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TO 

FROM 

UNITED STATES GOVERNMENT 

1lfemorandum 
Refuge Manager, Blackwater Refuge 

Assistant Regional Supervisor, Division of Refuges, 
Atlanta 

DATE: September 28, 1970 

SUBJECT: Squirrel population estimates derived from live trapping data 

!010-108 

Attached find a reprint of an article from the Journal of Wildlife 
Management entitled "Estimating Squirrel Abundance from Live Trapping 
Data" by Nixon, Edwards and Eberhardt. The material contained in this 
reprint may be useful to you in carrying out the proposed wildlife 
management study on the Delmarva Peninsula Fox Squirrel. 

-w,,d;,,,o.~ 
Walter O. Stieglitz 

Join the Safety Generation 

Buy U.S. Savings Bonds Regularly on the Payroll Savings Plan 
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ESTIMATING SQUIRREL ABUNDANCE FROM 
LIVETRAPPING DATA1 

CHARLES .f,,\. NIXON,. Ohio Division· _61 Wildlife, New M9rshfi.eld .. 

WILLIAM R. eDWARDS;. ill1nois Natural History Survey, Urbano 

LEE _EBEl!H/iRDT,. Biology De'par;ment, ~qtt~ll!l Northwest; '.Ri~hJ~nd,. Was~ingfon 

.\bsiiact: . Estir~ate~ ~f· s~uirref ~Sci~m,s c~~ilin~~.iis ~n;£ S'. niger) abu1~da~~e \~er~ ·.ded-;~·d .fro~ ;e~ernl: 
methorls of population estimation applied to data obtained hy lh·ctrapping squirrels on the v,·aterloo 
Wildlife Experiment Station in southeastern Ohio, l 962 and 1963. The 'frequency of capture of marked 
squirrels suggests that the probability of capture is not the same for all squirrels; as a result, a trapped 
sample typically contains a disproportionately high number of recaptures. Thus, the multiple census 
methods of Schnabel and of Schumacher produced estimates lower than the number of animals con­
sidered to comprise the population. Frequency of capture approximated the geometric distribution. The 
simplified equation for maximum likelihood estimation (i\!LE) for the geometric distribution, presented 
in 1967 by Edwards and Eberhardt, appeared useful for estimating squirrel abundance from livetrap­
ping data, although estimates tended to be somewhat high. The intercept of a line fitted to a logarith­
n,;[' plot of data on the frequency of capture, using linear regression techniques, gave what appeared to 
be adequate approximations of the numbers of squirrels in the zero ( uncaptured) class. Although esti­
mates derived frcm M 1 .F. for the geometric distribution and from linear regression are based on assump­
tion: no( £trictly £ulfilled b:• the clata, these methods should prove useful until better techniques are 
devdoped. MLE for i:ne Poiss01, J;a,ribution appeared to underestimate the zero class. Similarities in 
results cf enluations :;~ Lechniqucs of popt.htim, estimation for squirrels and rabbits suggest that fur­
ther research on population est:;;-,r.~;uu may provide findings applicable to a variety of species. 

A primary method of estimating popula­
tion" of squirrels has been the use of ratios 
0£ marked to unmarked, the well-known 
Peter::A•', v1 Li,...~-J'.:1 Tnrlpx '"'1ct1-:od (Davie 
19S3:1"';';, This method is satisfacto;-y pro-

1 A contribution from FedC'ral Aid in \Vi)rllife 
Restoration Project Oliio \V-10.3-R, the U.S. B11r_au 
of Sport Fisheries and \\'ilcllifc and the Ohio De­
partment of l\atural l\csourt"t'>, cooperating. 

\York performed in part undC'c contrad AT( 4:,-
1)-1350 between the Atomic Encr.'~Y C:ommis,iu.i 
and the General Electric Com;;iany. 

vicled ( 1) that sample sizes are adequate 
and ( 2) that the samples used to estimate 
the marked to unmarked ratios are un­
biased. The multiple censuses of Schnabel 
( 1938), and of Schumacher ( Schumacher 
and Eschmeycr 1943), were developed to 
estimate fish populations and have been 
used extensively in the census of small 
mammals. Our concern in the following 
analysis was the accuracy of these multiple 
census techniques for estimating squirrel 
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populations and the possible application 
oi methocls of estimatio:.l :;..10b;:;:;tcJ fu1 <:0l­
tontafo: (~)dlagus floridanus) by Edwards 
and Eberh.:rdt ( 1967). Our objective was 
to determine an adeeiuate estimating tech-

Tobie l. Summary of captures for computing populotion 
estimates, using ·the methods of Schnabel (1938) and Schu­
macher and Eschmeyer (1943), from data obtained by 
livetropping squirrels on the Waterloo Wildlife Experiment 
Station, Athens County, Ohio, 1962 and 1963. 

No. 
No. RECAP- MARKED 

YEAR TRAP DAY CAUGHT TURES IN POPU-

c, R, LATIOS 
M, 

nique which wouJd not require use of sam­
ples of squirrels killed by hunters or ob­
served on transects.· We wished to evaluate. 

I 1962 
estimates derived from livetrapping data 

1 22 0 0 
2 13 7 22 

because livetr~pping requires the activities 
of only one or two men for a relatively 
,short period of time. . 

3 15 10 28 
4 10 5 33 
5 6 5 38 
6 5 3 ·39 
7 15 10 41 
8 11 6 46 
9 . 18 8 51 

.10 8· ·7 61 

\Ve wish to express our appreciation to 
the personnel at the Waterloo Wildlife Ex­

. · periinent Station ,xho assisted in the sgllir-
. rel trapping° and .operation of hunter check-· .. 

·· .. iii°g stations, ·and·to Mrs. 'Helen.C. Schultz· .. · 
· arid Dt. Glen c: Sa~1d~rson 'Qf the Secfion · 196~ · 
of W'il<l1i£e ·Research, Illinois Natural His-

. 11 

Totals· 

·16 10 62 

·. 139 .71 68 

.·.· tory Suivey, for critically reading the maim~· 
script. 

METHODS 

The study area occupied 237 acres of 
continuous forest habitat on the 1,250-acre 
Waterloo Wildlife Experiment Station, 
i. them, County, Ohio. The area is part of 
the low hills portion of tl1P. mixed mesophytic 
foresl 1,,.~iu:n i11 ungiaciated southeastern 
Ohio. Buth fcA and gray squirrd:, uccur on 
the area, wii.h gr~y squirrels C01ilpri~in;; 

about 85 percent of the squirrel population. 
The timber stands tend to be even aged, 
averaging 65 years. 

The stuJy area was gridded on a 3 X 3-
chair: mtprv;:il, · .. it.h ~ •rap plar~·rl nt the 
,';sL~"'tio~1 "' ,~1e trapper within a %-ac1 3 
plot surrounding each point of intersect. 
The resulting trap density was essentially 
one ( 0.96) trap per acre. Traps used \\'ere 
those described by Baumgartner ( 1910), 
modified with a galrnnizecl metal inner 
lining to prevent chewing out. Traps were 
baited with English walnuts for 10 days 

J. 38 0 o .. 
·2: ~ 19 38 
3 31 23 4& 
4 H3 13' 56 
5 20 19 59 
6 18 17 60 
7 17 14 61 
8 19 13 64 
9 16 14 70 

10 14 14 72 
11 5 5 72 

Totals 223 151 72 

before each trapping period as well as each 
clay of trapping. 

Trapping was done for 11 consecutive 
days in August and September, 1962 and 
1963, just before the hunting season. All 
squirrels captured were car-tagged and re­
leased at their points of capture. Hunters 
were required to check in and out of the 
E.,periment Station, present their game for 
examination at the checking station, and 
report the locations where squirrels were 
Jagged. Squirrels killed by the hunters 
en the study area provided a sample of 
a:1imals for which the marked to unmarked 
ratio U)..:lcl be dctennincd and allowed esti­
mate~ to be computed using the Lincoln 
Index method (Davis 1963:107), which 

i .. ..,_. 
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Table 2. Frequency of capture of squirrels on the Waterloo study area in 1962, with expected values computed far several 

methods of estimation. Chi-square values* (in parentheses) serve as a basis for comparing the goodness of fit of the ob-
served vc!~es with the mooels. 

• GEOMETRIC MODEL Pmsso:-< MODEL 
FREQ ... ~:SCY OB- SCHNABEL SCHUMACHER 
OF CAPTURl, SEI\VT.D MLE & EscHMEYER Regression MLE MLE 

(1) (21 (3) (4) (5) (6) (7) 

0 43.5t 11.7 10.3 51.1 65.1 16.1 
1 33 24.1 (3.29) 22.7 (4.67) 28.8 (0.61) 33.3 (0.003) 26.6 (1.54) 
2 16 22.5 (1.88) 22.4 (1.83) 16.2 (0.003) 17.0 (0.06) 22.0 (1.64) 
3 10 12.8 (0.61) 13.5 (0.91) 9.1 (0.09) 8.7 (0.19) 12.1 (0.36) 
4 4 
5 2 } 6.6 (1.75) 7.2 (0.45) 13.9 (1.73) 9.0 (0.00) '!-3 (0.40) 
6 3 
,. .. 

77.7 119.1 N 111.5±27.6 76.1 133.1 84.l 

• Chi-square criteria were computed by fitting the observed values to distributions derived for the models, using the 
individual population estimates. Criteria were not computed for the estimated number in the zero class because suitable 
criteria were not available, Chi-square criteria were computed as: (0 -E ) 2/E. . . ' 

t Derived using population estimate obtained using the Lincoln Index (Davis 1963:107) method.based on the occiirr 
rence of tnarke~ squirrels tak~n by hunters. • . • . . . . 

,. 
. . 

. · ... ·Sef''.'ed as a parti~l. basis ·for e'\Taliiati~g esti-
.·. mates derived fr~m data obtained ·b{live-.. 

tra.1lpi~g. As with most techniques· of pop­
ulation estimation, the accuracy of the 
Lincoln Index method is not above ques­
tion, as its assumptions may not be fulfilled. 
However, estimates derived from the Lin­
coln Index were not subject to the bias of 
differential trap response. 

At the time of trapping, the squirrel pop­
ulatio11 contained i},.rce age cohorts: adults, 
ear1v-Jiitcr juve:1iles, rrnd late littPr juveniles 
stili in tlte ncct~; our ~stimates apply onlv 
to the fin,t h,u col101ts. 

FINDINGS 

Livctrapping from August 28 through 
s~.r~ember 7, 1962, resulted in the capture 
and ,.,,.,rl:~;,6 of I<'.:; :11{jrrplc ':"rPjJping fron 
l\.u0usf ~ .. through September 3, 190.3, re­
sulted in the tagging of 72 squirrrls. In 
1962, 41 squirrels, including 25 rnarkc :l, 
were shot on the study area. In 196:3, on!y 
30 squirrels, 17 marked, were taken. Using 
these data, the Lincoln _Index method 
( Davis 1963: 107) yielded estimates, with 
95 percent confidence limits, of 112 ± 28 

.•• • ,I •• • 

·arid 127 ± 41 sq\tirrels 011 -the. study area- in . 
i962 and 1963~ respectiv~ly. Unfortunat~ly, 
the sample of squirrels ·taken by hunters 
was too small to provide estimates of high 
precision for either 1962 or 1963. 

The Schnabel ( 1938 in Ricker 1958: 101; 
[3.13], [3.14]) method used on data obtained 
during livetrapping (Table 1), provided esti­
mates of 70 and 69 squirrels respectively, 
in 1962 and 1963. Because Schnabel's 
method only approximates the MLE of the 
population ( N), DeLury's iterative solution 
( 1951 in Ricker 1958:101; [3.15], [3.16]) of 
the true maximum likelihood equation for 
Schnabel's method, which consists of ad­
justing by a series of weights, was used 
to obtain estimates of 78 and 73 squirrels 
for the two years, respectively ( Tables 2 
and 3). Estimates obtained using Ricker' s 
(1958: 101) modification of the Schumacher 
me1:hod ,vere 76 and 71 squirrels in J 962 
and 1963, respectively ( Tables l, 2, and 3). 

It is our opinion that the multiple censuses 
of Schnabel and Schumacher when applied 
b uur data provided estimates lower than 
the actual number of squirrels in the pop-

.. 

,., 
! 

•I 
I, 
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Table 3. Fre4uency of copture of squirrels on the Waterloo study area in 1963, with expected values computed for several 
methods of estimation. Chi-square values* (in parentheses) serve as a basis for comparing the goodness of fit of the ob-
!'ervPc! volue.J wilh the ,nv~c;), 

FREQUENCY GE01'1ET1UC MODEL POISSON MODEL 
OF CAP- OB- SCHNABEL ScHUM:ACHER 

1·ur.i:i:: SERVED MLE & ESCHMEYER Regression MLE MLE 
(1) (2) (3) (4) (5) (6) (7) 

0 55.lt 1.9 1.7 25.4 34.4 4.0 
1 23. 8.7 (23.50) 7.5 (32.03) 19.2 (0.75) 23.3 (0.004) 11.9 (10.35) 
2 14 16.6 (0.41) 15.3 (0.11) 14.6 (0.02) 15.8 (0.21) I 7.4 (0.66) 
~- 9 19.1 (5.34) 18.4 (4.80) . 11.0 (0.36) 10.7 (0.27) 17.2 (3.91) 
4 6 14.7 (5.15) 14.7 (5.15) 8.3 (0.64) 7.2 (0.20) 12.6 (3.46) 
5 8 7.9 (0.001) 8.4 (0.02) . 6.3 (0.46) 4.9 (~.96) 7.4 (~.05) 
6 ·7 I 4:1(15,22) 7. 3 4.6 ( 11.90) 12.6 (.0.03) IO.I (0.~6) 5.5 (7.68) 
8 0 
9 2 

: 
A 

97_.4 
.. 

N 127.1±40.6 73.0 70.6 ·106:1. '76,0 ·.· ... 
• Chi0square · criteri;, were computed· by fitting the observed values to distributions· deri_ved- for tb~ models, using . the· ' 

individual population estimates. Griteria were not comput1>d for the estimated numbers in the zero class because suitable 
. .i:riteria -were not available. Chi-square· criterla wete computed aS": (0 -E )'/E: ' . · ' . ' · .• 

·· t Derived using population ·estimate ·obtained using tlie Lincoln Index (D,Ms 1963:107) 'inethod based· on the ·occur-
rence of marJced squirrels fak~n by hunters. · · · 

ulation in both 1962 and 1963 .. In· support 
o( this' position we note th.at ( 1) multiple ·. 
census estimates were considerably less 
than those obtained using the Lincoln 
Index method, and (2) there was a generally 
poor fit of the observed values for frequency 
of capture to the expected values (Tables 2 
and 3). Apparently a differential probability 
of capture existed among squirrels, which 
resuJter1 fo a cis.i:i,cportionately high number 
nr :-c<"'ptures; thus, the ~~'.)pulations were 
undP,restir,iated. 'Ihis is in ag,t.:.:w.-:1tt _.,ith 
Flyger (1959:221), who reported con­
siderably lower estimates using Schnabel's 
method than were derived from sight 
h!Curds of color-marked squirrels, and it 
also agref'~ with the data obtained on cot­
bntail<- 1-;;' i.<;dwards and Ebcrha1L~t (1967). 

J:'rovided probability of capture is rela­
tively small ( usually p < 0.10) arn-1 the 
same for all members of the popuhtion, 
frequency of capture slionld approxi1t1ate 
the Poisson. Although probability of cap­
ture was in the range of 0.10 lo 0.20 per 
squirrel per day, we procc'cded to compute 

. . . . . . 
estimates trsing Hartley's. (1958: 174) method 
of "MLE for the Poisson distribution with 
missing data; respective values for 1962 and 
1963 were 84 and 76 ( Tables 2 and 3). 

Considering that the estimates from 
MLE for the Poisson distribution were well 
below Lincoln Index estimates and that the 
observed values gave a generally poor fit 
to the Poisson distribution, we conclude 
that MLE for the Poisson did not produce 
satisfactory estimates from these data. 

Eberhardt et al. ( 1963) proposed that 
populations of small mammals be estimated 
from the frequency of capture of individual 
animals ( as opposed to methods based on 
marked to unmarked ratios) during live­
trapping. Techniques for estimating cotton­
tail populations arc demonstrated by Ed­
wards and Eberhardt ( 1967). The principle 
is that a trapped population contains ani­
mals captured 0, 1, 2, 3, ... n times, and 
that these data follow a distribution which 
can be adequately approximated by a 
theoretical frequency distrihution. Because 
the nwnbers of animals captured 1, 2, 3, ... 
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n times are known, the prol;/lem is to find a DISCUSSION 

model which provides the best estimate of The observed vaiu~s suggest that proL 
the number in the zero class ( those not ability of capture is n')t the same for all 
captured) whose probability of capture is individuals. While this may have been the 
essentially not zero. result of trap placemei:it or density, we can 

Edwards and Eberhardt ( 1967) point not rule out differences in the behavior of 
out that logarithmic plots of the frequency individual squirrel:, or the possible role of 
of captui·e of cottontails frequently exhibit capture in altering the probability for addi­
linearity · and that the zero intercept of a tional captures. A plipulation may even 
line fit to these data appeared to provide contain cohorts havinv .~ zero probability 
an· adequate approximation of the animals of capture. The p~ssible effects of factors 
not captured; summing the observed and such as age, sex, and re.Productive status 
estimated val~1es gives an estimate of pop: ·sh<;:mld. be. primary consirlarat1ons · ~? ~uture:. 

: · ulation size. Tpey .caution that th~ line~r stud_ies-.. The problertis or pbpulatfon esti­
reh\tionship· is .not always to .be exp·ectcd · mation and tra.p' respoJI'se :ire of ·sufficient. · 

. • buf,. ·when: ~pp~~xini.atcd, ·may. be. l~til!zed • inag~itude . to ju.stify . .;OlltiJ:lUCd i·esParch. : 
to pro.vi.~ereasonably. satisfactory eshma~es. · Future· research : will ·probap!y: jesult . in · . 

. · , ·· .. The." freq,ueµcies of- .capture. of squirr~ls .. ··f{~1dings. aJjplicable to.~ ·variety· qE specics:· 
· · · .. trapped in 1962 and 1963 were plottt:)d· arr In this presentatioh we have endeavored · 

· semilog paper and straight lines fitted by to proceed with caution or the basis of 
least squares ( linear regression). Estimates limited and incomplete data and yet pro­
from linear regression were 119 and 97, vide hypotheses which may result in im­
respectively, for 1962 and 1963 (Tables 2 proved estimates of squirrel ;-,opulations by 
and 3 ). These estimates were closer to the using livetrapping data. \Ve have proceeded 
estimates obtained using the Lincoln Index on the assumption that .-. n~'lthernatical 
than were the estimates derived from the function represents the frequenc>' of cap­
multiple censuses of Schnabel ( 1938) and ture. The true situ.won is no douht mnch 
Schumacher ( Schumacher and Eschmeyer more complex th,,n a simple freqt;e11cy (~;~ 
1943 ). Thus, it appears that, as Edwards tribution such as th(: 'Jcometric or Poisson. 
and Eberhardt (1967) observed with cotton- On the basis of the d, rr>·mstrated fit of the 
tails, when data on the frequency of cap- MLE for the geometric distribution, and 
ture of squirrels during livetrapping ap- of estimates from linear rcg1css1on, it seems 
proximated linearity, the reg~ession tech- logical to use these Jn,!t''.10cls to ob{~1i, 
niques produced better estunates than indices of squirrel abtJ11danr,; •intil wch 
th e Produced by the multiJ)le census l · 

os time as new or mor,~ ;dinu r· ·tuna tug 
metL,ds. . techniques are developed. 

The simplified derivat10n of the ~ILE Ed d d Eb 1 . lt (, oG-) 
1
-
11

.
1
,Je , ,var s an • er 1a1c,. ., 1 , ~ for the geometric distribution, which Ed- J 

the empirical suggestion i:h, l linear regres-waids and Eberhardt presented, produced 
1 sion and MLE for the 6,·0. •1<:tric di,tri rn-esti11atcs of 133 and 106 in 1962 and 1963, · h 

tion a111)earcd to giYc useful .·stimatvs w en respectively ( Tables 2 and 3). Tests for 
cl about 50 IJercent C'~ ilv 1101rnbtion had goodness of fit of capture frequency ata 

to the ~cornetric distribution for 1962 and been captured at k asl rn,ce and tl1e total 
1963 indicated that the observed values did number of captures \\'as l 1~-2 times the 
not differ .significantly from those expected. number of inc1:-. 1duals enpturecl. As shown 

,_(. 

. .. 
., 
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· \ju "fable!> 2 iu,<l 3, data obtained by live­
" °{ll)J>ing squirrels apparently satisfied these 

' ',fa. <lnrii1g both years. \Ve feel that 
~.dtt:' prcserit, at least, \vorkers who would 

·. ·u~c: 'these methods for estimating squirrel . 
almnda1~c<' should sec that their. data con­
form to these critnia. 

\Ve eaut ion that th1:! data •on whicb our 
opinion~ an: based ,aw rcstrktcd iu 'that 
we eould 11ot compare our estimates' with 
tlw ac·t11al m1mhcrs of \quirrds in the pop­
i°1btions. For thos~' ,d10 wonld ar~m~ tliat . , ·~ 
dif!'.·n·tt('('S betwe<·n the Lincoln Ind,.:x and 
the n,ultipfo. cem:u,.<; · estimates may he the 
l•"·•dt of irrnni.;..;ra!ion \\'<'. can ,tmly reply 
that ,, , · <Jr) nnt fod th,i.t dispcrs:il was ,l 

m.:Jor taitoi, hecause of ( 1) an al~t'!ricc · 
of H'CO\'l'ffi'S of. faggecl squirn:ls from ·nrcas 
of" the (:Xrwrinwnt station oth0r ·than the 
SI nd\ arca1 ( 2-) the do.st~ agrneµ\(;nt ofi''.j)ur 
nl,,, ,,ation~ \vith thosv of Flyger ( JQ~9).' 
.and , 3 ! . th<\ simibritfr~:s of mir d,1ta "':ith 
thw,e rcpt>rtl;<l by Fdw,inls, a11d l~herhatdt. 
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