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Estimating the Number of Animals:

Consigtency of Popula.tién Denaity Estimates by the Plot-Removal Method

D. S. Robson

Abstract

Va4

The 8 November, 1968 issue of Science contains a report by W. R. Hanson |

on a new sampling désign and estimation formulas for estimating animal popu-
lé.ﬁion densit‘y in a study .a.rea. Two altérna.tive estimators a.ie giwen, one of
which ié intended for use only in si'tﬁé.tioﬁé where density is "’essenfially
uniforn throughout the area. This estimator is shown here to be consistent
if a.nd only if the spatial distribution of animals is Poisson, the other and
suppcsedly more rébuét estim@tor is coﬁsistent 1f and >onl;’r it the probability
distribution of number of animals per plot 45 a disﬁiibution on the two

_ integers O and 2.
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Hanson (1) has presented twe alternative formulas fur estimating animal
density (k) in 8 stuly erea sampled by his pruposed "ploteremoval meth:d”. Ope
formala is intended tc apply only when the demsity of animals is “essentially
uniforn” throughout the area in questicn while the cther is claimed tc be more
gensrally appliceble. Frin a statistical viewp.int tne eritericn most widely
adcpted as a necessary conditicm for uppl.icabnity u ‘the property of consistency;
az sample size incresses a consistent eatimator of k will ccme arbitrarily clese
tu k with prmbabmt:r a.ppm#éhing 1. Conditions £ » ccnsistency of 8@5%'3
eatiﬁaﬁora are determirned here under the simplifying assumpticne that the animals
dv not move and that during any ome aurvey of the stixi:; area cach aniuzal bhas au
equal and Mdepeﬁdant probability p of beins chserved.

The study aves is sssumed t. be partiticned into L equal plcts, and the
.‘ ' p;@t..mum method ecnsists of & sequence uf curscry surveys of those plots on
which nc animals have yet been seem. Initially all L plots are surveyed and &
total of x, animals are seen on ¢ of these plots; x, animals are then seen in
the second count which surveys only the Le¢ plots on which ne animals were pree
vicusly seen, and s on. The unknown mesn density k is t¢ be estiszated frum
data cullected in a sequence of n ® 2 guch surveys on ‘mee!aniwly fewer plots.

Fer the cage n - 2 Hanson gives two alternative estimat:rs of k;

c (x,/L)2[L = (#/1)] " x/1L
(xllz-m ~CAT-0g/8) "2 x ‘:/,,
k- % xl I. /

If the relstive frequency of plots containing = animals approaches the
. probability distrivutions fk(z) as the number :f plots (L) 13 incrsased then,
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by the maflme mmera, the mwmmhsxlb, xalt;mé. g{z.emrse
(in pwba.‘aility) £

x/L=8  xflemield)  HL-1-()

vhere g = 1 = p and Q. (s) is the prodability generating function

Gle) = _ "y (n)

z

vith QU(1) = k. Thus, & and &, comverge in probsbility to

£ - k”r gz.. & - .,
1 k- QMM%{Q) 1*[,%%%{%) }‘3:.‘., W

and so K, -k if and only if

~k(1-q)

Qx(“) “ 8

that is, 1f and caly if the nusber of snimals per plot follows a Poisscn dis-
tributicn with mean K. The estimator ﬁ2 copverges -p k if and oaly if

Q1) = 1 - (1 - q%)(x/2)
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that is, if and culy if the nusber cf animals cn & plot is either 0 or 2 with
privabilities 1 ~ (&/2) and /2, vmapeetiwly.

This quaint result disqualifies ﬁg a8 an estimator c:f k and spparently re-
flects the unscundness of the besic relatiom which Hanson used in deriving i:a-,

nasely:

&

Note that in the Polsson case £, is an estimte £ kp/ [ 1 - [qe™® |, wnion
is approximately 2k/ (k‘ + 1) when p m& l@ are both zmall.

Vith appropriate méifimtmm to eliminmte negative estimates, i}t is both
cunaistent and efficient in the ?aum cage, #inae it is then the maximwm likelie
hood estimator e m caly in t.hs ‘Polsson case. Xf, for example, the tr&qumy
distrivution of nusber -f mmu per plct im M@aﬁw binomisl with mesn k and
variance o® (o® > k) then k.l estimates k(p + q(k/ )], which is less than k. The
behavicr of this eatimator is m@ wlm:weﬁ by m intm-glwt correlation among
the cbservaticnsy in tlm extreme case where either a.ll mimla in a plot are
chserved (with wsMility p) or all are in hiding ’(with pmbtbility g=1=~p)
then under the Poisson model K, estimates k[p » qe*], which is greater then k.
Likswisze, movemeni of animala between plits can inmfluence the behavior of ﬁ,‘. b
if there is complete reshuffling between the counts x, end x, thes ﬁl becumes
arbitrarily large with m-f'mility'aawmhiug 1 as L increases. If none of
thege complications arise but the iwesti@st 2 is acye attentive in suweyius the
L-t plots first .bserved t. be empty then in the Poleson case k, estimates
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k/[1 - e(qi/pl)Z where ¢ is the relative change in p between the first and second
surveys, ¢ = (9, ~ §,)/p;. Thus it appeers that il,‘ as well as 22’ could be sub-
Jeot t¢ serious bias ,Sa yractice.

Douglas B, Robacm
Bicmetrics Unit, Cornell University
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