample of in- 
dividuals. 

For analyses of recapture latencies, we 
used the opportunistic captures at Station 
Point, 1\7llich we had sampled frorri 1981- 
1998, and data from one hibernacdum at 
Station Point (Curtis) and one at Hill Is- 
land (Lower I-Iill). These hibernacula had 
been sarnpled continuously fro111 1981- 
1998 and 1984-1 997. respectively. We de- 
fined recapture latency as the number of 
days that a snake could potentially have 
been recaptured between its first and sec- 
oi-~dcaptures. Calcl~lation of recapture la- 
tencies for opport~lnistic captures required 
excluding the periods that snakes were in 
hibernacula or errierging from hibernacu- 
la. Hiberrlatio~l in our study area lasts from 
early October to 111id-~pril (approximately 
190 days: 'IVeatherliead, 1989) and spring 
emergence lasts an al7erage of 40 days 
(Blouin-Derners et al., 2000). Thus. the 
active season (from the end of einergence 
to the start of hibernation) is approximate- 
ly 135 days. Therefore, for opportunistic 
captures between years, we calc~llated re- 
capture latency as the number of days be- 
hvcen ht70successive captures minus 230 
days per year (number of days in hiber- 
nation ancl emergence). For hibernacula 
captures betwee11 years, wt7e estimated re- 
capture latency as the number of days be- 
tween the successive captures nlinns 325 
clavs per year (the number of days in hi- 
bernation plus the number of days in the 
active season). It7e used ANCOLIA to de- 
ternline whether recapture 1att.ncies dif- 

fered by sex or size, or by some interaction 
between these two variables. 

To determine the extent of dernographic 
variation among liibernacula, we used con- 
tingency table analyses to compare size 
distributions and sex ratios ar~iong sam- 
ples. M7e conducted these analyses 611 hvo 
groups of' hibernacula. First, wsre compared 
seIren broadly distributeel liibernacula 
(rn2tximun1 distance approximately 50 km) 
sampled fro111 1992-1994 (hvo hibernacula 
each at Station Point, Murphy's Point, and 
Elill Island, and one hil~ernaculum at La 
Rue Mills). Second, we conlparccl a com- 
plex of six neigli1)oring hibernacula (nzax- 
imum distance approximately 6 Ian) at 
QUBS sampled from 1996-1998. To de- 
tersnine wvllether variation in demographic 
coniposition among hibernacula varied as 
a fiinction of the number of sn. kes sam- 
pled, wf7e first calculated the mean number 
of snakes captured at a site across years. 
\TTe then calculated the difference be-
tween the mean SVL of all black rat snakes 
captured at each hibernaculum and the 
mean SI7L across all hibernacula. Similar- 
ly, n7e calculatecl the difference between 
file sex ratio of each I~ibernaculuni and the 
o\,erall sex ratio across all hiber~iacula. \\'e 
then used linear regression to determine 
if the magnitude of these deviations (i.e., 
the absolute 1-alues of the differences) was 
related to lirean sample sizes. 

In predicting that smaller hiber~iacula 
will  be less representative of the overall 
population because of sampling cffccts, we 
have assumed that once a snake begins us- 
ing a comn~unal hibernaculum, it remains 
faithful to that site for the rest of its life. 
\4Te assessed this assumption by quantify- 
ing rnoven~ent b e h ~ ~ e e n  sites, using long- 
tern1 recapture data froin two pairs of 
nearby hibernacula at Station Point and 
Hill Island. ,4t Station Point, Curtis ancl 
Cow Island hibernacula were 1.2 km apart, 
and at Hill Island, Lower Will and Upper 
Hill hibernacula were 1 km apart. 

\Ve checked all data for non-normality 
and heteroscedasticity of variance using 
box plots. \T7e applied a natural logarithm 
transformation to the recapture latency 
data to meet the normality assumption. 
II'e conducted statistical tests using JMP 



version 3.0 sofbvare package for the Mac- 
intosh (SAS Institute, 1994). \Ye reported 
all trleans with +- 1 SE. 

Long- and short-term fiel&ilork across 
all our study sites prod~icecl 1'721 captures 
(i~lcllidilrg recaptures) from QUBS (518 
individuals captt~red 1051 times, 1981-
1998), Xlurphv's Poirlt (unmarked indixid-
uals captured. 174 times, 1992-1994), La Size ciass (mmi
Rile Mills (41 individuals capturtd 65 
times, 1992-1994), and Hill Island (178 in- 
divid~~alscaptured 434 times, 1982-1997). 

Opportrtnzsfzc z errus Hzhert~nczila 

Cnptut-rr 


S i ~ e  dlstributlorls estimated from op- . 
portun~stic captures differed sigii~ficautl~ 
from those estimated froin captures at 111- 30 

bernacula, both for the long-term samples i '" from Station Point and for short-terin data 
fro111 the larger QUBS study area Hoxi-
excl; tve captured fewer slmall ~ndi\qduals 
at lliber~laculd in the long-term snn~ples ( n  
= 322, x2 = 27.90, df = 3,  P < 0.001, Fig 

1(?50 799) 2 (800 1049) 

1)ant3 more small ~ndi\~dnals 
iize cia,, (mml

at 111bernac- 
ula the sllort-terI,, salnple5 = 747, X? FIC.1-\A) Long term .;ire structilre of hlath rat 

srtakei sampled opporturii~t~call\ cfillcdi a id  at hl- 
= 34 "7 'Ir = '; O.OO1, Fig ') The 
dlffercnce I3eb7ee13 the long- cilld short- 

be~iin<tll,i :c,pcnl at \ t a t~or~l'omt fro111 1851-1995 
( B )  'iltort-term i17e stntcturr of opportrlnist~r (fillecl\ 

tern1 results appears to be pnil-raril!, a con- xrrsnc h~brrnac~tla-b,rieti(optw) c'tptrlres at QCB5 
secpence of a difference 111 the opportu- f t m  1996-199h 

n~stlc captures TZ7e found s~gnificant d ~ f -  
ferences btltween the long- nnd 5hol.t-term 
hiherrlacula samples ( i z  = 732, x2= 8.85, Rccnpture Lnteizc~j 
df = 3, P Artio~~g= 0 03) arid betmeen the long- opportunistic samples from Sta- 
and short-term opportmnstic saniples (r.1 = tion Point, latencj to recapture relati~e to 
537, X' = 54 54, df = 3, P < 0 001) How- size did not differ behireen the sexes (rex 
eler, the nlagu~tude of the difference was x S\'L interaction, F = 0 50 df = 1,87,P 
1nuc1-1 greater arnong the opportunistic. = 0 38) Thus, contran to ollr predlctlon, 
samples, there were inorc large itrdl\id~~als there n,rs no ebiderlce of a hias to\iarcl 
In the short-term opportuulrtic samples capturing sexuallv itlature males \li.re-
tharl In the long-te~m opportunist~c sam- mo\ ed the sex x S\'L mteraction term 
ples from the final model ant1 as~essed the slg- 

One reason that large ~ndividual\ miere n~ficance of the 111ain effects As predlctect. 
more prevalent in the short-term samplcs recapture irltenals were significantlv lon- 
1n;t) be th'it man\ more were cnpttlred as ger for ymaller snake5 (F = 4 21, (If = 
a lesult of being seen 011 roads 11) re- 1,S8,P = 0.04, Ftg. 2) Recapture intenals 
searcher5 commuttng to strlcl> sites, 60 0% ditl not tliffer sign~ficatltly hchvee~l males 
of short-terin opportun~st~c captures were arld fc~nales ( F  = 134, df = 1.88, P = 
on roads cornpared to onlj 3.3 7% of long- O 2.5, F I ~  2). 
terrrl captures At Ctrrtis h~hcrnacrllurn, tlie ~rlteractioll 

between size and sex was 11ot significant (F 
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FIG."-Latency to rec;iptilre as a function of size 
for fer~~;lle(filled circles, solid line) and male (open 
circles, dashrd line) black rat snakcs in the (-4) op-
portunistic samples at QUBS, (B)  l~ibernacula sam- 
ples at QCBS. and ( C )  hibernacula sarnples at Hill 
Island. 

= 0.49, df = 1,136, P = 0.49). In the re- 
duced model, latency to recapture did not 
differ significantly between the sexes \F = 
0.01, df = 1,137, P = 0.91;Fig. 2)  or differ 
with size (F = 1.23, df = 1,137, P = 0.27; 
Fig. 2) .  Similarly, arnong samples from the 
Lower Hill hibernaculum, the Interaction 
behveen sex and size \\as not rignificant (F 
= 0.30, df = 1,66, P = 0.59). In the re- 
duced model, recapt~ire intervals did not 
differ between males and females (F = 
0.08. df = 1,67, P = 0.78; Fig. 2 )  or b j  

size (F = 0.89, df = 1,67, P = 0.35: Fig. 
2) .  

The population over all the hiberrlacula 
u7as predominantly sexually mature adults 
(overall lneaii = 62.8 ? 13.1% 'cmature), 
although the range in the proportion of 
adults at each hiberrlaculum was quite 
broad (42-86%; Tables 1. 2) .  The sex-com- 
position of all hibernacula populs t' a Ions var- 
ied from 31-64% females, with an overall 
rnean of 46.7 + 10.5% fernales (Table 1).  
Among the seven widely spaced hibernac- 
ula sanipled frorn 199Z-1994, \17e found 
sigrlificailt differences in the distribution 
of snakes amorig size classes (n = 430, X' 
= 73.76, df = 18, P < 0.001) but no sig-
nificant differences in sex composition ( n  
= 434, X' = 10.92, df = 6,  P = 0.09). 
Among the six neighboring hiberliacula 
sampled from 1996-1998 at QUBS, distri- 
bution arllong size classes differed signifi- 
cantly (n = 363, X" 27.84, df = 15, P = 
0.02). as did sex coinposition (n  = 363, X' 
= 17.86, df = 5, P = 0.003). 

De\7iation in mean SYL f'or individual 
hibernacula fro111 the o\rerall mean \ d u e  
across hibernacula did not \Jan. significant- 
ly with the number of' snakes sar~lpletl at a 
lliberrlaculum (F = 4.05, df = 1,lO. P = 
0.07, r = 0.539). Similarly, we fouricl no 
significant variation between tlie devi, at' lon 
in sex ratio fro111 the overall mean arid the 
number of snakes sampled at a hibernac- 
ulum (F = 0.98, df = 1,10, P = 0.34, r = 

-0.300). 

Site Firlclitij 
'/Ye recaptured 375 individuals 663 

times at ISVO pairs of hibernacula. Six in- 
dividuals (1.6%),which accounted for 14 
recaptures (2.1%).were captured at two 
hibernacula each. All of these movements 
between hibernacula occurred between 
Lower Hill and Upper Hill. Five of the six 
snakes were sexually mature, and all but 
one (including the immature indi\~idual) 
were males. Among all the other Iliber- 
nacula that we sa~nplect, \ve have no other 
instance of an individual nioving between 
sites. Thus, rat snakes in our study popu- 
lation appear \,em faithful to hibernacula. 
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T;\BLEI .-Nuinher of indi\iduals per size class (rllrn SVL1 arid number of fetrlales (percent of total in 
parrnthrscs) in seven 1,lack rat snake hibernucula sa~npled from 1992-1994 in Ontario (maximum distance 

behveen h ~ o  hiber-nacula approsi~natcly 50 km). 

hlurphy's Point 
Hydro 6 (4.6) 13 (9.9) 59 (44.7) 
Sil\-er Qiiee~i 3 (7.3) 7 (17.11 17 (41.5) 

Station Point 
Cow lslarrd 1 (3.6) 5 (17.9) 20 (71.4) 
Curtis 9 (11 .1)  21 (23.9) 43 (53.1) 

Hill Island 

r p p e r  Hill 3 (12.9) I0 (41.7) 9 (37.5) 
Lower IIill 1 (6.9) IS (31.0) 31 (53.5) 

La Rue Mills 
La ELI?41ill~ 3 (3.6) 25 (37.9) 20 (30.31 

although on rare occasions indil-iduals 
mo\-e between nearby sites. 

Kilo\vledge of the demographic corn-
Variation anzong Populatinn.~ position of a population is fundamental to 

The distribution of black rat snakes in understanding the ecology of this popula- 

the four size classes differed significantly tion. However, total counts of animal pop- 

beht-een our population (i.e., hibernacuh ulations (that would yield a "true" demo- 

samples plus additional opportunistic cap- graphic composition) are rarely possible 

tures from Station Point) and the popula- and researchers usually have to rely on sta- 

tion in R/lai?;lancl ( r l  = 836, X" 1134.75, tistical estimates of population paranieters 

df = 3, P < 0.001). The Station Point pop- (Lancia et al., 1994). These estimates are 
ulation was characterized by an increase in approximations and are based on popula- 
the percentage of incii\.iduals in size-clas- tion models that require a certain set of 
ses one through three (up to 1300 mm assumptions. Departure from these as-
SVL), follo\ved bv a s11ai-p decline in the sumptions bias the parameter esti-
percentage in size-class four (21300 nlln mates, often in unkno\vn ways, depending 
SVL). The Maryland population was char- on which assumptions are violated and on 
acterizctl b>r a strong bias toward large ho\v thev are violated (Minta and Mangel, 
snakes (Fig. 3 ) .  Sei  ratios also varied 1989). o n e  assurllptiori coininoll to most 
among populatioi~s At Station Point, the population models is that capture proha- 
sex ratio m7as alillost 1:1 (49.6% females), bilities should be homogeneous both for 
\vhile there was a proi~ol~nced different indix'iduals and for different cap- inale bias in 
the Mail-land (36.4%' females) population. ture periods (Pollock et al., 1990). To help 

TABL,E2.-Ktnnher of indi\idllals per size class (min SVL) and riurnber of females (percent of total m 
parenthesrs! in sir black rat snake hibernacl~la sampled frorn 1996-1998 at QUBS \rnasirnum distance he- 

tween hvo hiherriacula approximately 6 km). 

L"L'LllL, 

Hihrniacul~~nc 2i0-7Lj9 400-1018 1050-1999 1.300-1b00 Fernales Tot,rl 

Bedfbrd 
Curtis 

3 (lCi.0) 
7 (J.2.71 

7 (28.0) 
10 (18.2) 

13 (52.0) 
30 (54.6) 

1 (4.0) 
8 (14.6) 

16 (64.0) 
19 (34.31 

2.5 
35 

Dowsley 26 (21.1) 37 (34.3) 39 (36.1) 6 (5.6) 47 (43.5) 108 
Garter Lake 7 (17.1) 11 (26.8) 20 (48.8) 3 (7.3) 24 (38.5) 41 
Old Rideall Trail 5 (13.2) 12 (31.6) 15 (39.3) 6 (15.8) 21 (55.3) 38 
T~vo Islaritl Lake 6 (6.3) 24 (25.0) 31 (53.1) 15 (13.6) 30 (31.3) 96 

http:1134.75
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1 (250-799) 2 (800-1049) 3 (1050-12991 4 11300-1800) 

Size class (mm) 

FIG.3.-Size structure of captures in Ontario (in-
tensive field work, open) and blaryland (incidental 
encounters. filled). 

relax or satisfy this assumption, it has been 
recoinmended to use rnore than one cap- 
ture method (Minta and Mangel, 1989). 
For especially secretive animals like 
snakes, obtaining accurate estimates of ba- 
sic population parameters is often difficult 
(Parker and Plummer, 1987) because cap- 
ture probabilities are very low and proba- 
bly heterogeneous. Potentially even more 
~roblematic is that the estimates of these 
~arameters that are obtained mav be bi- 
k e d  in ways that are unknown 'because 
few quantitative data are available on sam- 
pling biases for snakes. Unknown biases 
can result in incorrect inferences about the 
population. In this study, we showed that 
different sampling methods produced dif- 
ferent demographic profiles of the same 
population of black rat snakes, and prob- 
ably produced incorrect profiles of differ- 
ent rat snake populations. \ITe first discuss 
our specific results and then consider ho\v 
these problems should be addressed in the 
future. 

\k7e predicted that larger snakes should 
be over-represented in opportunistic sam- 
ples simply because they are inore likely 
to be seen and that larcle males should be 

'3 

more visible than large females because 
they are more active than large females 
(Weatherhead and Hoysak, 1989). Larger 
snakes were recaptured Inore frequently 
than sinaller snakes. confirinincl the first 

'3 

prediction, but contrary to the second pre- 
diction, recapture intervals did not differ 
between males and females. Further~nore, 
because the interaction behireen size and 

sex was not significant, our expectation 
that large, reproductive males should be 
recaptured more because they are more 
active was not supported. Thus, our op-
portunistic captures were representative in 
terms of sex, but disproportionately sam- 
pled larger snakes. One apparent bias as- 
sociated with opportunistic sainples that 
we had not anticipated was the greater 
representation of large snakes in the short- 
term QURS samples cornpared to the 
long-term samples from Station Point. The 
fact that nearlv hvice as inanv snakes in the 
former sainple \irere encountered by re-
searchers dri\ing on roads suggests two 
possibilities. Either srnall rat snakes cross 
roads less oftell than large rat snakes, or 
slllall snakes are more difficult to see by 
someone driving. W7hatever the explana- 
tion, these results indicate that opportu- 
nistic samples are not only biased, but that 
different kinds of opportunistic sairiples 
(i.e., snakes seen n41ile walking versus 
driving) ma) ha\ \e substantially different 
biases. 

\Ire expected that our samples of snakes 
captured emerging frorn a given hibernac- 
ulum would not be biased b~r  size or sex 
but, rather, would be represe*tati\ e of that 
hibernaculum's population. Consistent 
with this expectation, our analysis of re-
capture intemals for hibernacula sainples 
revealed no effect of s i ~ e  or sex. Never- 
theless, lvlvllile \i7e found that hibernacula 
samples \\.ere representative of hibernac- 
ula populations, we did not expect thein to 
be a true reflection of local populations. 
Rat snakes lay their eggs remote froln 
comnlunal hibernaclila, and young rat 
snakes often take illany years before they 
hibernate in these sites (G.  Blouin-De-
mers, unpublished data). \17e had no in-
dependent way to test the prediction that 
large snakes should be over-represented in 
hibernacula sainples relative to the local 
population. Ho\vevel; long-term sainples 
from Station Point indicated that there 
were proportionately inore large snakes in 
hibernacula samples than in opportunistic 
samples. Because we deinonstrated that 
opp6rtunistic captures disproportionatel) 
sampled large snakes. it follows that hi- 

L, 


berriacula populations must also be biased 



toward large snakes, relative to the local 
population. 

Our evidence that hibernacula samples 
were unbiased relative to hibernacula pop- 
ulations, and that individuals were veiy 
faithful to a hibernaculmn, supports the 
contention that sainpling at hibernacula 
night be the best way to sample rat snake 

populations. However, in addition to the 
under-representation of sinall snakes in hi- 
bernaclila discussed above, we also found 
substantial variation in the demograpl-iic 
profiles of different hibernacula. Sanlpling 
at a single llibernaculnm, regardless of 
size, could result in unreliable estimates of 
the age or sex composition of the local 
population. 

Our comparison of rat snakes in Ontario 
with a population in Masyland (Stickel et 
al., 1980)produced two vesy different pro- 
files. This difference could be a conse-
quence of real demographic differences 
among the populations, differences in 
sampling techniques, or both. Without 
knowing tlie true profiles of each popula- 
tion, M ~ C can~lot determine which expla-
nation is correct. HoLvever, there is some 
basis for concluding that sampling biases 
were likely to ha\.e bee11 important. The 
profile for the Ontario population was 
based on hibernacula samples plus addi- 
tional snakes captured opportunisticall>: 
E\,en though opportunistic captures are 
biased toward larger snakes, sniall snakes 
are captured, and these are the individuals 
that were under-represented in the hiber- 
nacula samples. Therefore, because our 
Ontario sample was obtained by two meth-
ods, it sliould have been more represen- 
tative than a profile based on only one 
sampling technique (hlinta and Mangel, 
1989). The Mawland population was only 
sampled opport;inistically. Consistent with 
the bias of opportunistic captures toward 
larger snakes, the Maryland population 
was ver>. strongly biased toward large in- 
dividuals. Deniograpllic information is also 
available for one additional black rat snake 
population. Fitch (1961, 1963) studied 
black rat snakes in Kansas and the majority 
of captures were obtained by "funnel traps 
primarily made and set for small snakes 
(which) were not highly effective for the 

capture of large adult rat snakes" (Fitch 
1963:650).Consistent with this recognized 
bias, the samples were strongly biased to- 
ward small snakes (Fitcll, 1961). 

Given the likelihood that sampling bi- 
ases contributed to the demographic dif- 
ferences between the three populations, 
uncritical use of these data could produce 
misleading outcomes. Parker and Plum- 
mer (1987) reviewed tlle available data on 
size and age composition of snake popu- 
lations from a sun~ey of the literature. 
They included the data fro111 Kansas and 
Maryland for black rat snakes in that re- 
view. If other studies in Parker ancl Plum- 
rner's (1987) review \\rere as Drone to sam- 
pling biases as the black rat snake studies, 
then attempts to derive general insights 
into snake dernograpl~y fron~ this review 
are Iikelj. to fail. Our point here is not to 
criticize Parker and Phimmer's review, but 
rather to urge caution in how those data 
are used. 

Our results suggest several consider-
ations for future population sampling and 
monitoring. In the specific case of black 
rat snakes, sainpling >it hibernacula is tlie 
easiest m7av to canture a reasonable nurn- 

r' L 

ber of snakes in a relativelv short time. and 
i 

one can resainple the same site and safely 
asstune that the same population is being 
re-sa~n~led.However, the fewer hibernac- 
ula that are sampled, the less representa- 
tive of the local population the samples are 
likely to he. Opportunistic samples of the 
sarnk population can co~nplernent hiber- 
nacula samules, but on their own these 
sarnples may be unreliable, particl~larly if 
different ways of encourltering snakes 
(e.g., walking versus driving) are used with 
varying emphasis. Finally, one must re-
main aware that voung snakes are under- , \,
representecf in both hibernacula and on- 
por-tunistic samples, a problem of long 
standing in snake population biology 
(Parker and Plurnrne~; 1987). 

Our results have implications for Sam- 
pling other snake species, in addition to 
reinforcing

c> 
the "general calTeat that one 

needs to be aware of potential biases. 
Black rat snakes are typical of the majority 
of species that over-winter comrn~inall>, in 
that hibernacula populations were corn-

L 
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prised largely of' adults (Gregory, 1984). 
Thus, sampling similar snake species at hi- 
bernacula is likely to offer the sarne prob- 
lems and benefits. Even better for accu- 
rate sainpling at hibernacula will be spe- 
cies such as those rattlesnakes for whicll 
qestation and over-wintering sites are rel- 
atively close (0-100 m apart: e.g., Duvall 
et al., 198.5; Gannon and Secov, 1985). Be- 
cause this allows neonates to.attend com- 
inunal hibernacula (Charland, 1989; Gal-
ligan and Dunson, 1979),hibernacula sam- 
ples will include younger snakes. 

..ickr~orclcdgii~c~~~t~~.-hIorepeople lielpecl in data 
collection o\.er the years t l~an \ve can list here. 
A~nong the rnost diligent snake catchers were K .  411-

drr\rs, 6. Brown, K. Kissiler. J .  Leggo. H. hfc-
Cracken. T. Ta>.lor. and C. Verrcault. \\eare indebted 
to ~nanageil~cnt and staff at St. Laxvrence Islancls Na- 
tioiial Park aiid .2.1urph>k Point Pro\illcial Park for 
allo\virig 11s access to hihrrnacula 011park land and to 
thr Queeni University Biological Station for logistical 
support. \\+ tlrallk L. Garrett for providing tlie cap- 
t i re  records for the hlanland population. Funding 
for this research \\-as pro\idcd by Parks Carlada and 
a NSEKC research grant to P J.  \Yeatlierheacl. C:. 
Bloi~in-Delners is supportetl hy a NSERC postgrad- 
uate scl~olarsliip. and K. -4. Prior was supportetl b!-
an Ontario Graduate Scllolarship. 
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