Navember 11, 1041

Desyr iir Corbet,

The reason I hove not before rnawersd your letter of Uctober
cend, encloslng the intareating deta you hrve grthered an froquency of
ennturs of 620 erecles of Ynlayon butterfiise, is that At relasd in my
mine oo guestlong whlen coule only oe poygolved by falrly elsbosote
crleul: tinna,.

The cgraeuent of your nerige of Crefquenclss with the npemunle
Freprassion i 1s rather egtriking, except for smell values of n, over
e renpe for wnich your data oré rolirble, l.e., up to 24 cautubes.
It ls ohvlous, however, tint tha law breoks down hoveles:ily, both for
nlpher Lreaquanelea, slnce %Hhe asrleas

1+, + 1
T n+l n+2

is divergent, so thet your expectation wuld be an infinite number of
ore. Haoaa

sreocles withﬂ24 captures, whiles 1t nlao [[Aves an Infinite expemotation

for zeroc cariures.

T% smemg to me that the reason why your series agress wall
vith this formula in the middle rapilon 1g thet the hermonic series,
for a finlte run of terma, rather cloaely nmimics the serisa known aa
the negative binomlal when the papemeter k representing the exponsnt

im aipll.



=
“he general formula in this seérles for the numier of npecles
Flving n ceptures ls

(k+n-1)1 ph
ni(k=1)1  (1+p)**"

Thie expreesion far %he expectad frequencles of epecles plving n
captures is related to &n intelllgible frequency diastrlbution for tre
effective denslty of difrfereat preclies, which is bast expressed 1n terma
of the exnectation of cepturss in a given collzction appropriate %o
Aiffersut cenaitles. Thua, if @ Lla the number 6f captur«s of a given
specles to be expected from 1ts metusl sbundence, then m, unlike n,

pead not ve 8 whole nuuber, and for the ropep speoles noy be A small
fraction. For the cosion specles, of course, n would not often ciffer
from m, vt lesst by sny lerpe rultiple of the squere root of m; so that
A\f p wers 100 the notusl nuwber of ceptures o -ould ususlly lle hetween
B0 and 120, Tha clstributlon of the expectation m, which correspunds
rith the negutive binomiel s !.:h;ﬂ.ﬂtriuutlun for n, tepmse-hos the
frequency elemant m
df.—r&m ™" o e T odm.

If k Lo leas than 1, this decrersss atesdlly rs m inorercws; this 1s the
oage with your peries. If k ls greater than 1, 1%t would egmmenoe by
inoreesing and later decrease, and Ghers would be & maximum, or mode,

in the distribution of the expeotation. Clearly the actual expectetlons
ep# proyportional to the slze of the collegtion, our paiug colleation

to co-tinus uaing the same methods, and this is sspured by the parsmeter
p beiny prorortionel to the total number of insects ceptured. The other
asremeter & is intrinslo to the natural dlstribution of crbundance within

the Froups.
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Futting n = 0 in the formula for the neprtive binomi=l,
1t aprwenra that the fresction nf mmecles not rapreganted in the

collectlion will be -k
(1-p)

This fraction ernnot, of course, be observed unless the repinn hed been
elready exhuuatively atudied. It may, however, be satimated, though
roughly, from your gerles of frequencles. I have, therefore, fitted
the negntive pinomisl serlee to your data on two supposltlonat
(a) thet tners o really 1050 specles of vutterflles in the reglon,
of whlgh 430 huve not Luen cavtured, snd
(b) on the suryuoeition thet these w.w 1200 wpeeles in 611, of wrich 580
huve nut beuen eaptured. in The firet cese you will pee thot the fit
ie nol very close, tie numbers oobserved belng in excess m for one and
two carturve, and elso te o lege extent for nore tnen 15 esctupsa. In
the second %rial the s resment 1a conslierslly better, thruph the
devistlone throuphout Are atill in the sare dirsetionsx in an voup
= thouih wueh emaller. In faet, if thes dets were used to fﬁiﬁh&gﬁh'thu
totel numper of specleas, the eatimate would certainiy he somewhet 4in
axomsn of 1200, althouph the deviations from the sunpesiticon that the
number la 1200 do not eeem sufficlently preat for anyona to assert
that i:ﬂ nigher number 1s actually required. It ig worth whils pom-
raring these two frequency distributions with that derived from the
hermonlc serles, whioh, if we lgnore the absurdity of an infinite number
of specles with more than 24 casught, may be taken to revr-asent tha
limiting hypothesls k = 0. The deviationa here ace larger, &nd in

the lmoortant reglon up to 10 captures in the ops csite dirsotion,

showlnp Suat the deta ere bLetter fitted by & finite value of k , about



% and & finite number of species not much less than 1200.

Youra sincersly,



Expected MNumbers of Specles
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