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ABSTRACT

TESTS OF SOME MATHEMATICAL MODELS OF TAXONOMIC DIVERSITY -
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The number of- SpGCles per genus of any large taxon.
when’ plotted forms a characterlstlc curve called the
'hollow curve' ’
number of 1nd1v1duals per spec:.es in an ecologxcal

communi ty‘

specms-abundance curves/?espectlvely. . They are the star’c—

ing points for the study of taxonomie and ecolog'lcal

diversity. It has been suggested in the literature that,

the mechanism or mechanisms producing both curves'is the

r

It has the sgme shape as the curve for the

These curves are/ called the’ genus-abundance and

game.. The literature on genus-abundance is reviewsd.

The genus-abundance curve for the amphibians is
shown not to be an artifact of o1'.axonomic processes, such as

splitting and lumping.or taxonomic philosophy. By exten-

sion, it is ‘considered that this is true also of other °

3

large taxa, ) ‘ ' \ .

It.is shown that there exigts genus-hiches and -

- .intergeneric compétition. ' On this basis, four biologicai

hypotheses are considered: random niche boundaries’lead-

ing to a broken—étick distribution of genus:a.bundance.

1

niche preemptlon lea@zng to a logseries dlstmbutlon, many
r dom factors leading to a lognormal distribution- and a

q eulng theory hypothes:Ls .leading to a modified logpoisson
: . J '
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"  INTRODUCTION
, If one takes any reasonsbly large taxon above the
level of genus, éﬁy one containing geveral hundred speciés;

»

dnd 1lists the number of genera containlng one gpecies, two

'spec;es. three gspecies, and so on, a very characterlstlc
K #

pattern emerges. Many, perhaps more than half.of the
genera, w:ll contain only one species. About as third as
many will contain two speciés. The number of genera with

three, four aﬁd'morefspecies_will fall-off rabidly.- But the

IAistribution will have a long tail; there being usually a

few large genera.
Willis (1922) was the first to call attention to

this distribution, ‘He called it the "Hollow Curve". He:

showed that it was a characteristic of plant taxa. Witliams

(1964) showed that it is also a charébtgristic of animal

'tﬁfa' Both authors showed that %t‘is also a characterigtig
of species per.genus in any gquraphic'%rea and for genera)
per family ;nd families per order. '

”

Williams also recognized that the hollow curve of

! .o,' )
specles per genus had the same shape as the curve.for indi-

vidual; per species in an ecological community - the A
'species-abundance’ curve., We tan, by analogy, use'thehterm
'genué—abundanée'. Williams also implied that the same.
mechanlsms mlght be operating to produce both curves, that
is, ecologlcal dlver51ty and taxokpmlc diversity were two

“agpects of the same process. The terms “species—abundancef

e e e e e s e e YT A ad Ay i L
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a.nd 'genus-abundance’ will ve used :Lnterchangeably with

eco‘loglca.l dlversn.ty a.nd 'taxonomic diversity' 1n this

thems where no ambiguity will result.

!

Whlle there has been little 1nvest1gat10n of- 'the
genus-abundance curve there has been.a great deal of
Id

1nvest1gation of the spemes-abundance curve, becauae it is-

he startlng pomt for the s‘t:udy of communlty diversity

" (Pielou, 197§; Cody and Didmond, 1975). ‘Pielof has stated

the central problemz ”leen a stable /many-speca.es comniu- *
r/(lty. how have 1ts constltuent species come to share 1:41
Same habitat and how do they malnt.aln themselves and -inter-
aét with one another? What de:termines the number of species
that can 11ve together and thelr relative .proportions?®
Generally, lf‘B pro,cgss is postulated to operate,
then we should be able to wri'te descrlptlve equatlons. and

.

from tjhese e@atlons we can generate theoretica.l abundance

‘curves which can be compared with the ob'served curves.

Specifically, three blologlcal processes have been . .

postulajced in the literature to account for the gpecies~ .

v r . ¢
abundance curve. First, the envirorment is, in -gome sense, -

%

pre-divided into niches of various sizes. This’ is the"
"broken-stick" distribution hypothesis of MacArthur (1957).
Informally, one can say that the environment '‘decides ‘the

size of the niches. Second, the various species sequen/ Cr

4

tially pre-empt a fractiion of the exploitable resources.

This is the logseries d stribution hypothesis whose strong--
) wl { , ‘
. /"

L .

-~

’,

3
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est proponent is Williams (1964)'. Informally, one can say

that the “species 'decide'%the sizes of the nichés. Thlrd,

- the factors affectlng the sizes of the niches are so many

! and so varled that their dlstrlbutlon 1s essentxally random.'

;‘ This is the lognormaI dlstrlbutlon hypothe31s of Preston
o . .
<-' (1962). - °

Y

i : N _ wa‘if genus-abundance and species-gbundance are

oy

| . " f homologousﬁitﬁat'is they are both generated by Ime same

| / - mechanisms; tr;en if we can make meaningful stateménts about

L BRI "l sPecies-abundance, we can alsb make the same meaningful

.statements about genus-abundandé. ‘

N P ' - o It is generally held that species-abundance is det-"

rmlned by the dlstrlbutlon in the sizes of niches (however

‘deflngd) and 1s medlated through 1nter§pec1f}c competltlon.

AN 4Therefore! in 6rﬁer fquspébigs-abgndance‘and genus-abun- .

dance to 'be homologous, there must exist a genus niche and

. intergeneric ebmpetition. Williams (1964) and Mayr (1963)°

hold that there exiéts'a genus niche @nd‘Méyp.‘;insley-and
Uéingﬁr (1953) and Van Valen (1971) hold that there exists
i;tergeﬁer{é competition. '
. . .- Thérefore,,;t ig 1egitimdte tq test genusg-abundance

in the same way species-abundance has been. tested ‘since the )

[

There are two’'other bostuiétes‘in the literature

-

- C B which do not‘mequlfé con81der%;10n of niche 51ze or competl_ cu
: ‘ ~t19n. Koch (1966) hag describes a hypo@hetlcal process -~ -

Y

0 v

4 " -

l 5' .| .  same mechanisms presumably dictate the shape of both, curves. -
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of species form#fioﬁ which should lead, by implication, to a

~ Iogpoisson disfributiqn of genus-abundance.

i u ! ;
Chamberlin (1924) and others have suggested that the curve

. is an artifdet of the process of taxonomy.

~ . logseries, lognormal and logpoisson models and tests these

This thesis. reviews the history of the concept of
taxonomic diversity and examines the postulated homologies

between spécies niches and genus niches and between inter-

"Ly

Finally,

sp301f1c competltlon and intergeneric competition.

develops theoretical distributions from the broken-stick, .

amphiblans. There is also an extended dlscussign of the

hypothesis that the observed distribution is an artifact of -

the taxonomic process itself.

'agalnst the observed distributions for birds. mammals and

It then‘ .
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HISTORY.OF THE CONCEPT OF GEQFS—ABUNDANCE
‘ ' U

. The literature on diversity is now of ‘enormous

[ERN

L]

quéntity. It dividés’na}urally into three clusters, accord-
' ing to Anderson (1974): (1) the British phytogeographers,
" whose works center about J.C. Willis, (2) the British’

,entomglogiéal ecologiéts, in particular C.B. Williams, and

(3) the American animal ecologists, of whom Robert MacArthur

is the chief flgure
Most of these 1nvest1gators deal with speq1es—abun-

dance ‘rather than with genus-abundance. The llterature on '
genus abundance, :‘in the strict sense, is very much more
limited. The chief references are, in order, Willis (1922,
1940) , Chamberlin .(1924), Yule (1925}, Wright (1941), Mayr
(1963), Williams (1964), Koch (1966), Raup et al (1973) and
Anderson (1974). “

~ SurbrisinglyJ many of the leading students of _evolu-
‘tion scarcely consider genus-abundance. Simpson’'in two -

major works, Tempo and Mode in Evolution (1944) and The

* Major Features of Evolution (1953), does not deal -with it at

all and deals with 1t only perlpherally and qualltatlvely 1n
Principles of Animal- Taxonomy (1961). Sokal and ;geath in

Principles of Numerical Taxohohx (1963) note the genus-abun-

dance curve and note that it has never been satisfactorily
exptained, but judge that the lack of objective criteria for

‘genera, families and higher categories is the major obstacle

to understanding. Hennig in Phylogenetic. Systematics (1966)
. o I'j\k ‘ ‘
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also .does not deal with the phenomenon. Mayr in Principles

N of Systematic Zoology (1969) adds nothing to his 1963

discussion. ¢

Willis and Yule and their critics: 1920's to 1940°'s.

3

. Since Willis appears to have been the first to call
| attentlon to the phenomenon of genus-abundance, and all sub-

sequent studies have started with him, it is worthwhilg tol‘

Y

examine his views at some length. ' ‘ \

In his book Age and Area (Willis, 1922),.he demon-

) w kstrates without any ambiguity that the plot of the number of

~s?eciesaper genus for the faunma and flora of any .moderately
T , large area forms a 'hollow curve' - the genus-abundance

curve- and that this is also true for the world as a wholel® ~ -
| .®n a world-wide basis in 1922, 4853 genera of the known |

12, 571 genera of flowering plants and ferns werelmonotyprc

He also claims that, on the basis of his data, species apd /
' genera of small range are phyletically ybung, species and

genera arise more or less'mechanically and regularly and

geographic dispersion in related groupé occurs at a nearly

+ constant re.‘t:e.~ Willis glves no very firm reason for hlB

conclusions, - - , : -
v N

Willis' conclusions appear to me to be identical to

' those of Guppy_ (1906) [cited by Lawrence, 1951, page' 161]

which were based on an unsupbdrted premise that for terres-
4 ' trial plants there,had been an era of nearly uniform

" enviromment: "... of great atmospheric humidity, when per-

]
' . . . . K
{ . . - ,
3 ' . o \ '
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. He states in his preféceir "I have endeavqured - wigh what

fic characters is thus contradicted by the statigtical

.inadequate explanation for evolution, and how the actuai

- ' / : ‘ 7. . .
. [ ' . .
sistent cloud-covering blanketed the globe and where' the
saﬁe equitable temperature everywhere prevailed."

Anderson (1974) says that Age and Area has a "curi-

}
ously archaic flavour™. Willis is an avowed anti-Darwinian.

success this book w1ll show - to free myself from the tram-

mels of natural selection theory." In a contributed chap-

ter, Hugo de Vries concluded\thats *The general belief in
. .o \ . ,
adaptation as one of the chief causes of evolution of speci-

s

stﬁdies of Willis, ... ". ".
It is ;ery ¢ifficult to discover exactly what .
Willis'“basic argument is, why he feels thét,selectioﬁ is an
v
shape of the genus—abundance curve is generated. He ’¢
attempts to explain further in a second book (Wlllls. 1940) — Va
Some of the statements in thls book just plaln do not make
sense whether taken in or out of context. for instance
(paée 1;1): ”Evolution and natural selection are probably
to a great extent iﬁdependent. and they work ét'right angles ‘

to one ancother, with (in plants atqany rate) little mthal |

interference." ' s

In his 'Final Summary of Conclusions' (1940, page .
191), Willis sayé: vaolutionjmost probably goes on by
definite single mutations, which cause structural altef-

ation, which may, but by no means necessarily must have some

A
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functionaliadvanfage attaghed." He‘hoigénthat'both sgecies
;4 \ and higher categories arise abruptly:. "Mutations tend to be

divergent, especially in the early stages of a family. The

faﬁily, conéisting probably of one genus and one species, is

probably created by a single mutation, whilst later ones are

rs

‘ga ugually less marked than the first and give rise to further
genera and gpecies. ... Evolutioh goes on in what one nay
call a’downward difection'from family to variety, not in the:

"upward direction required by the' theory of natural select-

- [eion. ... Varieties are the last stages in the mutation and

s are not, as a rule, incipient species."
Thus evolution is wholly dependent on. the chances of

mutation and is saltétignal - that is, new forms differing

R sufficiently to constitute a new higher taxon arise spont- 1
aneousiy and breed true. But then Willis goes on to séy
Fhats "The procesg of evolution appears not t¢o be a matter
of natural selection of chance variations of a aptapiqnél ©
_valué. Rathgr it/is workihg upon some definite law tﬁat‘we;

do rot yet comprehend. The law prpbably beg ‘its operation

with the commencement of life and is-cairyi this on
’ . according to some definite plan. ... Evolutipon is no longer

a matter of chance but of law. It has no nee of any

support from natural selection.” ﬁ( )

Willis was not a mathematician is statistics re-
». Yerred -to by de Vries (Willis, 1922, page/ 227) consist of

. X \ .
raw data, graphs of raw data and simple averages. He-

»
° L
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appears ‘to have been unaware that a log-log plot of a hyper- <\u '
bola gives a straight line ahg expresses his indebtedness to
G.U. Yulg for this 'deduction’ (1922;/§aée Zurr."Nowhere in
his work is there a test of sighifiéance. ‘ ‘
Yuie,(l92h) discussed and apveloped some of Willis'
ideas mathematically. He was also an anti-Darwinian. He
based his formula on the' assumption that: " . .. the
chances of the formulation of a new species from another. °
within the same genus is, in apy&assigned interval of  time
(an hour, a year, or a century), the same for all specieg’
within the genus consideped, and is constant for all time.;-. )
then . claims thd% this, generates the general “formula for
\ :Ke ge‘nus-azoundan.ce curve r .

logS + ml’ogn= k ' , ‘ Equ. 1. %

. where S.is the numbérvof'spebies. n the nuﬁbgr of geﬁera and
m and k are constants.
Yule fits a logseéies‘curve to his genus-abungancé
+ data and thére is no signifié#nt evi@encehagainst the hypo-

~ thesis that the fitted curve and the data differ on the

A

,babis;of a chi-square test, that'isb éhe'chi-sqhare.alﬁha
values are less %han 0495, Nevertheless, equation 1Tis ﬁot
the”edgation of a logsép?es.

Willis immediately camé under severe criticism by
many leading plant taxonomists who disputed his-claim that

"his data led to his~conclusions (see, for instance, Gleéson
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d (1925),"Sinn6tt (1924);‘and Fernald (1924)Yb K:
'_ . Batson (1923) attrlbuted most of Willis' .an tl-
Darw1n1anlsm to the dnfluence ‘of de Vrles. He says that the
&ev1dénce that de Vrles adduced from his study of Oenothera
‘and which led him to propound the theory of mutation is
‘ clearly the ev1dence which Willis had at the back, of hlS

mind.  -But de Vries' mutations,: accordlng to(Batson, “are

not genuine 1Iiustrat10ns of the origin of speCLes by, vari-
ation. He says: "Had de Vries grasped the 1mpllcat10n of
Mendellan analy31s he could never have 1nterpreted the .

&

[mutations] with any confidence." o - .o

Chamberlin (1924) summai@zed‘Age and Area and- sub-
& jected: it to"an orthodox Darwinian refutation. He felt that
the quality of the systematic work, includihg its }e1£¥1ve
' comp}gtenéss, might'affectvthg‘pbserved pattern of genus-
| abundance. He also recognized that a taxonqmis% had, in a
| sense, a random sample of the real classificétion and'that_

this would approach the real as the taxonomist égliected

'
Wy ' e

more speties. In fact, Chamberlin could detect no differ-

[

ence in the shape of the genus-abundaqce curve generated by
'01d' and 'improved’ classi¥ications. (Later work by
Wiliiamsx(1964, page, 131) has shown, for instance, thai
there, is no change in the shape of the cﬁrve fo? birds be-~
tween the claésification of qdnnaéus‘of 1758 and that

current in 1909.) U ‘ v

-

Like Willis, Chamberlin assgmed the genus-abundance

¢ . t v N ¢
.
)
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curve to be hyperbolic and concluded that the “1deal“ curve

‘was: 4

XY=k | - : , Equ. 2

- 4

- taxon and Y is thé number of genera containing X species.

The reason why Chamberlin felt the hyperbola to be

e e

“jdeal" is beeau8e the genus-abundance curve looks hyper-

bolics "In_the flrst place, the hyperbolic appearance of

o e AQITEN A WETA P, Tt

the conditions. .:. The second [place] was deduced from

. | , . o
purely theoretical conditions." He goes on to claim that if

-

——— e

|/ geach time ifterval and the same rate also applies to the .
daughter <genera, then a geometric progression results. This
¢laim, as stated, is correct if and only if new genera arise
abgsolutely regularly, not probably as assumed by Yule.

K Chamberlln also noted that the sizes of ¢ities in
California, the dlstrlbution of ‘wealth and cther non-bio-

logical data also yielded a hollow curve, that is, had an

- apparent hyperbollc dlstrlbutlon. What he was notlng was

. »  the lognormal distribution which Altchlson and Brown (1966)
have shown to be followed by weelth-dlstrlbutuon and -much
other demographic'data. . - o
'. Walters'(196d) is a'very belated critic of Willis.
P The fact that; forty years after the publication of Age and

3

L i
where 'K i's the square root ‘of the numbéf of species in‘the . /[\
'

the curve suggested the\91mple formula XY= K would satlsfy .

an original genus gives rise by mutation to a new genus for -

.
f
Lﬂﬁﬁmﬂf‘“” b
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.cept of Linnaean and.po

v Walters examines the pre-Linnaean erigin of our fam-

>

ily, and generic concepts. Mopdern botany ﬁook shape -in Eur-

K ope and the existingvAngios erm families and genera Are the

product of early botanlcal thought in Europe from the begln-
ning of the 31xteen-hﬁndred on. In fact, most of the larg-
est familiéé’and genera wer) defined a century before Linh-
aeus., . Walters asks: “Wha _reason have we to think that the
deﬁarcation of the lérgest Angiosperm’families woulé look -
approx1mately llke the one!we use (with very llttle dispute)
at the present day, 1f Anglosperm taxonomy had been born in,
say, NeW'Zealand, instead’ of Euigpe?“ , .
He imﬁlies that our cléssificgtion would be very
éifferent. The late appearance iﬁ ﬁhe'}iterature of small
and mono@ypic‘genéra, which makentﬁe’génus-aﬁundance curve,

is the inevitable,produq% of the growth of taxonomy,. accord-

ing to Walters, since tie exotics do not 'fit' into our con-

* we Eould "wipé %he slaté clean", a very different takonoﬁy
would result (and by 1mﬂ11catlon perhaps ‘abelish the 'holl-
owness' of the genus-abx’indamce curve) .

It is very diff%cult to take Walters seriously. ﬁe
does not seem to reallz? that the very new and depauperate
post—glacial Européan flora ‘'would consist naturally of

.species from 1arge and w;de ranging genergu Nor does he
. \ ﬁ

L | \ o . >‘

Y i - 12. 0

) ' * . 4

yt-Linnaean taxa. He feels 'that, if

I:!’-
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offer any hlnts on what a New Zealand-type plant taxonomy

might 1ook llke
| erght (1941) p01nts out that W1llls has'fallen into
'twoﬂerfors. First, Willis has assumed that if natural
" selection is not an adequaté explanafion, then the only
alternatlve ‘is his own view. Second, Willis/haé assumed thét
cdnformlty of data proves the hypothesis w1mhout con31der—
ing that there mlght be other hypotheses whlch also fit the
data. (Chamberlln (1924) also makes this cr1t1015m )

‘; Wright then puts Willis' theory into perspective by

clagsifying evolutionary theories according to the réle

~
LY

~allowed chance variation:
(A) Evolutionary theoriés which-eliminate or minimize
chance. =~ ¥

(1) Evolution preordained: Orthogenesiéﬂ

(2) Evolution as an extension of individual physi-

.0logy: Lamarkianism.

*

« (B) [Evolutionary theories in which chance plays an
imp;rfant rdle, ' N
(3) Eﬁolution determined by the selection of
chance variations Darwinianism: '
(4) Evplution deteérmined by single mutations, thaf
4 is,lin‘which chance is all there is: The

Position held By Willis and de Vries.

A

Wright says that Willis in-‘1922 seems to hold to 4,
by 1940 he attempted to combine 1 and 4. &  °
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and Sneath (1963), s
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W

‘of the array. Genera containing n species (whose fates are

hi

- N N L ]

Wright then considers alternative formulae to
. L}

Willis' to generate the genus-abundance curve. 'Like Sokal

ose formulation will be discussed,

Wright arrived at af poisson distribution but from different,

o . N
He congidered a taxon “....in which the

’

initial. conditionsg/
o -

"total number of. species remains constant, neﬁispecies being

‘balanced by extinction. ‘For a\given interval of time there

s’ a certain probabfiity that it [a genus]lhas one, two or
a larger number of descendants [specips]. By choosing the
appropriéte interval of time, théwvariance of this array of
probabilities may be made 1 and therefore equal to 'the ﬁean
!
assumed to be independent) shogld show a'distfibutibn of
géneric sizes after the chosen interval such that the var;)
iance is n, again equal to the mean of the genéric sige.
These conditions ensure that the“distribution will\bé at
leasgt approximateiy of the poissqn type. In the long run

the frequencies, f(x), ,of generic size, x, should reach a

certain equilibrium form, . [Wright uses f(x) to mean the

'frequency of X and not function. ] e clasgrof genera with

n species is dispersed after the chosen interval of time but
receives recruits from each other class (x species) accord-
ing to frequency f(x) and to the appropriate terms in the

poisson distribution, e Xx™/ n! .* ,

In explanation, if a genus has, say, 10 species at
time tO’ if is in the tenth inte;vai at time to. Later, at
\\\ 3 . . -

~

¢
oy,

——— ——
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“val or up to the thirteenth, but, if equilibrium has been

.occa31onal -origin of new gehera replaces them.

'They restate the conditions that Yule gives to generame his

. occurs a%;:‘a.ndom/ it is the same thing as saying that there

not-fit a poisson distribution either. LN
. 3 ' )

~? R \\ \
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time t, this same genus may contain less or more than 10
species depending upon the chances of extinction or speci-

ation. Perhaps it will move down to, say, the eighth inter-
\\

reached, its place in the tenth interval will be taken by
some othep'genhs moving eithér up or down the intervals.

Some genera will become extinct in thq time interval but the ..

erght has not followed up his insight in any sub- S /l

seduent studies.

[ )
~

There has been little crg¥icism of Yule (1924). ~
Williams (1964, page 121) points out'thgt’ﬁhe formula |
Yule gives to gengrate the genus-abundance curve (see equa- §
tion 1 on page 9) does not agree with his data. Sokal and |

Sneath (1963, page 245) have a’ much more serious criticism.

formula ass If the branching of an evolutionary dendrogram
’ i \ -

is an equil‘ chance of each stem giving off one or more side

branches in a given interval. This is indeed what Yule

3
L

said%  it is also the condjitions under which the side\

~

branches will obey :a poisson distributig?. Yule's data does
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:Ihe British ecological entcmologists: 1§40's to 1960's

ﬁ;e'general review paper of Fisher, Corbet and

&
Williams (1943) is adequately summarized and incorporatéd.

* into Wiiliams (1964) . However, it ihspired Kendal to make
two theoretical ‘studies. One (Kendal, 1948a), on modes of

growth leadihg to « 1ogarithmic series distribution which he

*—generalrze&"to'lnclude genus-abundarice, was used by Williams

'(1964) In the second paper (Kendal, 1948b). he consldered

very generallzed orlgln-extlnctlon processes which Anderson

“

(1974) has followed up. . :
Willlams presented an enormous guantity of data in
his Patterns ih the Balance of Nature (W1111ams, 1964) +

1] %

Most of it is relevant only to gpec¢ies-abundance but one

¢hapter and part of his conclusiops'are devoted -to genus-

. '

abondance.
Y

Williams presents much of his data raw and whosh

data is plotted it is usually done 80 .0n y—ax1s probablllty

"°! paper with the x-axis logarlthmlc. If the plot is more or

less a straight line, the data are conSLdered to be log-
normally distributed. Other data are plotted log-log and-
if

e plot is roughly a straight line, it is considered to

be a hyperbolic logseries. A surprising feature of the book -

is that it does 1ot give any tests of significance - and

thls is espe01ally snrprlslng because Williams was a close

collaborator of R.A, Fisher.

N

~ Williems (page 142.and following) discusses the

~ L a

KR

s
)
i . "

e

—)

e e -
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difference between. taxonomic 'splitters’ and 'lumpers' and

whether the genus-abundance curve is an artifact of the tax-

T — ©
\

onomlc\pfoce\ss. Splitters will allow genera to .be’ gepar-

Ty

\
ated on the ba31s of cha‘.raeters whlch lumpere cons:.der too - .

small or too recent in ergln to be Just'Trcatlon for separ-

—

atlon Lumpers will allow division of genera only on. char:\\

act'ers wh:Lch have a much more distant orlgln :Ln time, _and

are thus more 'fundamental '. For ‘a given number ‘of spec:.es
o
the splitters will allow mo're genera “than the lumpers. Thed

'_ splltters produce a classn.flcatlon of high generic-diver-
C ‘ . ’

s:.ty; the 1umpers one w1th a low diversity.

'Hn.gh d:wermty' is defined as a genus-abundance .

©

BN

curve .with a low mean number of species perl' genus, that is,
t N ' '

L}
AL vt i

o

ma.ny éenera, moet with one or few speci@s. 'Low divers'r%:{r" .‘ AR
means few genera. most with many specmes. . ‘
- Wllllame c:t.tes ‘Kirby's claeelfJ.Catmn of the world s a .
mantids as a classiflcatlon that closely appro,aches a log-,

series. (In fact it does not - asg w1ll be shown - but thls

does- ,not vitiate William's argument ) _One might be in-

")-

\ﬁned, says Wi iamg, on this account to say that the log-r

. . serles\was\ttk‘ ‘correct’ 1nte pretation of the mathematical
. K TTr— .
e 5 T

e structure of the genus-abﬁldance\gattern inthe mantids and

that Kirby had glven a correct mterpretatlon\\Bu;t it mig

Josloe . be better to say that Klrby had been coneletent rather’ than

correc/b Instead of claseifylng 800 specles lnt'o 200 genera

Lok T - as he dJ.d ~ he mlght have claselfled thém 1nto 400 genera

a R . -
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‘had he -been an extz:emg éﬁlittef or 100 hAd he Eeen- an ex-
treme lumpeyr. Had he been equally'cohsi/stgnt in both ex-
‘tfemé cases he would have produced a lo series. All three
classifications would have been equally|/ sound in so far as"

" they express the evolutionary relationships. |

as unreal as si)écies. Furthermore, when both splitters and

lumpers produce the same mathematic
a change of constants, Williams a:js whether they may not ‘be

equally truthful interprej:g:;s, 'qf lat has happened in the
- hd 2 /

pracess of ewvolution. '\/ ' ' . ‘

To this he answers: "Yes". He constructs an imeg-

!

inary set of twenty-three species! havifg a logseries re-
'. “ semblahce to each'other in each 13"1n'1e era but with the re-.
r ] ' semblance dlvérglng w1th tlme. bA split‘tei', who takes th'e.'Se

. g
spec;xes and is prepared to aceep‘t the present dlvergences

~ ’, as generic differeﬁc g, wou,ld produce a logseries genus- "

abundante ba’ctern i

high generic leEI‘Sl'by - Lumpers,
to th‘é\ﬂést, w1ll produce a log-

a{/ n‘\ﬁ_‘f lower dlversn;y. But
A

A—

genera. But wb\en his work ‘showed the éame patterns appem\\

pattern, needing only -

S

|

R —

i’
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\\\\\‘\\\‘4\\\233\?0t be a departure of the data from lognormality but is

19.
. they will both produce a 1ogser1es pattern.‘

£ Where a ‘'wrong' pattern is produced, that is, a

pattefn that is’ not consistent regardless of spllttlng an

lumping,” is where the taxogbmist prooes‘more deepiy into the
past at one point and less deeply at another. Tﬁis is to be
both a splitter and a lumper.

1
at a composite publication by several authors would be,

" Williams suggests therefore

generally, legs reliable than one individual's work.
'In his summary (page 294 and following), Wllllams
speculates that the close fit of the logseries to the data

~ owing to—the_sample being too small to distinguish critic-
ally between the, two dlstf‘buttensi In hlS dlscu381on of
j * x \\\ N f.
‘ b the'posslble blologlcal'orlgln,of,the‘1ogser1esjd1strlpgolon‘
he cites Fisher (Fisher,“1941)‘who showed that a sample
taken from a population distributed according to a logseries

would itself show a logséries gistribution. It follows,
therefore, that if thé sample is actually logseries dis-
tributed,’ then so is the population.’ Williams also cites

Kendall(Kendal, 1948a) who considered (1) the probability of

a species: splitting into t&o}’(z) the probability of a new

species arriving -from the out81de and (3) the probability of

a gpecies disappearing. Kendal then showed that if, at some

particulars time, we start with a ‘series of genera each with

one sﬁecies, their distribution after time 't' would be a

[ V)

. ."ﬁ‘z . . *
geome'tric “series with an abnormal zero-class.

”

But since

o
]
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. different genera will not start at the same time, the final

v

result will be a logseries.
. The balance of evidence indicates to Williams, with

much reservation,}that the logseries is the closest to the

s : real genus-abundance pattern.

\

I3

b The American animal ecologists: 19&S!s'to 1970's

i

{

L T
: § Mayr (1963, page ‘586 and following) appears.to have
i % - been the first ecologist to discuss at length the phenomenon
{é\\\ of frans-specific evoluﬁion.- that is, evolution at the

N\ . . .
‘\~ genus level and higher - in an ecological context and as a

N _

homologous extension of the phenomenon oqupecieé evolution.
It is useful to consider his views at lengfh because of his

enormous influence on present-day ecological and evolution-
ary ﬂthoﬁéh:c\. ‘ ‘ ‘
r Mayr notes the basic difficuitys Genetic differ-

—

ences between populations can belanalyzed experimentaliy by
fértile"hybfids;‘analysis of the differences between‘higher
categories is in most case; impossible by this method:

[Since Ma&r wrote, the technique.of electrofhoretic protgin B

analysis has to some extent solved this proﬁlem.

instance Salthe and Kaplan (1966) on/the rates of evolution

r

I of higher categories in the amphibians.]

Mayer also nStes that evolution is not primarily a

genetic'event - it is a selection. Furthermore a character

‘is not norﬁhlly the product of a single gene. Trans-:

w . . A‘.\ _ . . -
- " \' . .
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QSpecific evolution’is. in his view, the'selectioﬁ of whole .
céadapt;d gene complexes. Orthogenetic trends aré owing to
{”\\QQeefact“that evoldtionary changeé of phenotypé are l{mited}
by tﬁe'gr%ginal\gene compléx seleétion.‘"Evolutionary in-
ertia' of certain characters is owing to the large number of
genes controlling the charac¢ter and the dﬁlikeliness of the
genes of the complex as a whole beingmstrongly selected.

'Evolutionary stagnation' (Mayr instances ﬁingula, Limulus,

Triops) is not gauséd by a fdeplgtion' of genetic variabil-
ity but by a superb édaptation to an unvarying enyéronment.
[Mayrfs suggestion that there is no genetic depletion
@n e&oiutionary congervative gpecies has been recently con-
firmed. Ayala et al (1975) found that deep-séa astgroids,
which live in an exceptionally stable environment,‘show high

Kin genetic .variability. Selg%der et al (1970) found.that the

horse-shoe crab, Limulus polyphemus, is just as variable ©
- genetically‘as\otner o?ganisms and he concluded that éléwly
evolving l%nes have not an Pnusually low ﬁutability.]
* “  Mayr also says that the fossil record shows that the
regularities in the rise and fall of higher taxa, which some:
e&oiﬁtionists claim to see, are largely absent. ([See . !
(fﬂrfher in this thesisg, -the discudgsion on this point by-Raup
et al -(1973) .] ,
Mayr Sclaims that all evolutioh is owing to the accum-

ulation of small genetic changes, guided by natural selec-

tion, and trans-specific. evolution is nothing but an ext
'

— o

- | : (\_ .

S
s g
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ecological side, there is an ingensible gradation from the

‘new niche to the new adaptive zone. The broader the zone,

22.. "

rapolation of what takes place within populations and

- species. The key rdle tﬁat the species plays is because,

-

every species (1) is a different aggregation of genes which
controls a unlque eplgenetlc system, (2) occupies a unlque
niche, having found its own specific answer to the demands

of the environment [ the teleologlcql and volltlongl vocab-

“ulary is Mayr's own], (3) is to some extent polymorphic and

can thus adjust to changes aﬂdldﬁriations-of,ité total
environment and (4) is ever ready to budroff/populations
which experiment with new niches. Entire s%ecies or separ-
ate populationé of species may, at any thme,v(S) develop a
new,combination of genes, a new epigenefic system, which_
constitutes a novel and more successful adaptation to the
environment, or (7) shlft to a new ecologlcal niche which
is so favourable tha#% it becomes an entirely new adaptive
zone, and (8) every population that makes such a shié% to

a new adaptive zone is an evolutlonary pioneer and may be-
come the founder of @ new higher category. Thus, accordlng
to Mayr, every /species is an incipient.new genus and every

genus is an incipient new family. The same is true on the

.

' the higher the taxonomic category when fully developed.

[Words underlined italiqized'in Mayr's originai.] THQ”

concept of 'adaptive'zQ'e' will be discussed further‘in the

. section of this thesis "The Problem of Taxonomic Diversit¥".

Q
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The process Qf speciation, even a very active

mult{plica%ion of species, does not necessarily signify

[

great evolutionary activity. . Mayr instances speciation in

such stable types as Drosophila and Culex. .But, with few

exceptions, a breakthrough into a new adaptive zone is

followed by two events: a colossal speed-up in the rate of

evolutlonary change and a perlodNNT“ndaptlve radlatlon. He
cites several of Simpson' 8 works which show how rapidly a
new type mday reach a new/phylogenetic 'grade’ te remain
essentially stable afterwarde (e.f., bats, which were
'modern' by the piddle'eocene). . )

The second aspect of.evegy major and most minor

break-throughs is the great development of many minor types
in the new adaptive'ione. For ine%ance, on the adaptive
plateéu 'bird' there are numerous min;r peaks that can be
ezéupied. The fossil record indicates that many 'experi-"
ments were. made whlch had no lastlng success. Aberrant
types.produced durlng such periods of adaptlve radiation. I
disappear’és rapidly as they appear. If there is no

5

‘ a
serious competition or predators even rather improbable
genotypes may have a chance to survive for a while. They
inevitabiy gi%e away to more successful types in related
brancheF /

"The origin of dlscontlnultles (spe01atlonY. evolu-

tionary divergences (adaptive radiation) and extinction
“

have the greatest effect on the size and structure of the
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taxa and thus the genus-a'bundaince curves - : .

" (1) If a taxon gpeciates actively wi%hout mueh adap-
tlve radlatlon, it will have many spec1es per genus, T

(2) If a taxon radiates actlvely (developing strong
evéldtionary divergences), without -much speciation, it will
develop many monotypic genera.
In most a there will be a mixture of both tend-

encies. Thus, according to Mayr, the independence of these’

two prodesses,. and also that extinction and speciation tend

' to balance each other, is the main reason /for the shape of

the genus-abundance 'cﬁrve. - / . .
Nevertheless the existence of monotypic genera, so ,

important.a faetoé in determining the, shape of the genus- :

abundance curve, troubles many taxonomists, such as

Platnick (1976). He wouid allow them.only when it is

known that the other sibling species in a dichotomous ;

branching has become extinct. Meyp (1963, page 342) is

soﬁewhat ambiguous in that he implies that tﬁere are - too

many monotypic genera yet‘tendsto create pfoportionaily

more by his taxonpmic revisions. He says: "An additional

benefit of the adoptlon of the polytyplc species is that it T

has contributed to the reevaluation and simplification of

the geﬁeric classification. [Of bipds] +For instance, as

soon as the 19,000 nominal species of birds were grouped

into polytypic species, it _became evident that many of the

then accepted generé were monotypic. ZEach such genus Qés
oo S 3
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nothing more than a° designation for a morphologically

_distinct speciest The genus, thus defined, coincided with

—

e

a’ﬁEiytypic sﬁecies and failed to perform its true'func-
Pioﬁ.‘namely. that of indicating relationship between
species.' To restore the balance a lumping of avian genera
on a vast scale became necessary, reduclng them from be-
tween 6000 and 7000 (the number recognized by several

authors around 1920) to about 1700 or 1800 (the number cur

' réntly'recognized) > In the course of reevaluation of the

genus it was p0831b1e to show that “morphologlcal“ dlffer-'
‘ences. dlstlngulsh almost any two spe01es (except 31b11ng
gspecies) and that mere morphologlqal difference is there-
fore a useless géneric criterion. Indeed, rather striking
morphological dlfferences can so?ﬁ;ames be found even among
dlfferent sub species of a gingle polytypic species. {»//
Deflnlng the genus as.a group of related spe01es permits |
considerab;e simplification oﬁbthe genus coﬁcept."

Péradoxicallyf after reevaluation was completed (ngr ’
and Amadon, 1951), fully 41% of the genera of birds wgre,
monotypic (Gruson, 1976), an increase from 31% before fhe
recension. -

| While Mayr made no slggestion as to the actual

ghape of the genﬁs-ab dance curve, Koch hypotﬁesized that

he noted tha

4
are the rule rather’ than the exception. He gives the

it should bev7ognorma1. In two papers (Koch.\1966, 1969), .

in much biological data skewed frequencies




number of species per genus as|one of his examples. When

many biologic';.'l skewed frequenciesg are plotted on semilog

paper; a frequency cu';'vé' results which is called the log- ‘}
- normal curve. ‘ S - . T

The lognormal’ curve has been little used and much -
misurid'erstoodl. Although, it’hhpas many of +the p'roperties of‘ '
the normal curve, it differs in.many important respects '
(Aitchison and Brown, 1966). Where the norrnai. curve arises

by the‘ addition of a large number of small, indépendent,

" random \fariables; the loénormal curve arises by the multi-

L3

plication of a large number of -sméll. independent, random

proportionate variables. A comparison of the normal and

™~
lognormal equations points to another important difference: p ’ '
N % ‘
Normal curve: .
L ) .2 o - L. ,
y = —=— exp[-4V(x-%) ] - Equ. 3. J
" Jenv . . o

«

Lognormal curve:

- 2 '
= exp[-iVL(logx'-xL)] : © Equ. b, .

Z"VL

- where X; and V, .are the logarithmic mean and variance re-

spectively. Note the ‘factor 1/x in the lognormal curve

. which ensures that the curve-{’ié skewed even when plotted on
semilog paper - that is, the lognormal curve is not usually
a curve in which the logarithm 6f the random variate x is

normally distributed (where x is not).
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¢ Koch ‘claims that the lognorx:ial generating procesé
ar'i.sés logically in the process of classification and re-
sults in a lognoimally fdistributed genus-abundance inde-’
pendent of any historical evolutionary processes. That is,

*

the genus-abundance curve is an artifact. According to

—

‘Koch, each taxon may be divided into species in which con-

.

staﬂt proporfions have one or otﬁer é.racteristics. -If
the proportion does not depend on which taxon is under con-

sideration and if there are enough charécteristics\xsed in

?

the classification, then the conditions will be met such
that the lognormal distribution results.

This hypothesis is examined in the sec{'éb;.én of thig—
thesis 'Hypotheses of.Art;'L"fic\iality'. ‘ .'/

" Koch makes a second suggestion for a mechanism 'to

- generate the genus-abundance curve. First, he discusses

how a lognormal curve results from an autgl)catalytic

-processi’ &

o # »

InNg= InN, + At ‘Equ. 5‘."

where Nf ig the numbtaxr of entities-finally présen’c, Ni
initially present, ) the growt.h rate and t the duration.
N, is dognormally distributed if A or t is normally dis-
tributed (but not both) or N, is lognormally distributed. ’
Afgding from the normally distributed lag in the germin-
ation of seeds, Kochthen gene_ara.lizes to a.ny‘ .n'ozjmally dis-
tributed lag process, replaces 1. b‘y t-L, where L is lag.

TET B W oty nak e b SIS ana ST AT
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InN

e = 1,nN1+.)‘t - AL - Equ. -6.

f

He gives several examples where this relatienship obtaips,
thenhe says: "It is possible that the 'evolutionary time
during which radiation of species takes placde is normally
distributed, and thus the number of species per family,

.order, etc., is lognormally distributed.”

Koch can only mean that there is a lag between the -

opening of an evolutionary opportunity and the evolution

of e species adapted to exploit this opportunity and the .

lag is 1ogar1thmlcally distributed. -I can find no- evidence

for this 1ntr1gu1ng suggestlon. A mathematically equlval-
ent situation is to allow the evolutionary time to be log-
arlthmlcally distributed. Preston (1969) suggests that
such a time dlstributlon is not uncommon biologically. I
think Koch is wrong in suggesting that such a situation
would lead to a lognofmal genus-abundance curve. Opening
of time 'gates' with 'processing' is a queuing process

‘ (Morse, 1965)'and a logarithm@c parameter of either arrival
or‘processing (but not both) would lead to-a'logpoissoh
genus-abundance distribution.

- ! .
Slmberloff (1970) considered the average number of

3

r

species per genus on an 1sland compared to the adaacent

W

mdinland. W1111mms (1964) had determlned the expected

average by placing chips for species with numbers on the
. \ A ‘.




chips for ggneré'in a box and withdrawing N chips. Simber--
:\loff did it by generating random numbers on a computer.

With . the.la.rge numbers available it was easy to compér:a

set of species found on a real island with. the dlstrlbutlon /-

of gets of spe01es drawn randomly from the. gource a,rea,x . ]

-

that is, the ad,]acen_t mainland.

.

One of his conclusions is relevant to this thesis,

viz, taxon”omicssplitting“‘ér lumping or size of the source

area had little effect. . . \ ]

. Simberloff's study may seem peripheral, but it may

be fegarded as the same problem reversed. For Simberloff:
Given a selectlon f;';m a source genus-abundance dlstm- )
"bution, what 'l:heoa;et:l.cal genus-abundance dlstrn.putlon mlg'r'ﬁ
,be expected; for this thesis: ' Given a real genus-abund/ance

. dlstrlbutlon, what might be the theoretical 'source' genus-.

¢ " abundance distribution? ' ' ’
Simberloff (1972) and his associates (Raup et al.,

1973) t:’cy; t8 answer the central question: “Can the pro- .

cesses resulting in local equilibria in ecologiltal time

)

. " also, be used to predlct events in evolutlonary time? J and

Teus whether an equilibrium pattern of phylet:.c radiation

&

can exist and if so what its characterigtics would be’f“' ’ 5

d _ ' ) They tested py co/nputer modeling, The details of

the programme aregperiphéral to this tWesls. but the con-

stré‘lnts are relevant. ) .

. 3 1
An arbitrary time scale was est%blished and a

-
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[ ~ single 'ancestor' was entered at the beginning of time.

The ancestpr was nade to advance thréugh time and as it ¢
adv‘anced its fate was controlled by generated random num- ‘
bers. A't‘ each time unit the lineage could beeome extinct
or persist to the next time unit or persist to the next
time unit with branching. The probabilities of these three
fates were supplied as input constants. Branches became .

v

-subject . to the saﬁle r‘éndomly 'controlied development‘in
time. i )
’ ‘ 'Ifj‘ the probabili‘ty of branching is E:onsistently
.' ' higher than the probability of extinction, then the number'
- of lineages will inc&r—;ase beyond bvounds. 'A témporary in-
crease was onallowed by the programme but a control was in-
f‘gluded for controlling diversity. The equilibrium di:ver-‘
sity was preassigned wfawhen it was reached the branching
. prc'ababili’cies' automatically dr0ppeﬁ to the exti'r::tion prob-
. 'ability. Di.ver.sity this oscillated randomly about the
equilibrium value. -Tﬁé oscillétion was damped by increas- .
‘ | ing or éecre}asing th.e prdb;bility of branching in pro-
portion. to the deviation of diversity from the equiiibrium

value. P '
. [The controk of diversity is biologically real-

~ istid. Much modern ecolégical.theo’ry is concerned with the

mechani§m and. extent of such control kMacArthur and Wilson,’

1_967; May, 1975; Pielou, 1975) . For historical examples

. \ involving in‘cefcohtinentél faunal ipterchange, sée Simpson

14

»
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ﬂ Tﬁere;were, of‘course, no mo;phq}ogical data and so
. a cladistié epproech yas'used for subdividing the,eimulaﬁed
phylogehy. Rbutines were added to the programme to define
, subunits ( clades ) automatlcally ' 4
e The results of the programme were reminiscent of

e

- “the - relatlonshlps. numbers 'and distxribution in tlme of

ephemeral groups, rapld early radlatlon and extinction,
¢

multlple radiations in time with near extlnctlons between,
flourlsh;gg groups that meet with sudden extinction, flour—

-

1ng groyps which domlnate the dlagram at the 'end’.

i ' Raup et al note that: "When. faced with. such vari-
‘ations in evolutlonaf& patterns, paleontologlsts are in-
elined to SUSpect or even -to postulate that the organlsms P

lnvolved are lnherently dlfferent - th&t\the various taxo-
\

. tial because they differ in populat1on structure, repro--
' o .o .

8

ductive Eystéhs, mutation rates, d@sﬁersal systems, and S0

on. But the-eimulation modeling shows that tWohor more

groups operating under identicallconstraiﬁts - that' is,
! haylng the same evolutlonary potentlal - can behave very
R,

dlfferently; qﬂe»do not e out that such differences in

-the phyldgeny dlagrams made popular by Romer (1966) . showing"

various taxa. All the real evoij;;onary histories are sim-
ulateda Long-llved llneé that fever reglly flourish. small:

lshlng g#oups with long draWn-out ggtinction, late develop-

nomic groups dlffer from one another in eVolutlonary po ten-,

i
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" the real world may be due to inherent biological differ-

ences. We can only contend that the observed varlatlon
does not in itself demand such an explanation. Above all,
the simulation should be a warning against using patterns
of diversity as the major evidence for dlfferences in evol-
utionary potentlal " [Underlined words italicized in the .
original.] 'As,notgg, this is also Mayr's (1963) conclusion.
7 of gpeat interest is g 'survivofship curve' p%otted
for 158 cqﬁputer Iingéges from one run. The lineage dur-

(4

‘ation in computer timg‘ﬁnits is plotted on -the x-aiis and .

_the number of lineages surviving for x time units is’ plBt%- V/ o

ed logarlthmlcally on the. y-axls. . The data approximate

A
_ the slope of é line equlvaLEnt to the average extlnctlon o

probability to time X, but there are tof few 'old' taxa and

too'many 'middle-aged' taxa. A simi result is obtained o 4

from a plot of real data from 141 extlnct reptile llneages.

Tngse curves are reminiscent of some of W1111ams (196&) C //
loéserles results (c,f.. his table 60, page 137) and one “
could“pe tempted into thinking that this is ‘the genesis of

the genﬁs-abuﬁhance curve ‘if it eould be shown that in the
real world the ephemeral clades consisgt of only one or %wo
specles wale gR?. mldd}e-gged' and 'old' clades have an
%ntermediate and large humber 6: species respectively. -

However, this does not seem to be true.

'ﬁhderédq (1974), in.a major papef. Patterns of ' .

£ '

Faunal Bvolution, has reviewed almost all of the relevant

€ 2N
"\



* literature on genus-abundance. He claimg that the various.
explanations offered for the pattern of genus—énundance
are‘idiosyncratic of the theorist and are related to the

‘ historic inter;lay of stochastic and deterministic'philo-“}
sophical concepts. F}xrthermope, he- cléﬂ that eco¥ogical

and evolutionary theorists 23pmonly have been biaged to-

EY

wards deterministic models or components of nedels and have
tended to neglect stochastic modelg. They also fall intg
the 'reductionist' fallacy: by studying the parts alone

LS (
one can understand the whole.

! ' -
He says that it was just such a deterministic bias h

that was the reasor that Willis so repeatedly used the term
'mechanism' and why Williams (196kL, pagel2l) found it—"very
difficult tolaceent [Yuleis].a. assumptions" of probabal-

’ "

istic species formation. I think that here Anderson is
mlslnterpretlng Yule, who 1s as much or 'as llttle a mech-
' anist as Willis, and one can only applaud Williams' good

sense in reaectlng Yule s regular and mechanical gener-
s ..
atlon of gpecies. As for Willis, no one has ever beep able
. {
to determine what he meant by 'mechanism'. Anderson is on

k]
~

firmer graund in accuslng Chamberlln of a deterministic
' blas. 'Chamberllncaccepted a theory of "regularkdlchotomousv
‘ géneric increase" because "there is’required just some such
Ua31c theory of as fundamental nature as this to furnlsh
an adequate reason for the curve's actual occurence."

(Y ‘

o ; MacArthur g (1957) broken-stick model necessitates

Al

Lo o
[ - ,
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lﬁhree assumptions according to Anderson - but MacArthu;
made only two. First, the tétal nuﬁber of individuals in .
the sam is equivalent to the occupancy of the whole én-
'Vﬁronment. This is the assumption of continuéus_niches.
Second,qthe gpecies are eqqivalent to the niches. Thisg is
the assumption of non—oﬁérlapﬁing. But, according to
Anderson, because of MécArthur'é deterministic bias he’
omitted the assumption of randomness in drawing conclus-
ions' from the model of non-ovg?lapﬁing niches of random
sizgs in a completely utiliied envirotment. &hus, there
shéuld be a third assumption: the functional ;ommunity is
:brokenfrandomly\ipio these continuous non-overlapping °
niches. The third assuﬁptioﬁ is not mentioned by Mac-
Arthur nor was any biblogical premise given for assuming

a random breakage. Anderson says: "The first two assump-

) \ ,
—— tions, being by definition determined by the sample, could

not show disagreement in comparison of model and data.
Hencg agreement qf modei-qnd data pagvide evidence only for
randomness and not £or coﬁtinnity or non-overlapping of
niches. )

I believe that Anderson is mistaken in this critic-
_ism. If agreement provided evidence only for randomness '

then the random variate - biomass or individuals - would

; approximate a known centra}—limit type distribution, as

held for instance by Preston (1962). It was just such\ﬁﬁ

failure of 'ordinary' randomness which led MacArthur to
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formulate the broken-stick model. Purbuiﬁg this point

further leads to consideration of ecological diVersity and

’

not taxonomic diversity. -Hairston (1959, 1969) reviews the

'
’

problem. -
Anderson calls a;\éntlon to the 'dearth' of dls— ,
cussions of frequency distribd tlons of- genera\and species

that is one of -the major patterns of faunal evolution. He

claims that an aggregate of only about four pages in

Simpson, Sokal and Sneath, Hennig and Mayr (op. cit.)
refer to the rdle of 'mere chance'. This dearth compares
to the hundreds of pages devoted to "relatively reduction-
ist and deterministic concepts” - mutation frequencies,
natural selection and adaptation in populations in smaller
groups. He admits to the 1mportance of these concepts but
denies that they will lead to an understanding or predict-
ion of the major pattern. ) . /'

‘ " He notes that Williams (in a series of pre-1948
papers summarized in Williams, 1964) says that the log-

series can be applied to a great varlety of blologlcal

problems in which 'n'’ 1s‘var10psly the humber of species

per éenus. the\ﬁﬁﬁber of genera per famiiy, the number of
parasites per host.and even the nump&r of research papgrs
: pef biologist published in a particular year. He a}s@’

notes Kendall's (1948a)” statement:s "It is hard to.belipve
' that a single mechaﬁism w%}l éé found to explain the re-

levance of thqﬂlogarithmic gseries to all ‘these problems..."
: ' T
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Anderson cites Kendall (1948a, 1948b) as the type
of study required to elucidate the mechanism leading to the

genus-abundance distribution. These two papers, in which

o

5

Kendall follows up Fisher, Corbet and Williams (1943),

describe several discontinuous Markov processes which lead

to distgibution"qf negative binomial and logarithmic
series form. Kendall's stochastic processes operate in a
hypothetical pépulation where numbers fluctuate with mort-
ality, binary reproduction and immigration.

" Anderson suggests that Kendall's gquations can be

applied to faunal evolution b&'letting births equal species

splits, deaths equal extinction, and applied to ecological
communi ties by letting immigration equal the arrival of néw'
species.

Anderson sees a "poignant" [sic] struggle be'tween

;the taxonomists and nature in the matter of mbnotypic gen-

. era. He quotes Lynch (1977, page 19) who discusses the

"need" to recognize monotypic genera in a recent complete
revision of the lepto@actylidﬁtoahs. ‘At the same time
Lynch says that monotypic genera had been recognized in
the past because taxonomists did not knowvtheir relgjicﬁ://
ship, that is, monotypic génera are a symptéq/uf/én in-

complete classification. Anderson also . quotes Mayr (1963,

page 236) who states that: "Excessively large genera as

well as an excessive number of monotypic genera reduce the

usefulness of a classification for information retrieval."®
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Anderson comments rather acerbically that: "The universe

-

does not seem to have been designed by an information re-

)trieval gpecialist."

Anderson examines the genus-abundance curves for .

higher taxa for mammals, birds, qmphibians, reptilgs,
<

,Hymenoﬁtera and Chironomidae. Tﬁe data are new. The mam-

.mal data are from am-unpublished—synopsis prepared by a

téém of graduate students and staff at the museum of the
’\\_—4» ’
University of Kansas and not, apparently, from his own and

later Recent Mammals of the World (Andéfsoh_?nd Jones,

1967) . Anderson does not give explicitlyhis source for
birds except “as classified by recent workers". It is pro-
bably from Peters (1931+). The amphipians and reptiles are
?lso~a gfoup effort - an‘unpuplisﬁéd synopsis prepared by

another team of graduate students and gtaff.
Anderson plots the data on a log-log graph. He

notes that the hollow curve results from’ an' arithmetic plot .

of a frequency histogram. He says: "The‘similariE}es in

cumulative frequency distributions produced by studies

.ﬁroceeding from different taxonomic premises reduces the

iikelihood that the pattern is imposed by the examiner
rather than the prOpertieé of the uni;erse being studied,"
He then makes'the écute observation that non-consistent
classifications may be self correcting, Taxonomists have
various biases and one bias is against taxa of q&;hér»Qery

large or very small size. Thus the splitters wi

)

11 split

IS \
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large taxa while lumpérs will lump small taxa - both theré-
by contributing to the centrist ﬁendency.

) “ He purports to give several instances of this, tend-

’ ency from the data he plots. For instance, the Linnaean )
clagsification is‘truncated at both ends, there being~f¢w
monotypic genera while the iaréer taxa are relatively .
smaller tﬁan in post-Linnaean classificqtions. He also

cites a numerical taxonomic study of megachilid bees by

Michener and Sokal (1957); The smallest genus allowed by

" these authors contains 18 gpecies. But the numbers (in a

. humerical faxongmic sense) clearly show according to Ander-
3 | ‘ son.tgat‘there gshould be eight mo;otypic genera and there- -
; . fore Michener andsSokai are biased against Epall genera. / 5
Neither of E;bés particular examples‘is parti- '
' cularly valid. Th? criticism of Michener énﬁ Sokal merely
illustrates that numerical taxomomists and numerical taxon-
omy are as subjective as classical taxonomists and classi-
cal taxonomy. Besides thig, Sokal, who is the in&entor of
the tebhgique, Eas never been accused of, or demonstrated

such a bias before or since. .

["Nﬁmerical taxonomy is the evaluation by numer-

. . ) I
ical methods of the affinity or similarity between taxon-:

omic units and the employment of these affinities in erect-. - -- —

ing a hierarchical order of taxa." It is claimed that the

fechnique ist "..objective and repeatable, both in evalu-

ation of taxonomic affinities and in the erection of

.
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taxa..." as opposed to the "...intuitive approach of the
past." Sokal and Sneath (1963, page viii).] -
v ‘In his criticism of Linnaeus, Anderson clearly
shows that he has completely misunderstgod the nature of
Linnaean genera. Linnaean genera are closé‘to what are no%
congidered to 5e orders (Cain, 1956) and there are propof%
tionally fewer monotypic ordérs thaﬁ monqjypic genera.
This would apcouﬁt for the lower-end truncation. -The top
truncation is simply that Linnaeus.did.not know enough

species to f£ill yp his genera. For instance, in the

twelfth edition of Systema Naturae (Linnaqus¢€1766), Lin-

naeus puts all the 17 species of frogs and toéds that ‘he
knew into ngg. Gorham (£97h) recognizes nearly 3000
species of frogs and tpadé distributed among 550 genera in
the order Anura. .

Anderson discusses three possible evolutionary

models and their resulting genus-abundance curves. The

. first and second are limiting cases’and are.not realistic.

,Both assume an initial number of species, all in one genus
’ '

in the first case and one genus per species in the second

7

case. In the first case the genus splits and the subgenera

split, -the probability of splitting being a function of the _

size of the subgenusg. ' In the second case the genera ﬁerge
under the sdme condltlonqL .Both models lead to a broken—
stigk é%undance dlstrlbutlon.

- The third model is a generalized birth-and-death
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fmodel based on Kendal u(1948qx. An approximate equilibrium
would be reached if the number~ef species splitting into
two species is equal, in genera of size~X-1, to the number //

. of species becoming extinct in genera of size Xi~_The equi-

librium frequency is:

\ L4
n =(n_.) 1 . bBx Equ. 7.
A gx-1 " e 5y " g o

B - - ‘ -
é - where.ng %-1 is the numper of genera containing x-1 spe-~\\\
L [ R , )

i : ' cles, né < is the number of genera containing x species,
N ]

by is the extinction rate for species in genera of size x |

and Bx-1 is the rate at which species are generated in gen-

era-of size x-1 speciequ
. The model makes several assumptions: (1) All spe-
cies have an equal probability of splitting. (2) All spe-
' cies have an equal probability of extinétion. (3) Tﬁe ‘
model is not really an equilibrium model since if B>y the
number of species.will increase and if Bsﬁ the number of
-gpecies will decrease. (4) The number of taia shoﬁld d§1 hd
crease with time since (in this model) mono typic genersa have ;D
a pfpbability“of 0.5 of extinction when hit with an evol-

utionary event /(8 = ). Nevertheless, ‘the number ofﬂ%axa

in the middle of the size range will tend to be 'in equi-
librium, except for a probability grédient‘leading to a
K ' ’ slow drift towards smaller groups because of the one-way ' ;,

f /

g gate at the bottom.
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It is unfo;tunate that Anderson, did not carry this
. interesting nodel to its obvious conclusion and include a
'new genera' geperating function which would replace the Lot
monotypic genera lost by extinction. Since every genus

must (logically) contain only one species at first and only

one species at last, a new genus generating function might
' large number of monotyp%é genera.
f Despite this médel, Anderso :
best description of the genus-abundance curve is the in- . ﬁ
“§§L , . verse power function: 1
|
: , |
b Ly =X i | \ Equ. 8.
f ors. logy= 1ogc-mlogx : Equ. 9,

I - -

Anders7n is correct. But t?e power functlon can be

used to fit any inverse hyperb0101d eurve and thus offers -

no‘1n31ghts into the mechanism generating the genus-abund-
ance curve,' that is, it has no theoretical justification.

Furthermore, as will be shown, within the numerical limits
oﬁ a lpg-log plot of the genps-abundance curve, equation'9

. will nearly always give a significent fit; even to a set of ,

. purely raﬁﬁgm numbers if they are ordered from largest to

smallest.

A paper by Kif%singer (1963) cannot be fitted into

any historical perspective. Kissinger is a béetle special-

[

ist:. He seems to have worked in total ignorance of all

b 22
X
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'previous work on genus-abundance. He gives only three ref-

7

erences, one to'a beetle catalegue and two to papérs on

e _ bdetle ecology. I can fiFd no entries to his paper in the

. N o * ) P]
" 'Citation Index'. p
- Vi \

- Kigsinger has amassed an enormous quantity of fata. .
He has reborged the number of species per genus for three °

beetlé‘fam;l’eg - 72,075 species in 7280 genera - and -
1 2

n

tabulatedthem by genera with 2°, 2 , 23, ... ..

y 2
species. The“expected frequency in each log2 class was
galculated using the grouped data as a bése and each of the
twenty plus épbfamilies waslcompared by a chi-square test. - N
Kiseinger then tried to explain the significant deviations
by feference to the ecolog& of the deviant group.

3
\

‘\ ~
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inct niche. Despite this general agreeme

. \
THE PROBLEM OF TAXONOMIC DI ERS?TY

N . \ ‘
Simberloff (1972, and in Raup et ali, 1973) asks

important questions: (1) "Can the procegses .resulting

n local equilibrium in ecological time be used to predfsty

events in evolutignary 'time?", and (Z)L“... whether.an
equilibrium pattern of phyletic radiation can exist, and if
so, what its charécterisjics would be?"

Simberloff implies that if the qulut}onary equi-

libria resemble ecological equiliﬁria,fthen the same pro-

cesses may be operating. In. partlcular, does the close re-

semblance between the spécies-abundance curve and the
genus-abundance curve lmply similar gener;tlng proceeses?
It is generally agreed that the species- agundance curve is
generated by a process which d1v1des the axallabLe re-

sources between species, each of whlch occupies a dist-

there is much

controversy regarding-the actual dividing echanisms, which

.are varlously postdiated to range from equijtable sharlng to

extreme pre- emptlng (see references and discussions in May,

1975; Pielou, 1975; and Whittaker, 1972). |But all hypo-

d

theses which are realistic subsume Gauss' nle of competi-
tive exclusion - no two species with identfcal ecological
requlrements can coexist in the same ecosystem. The resources
exploited by ‘one specles are not available to another.

Further, the number of individuals or biomass of a species

. ' . ¢ 'Y
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A second r;qui}ement of all the hypotheses is that
e system must be undisturbed long enough to come to equi-'
Therefore to answer Simberloff's questiqps we must
first assume that competitive exclusion exists between gen-
ra (and other trans-specific taxa), that is, a 'generic
iche’ exists, no twéqgenera with ident%cél ecological re-
uirements can coexist in the "same ecosystem, the resources
Fxp;oitgg by one genus are not avaiiablg to another and the
bumber of species in a genus is 3, direct function of the
amount of 'genericcreéource' exﬁlofted Sébond we must

assume that genera and species are 1ong-11ved enough to

wallow theagenus-abundance curve to come to equlllbrlum.'

L
1

/Adaptive zones and thengenus nicﬁ;
[
1

The llterature on generlc competltlon is amblguous.
Mayr, Linsley and U31nger (1953) claim it exlsts Van Valen
_(19?1) is not so certaln.

Van Valen dlscusses prlmarlly ordinal adaptlve
zones. What he says 1s fglldly extendable to ubordlnal

g
- and supraordinal and other hlgher and lower ad tive zones.

- The term 'adaptive.zone' (Simpson, 194k4), 'adaptive
plateau’ and 'adaptive peak' are used b&OVan Valen (1971),
Mayr (1963) and Mayr, Linsley and Usinger (1953) in

o




an ecollglcal sense as synonyms for m.ches of taxa higher

es. Dobzhansky (1951) useg, peaks,n valleys

L2}

Lol

o®
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e

ea'usqn a genetic adapti'\;'g sense. The concept
ack to Wright (1923).

According to Van Valen, adaptufe zones in the senseé
‘u-:‘x: of Simpson (1953) and Van Valen (1963) have two 1ndepend-

N ent components: use of resources which are part of a lower

.2

ieh are aspecfts of va higher trophic level., He says:

ic level "

o

ysmal and bidtic resources of the world, -or a.ny commun—

, He further states that we can envision the .

s as constl‘ci't:lng a bounded m,ultldn.mensronal 'resource

ace' in wh;Lch ...there are strong differences in density

. .o ./
t correspond to the degree /of development of the adapt-

ve- zones in ®ach reglon of the resourde space, whether or
ot these zones are occupled. Van VaJ.en defines an adapt-
jve zong as the niche of any taxon, especially a supra-
ecifi¢ one. According t6 him both terms - resource space
d adaptive zone - sometimes refer to the aspects of the
e °{rirorﬁ'flenp and sometimes to linteractic,ms of members of_a:

axon with the ‘enviromnent. This latter" use excludes the

}"I therefore restrict adapt:.ve zone' to its envi-
. rnmen‘qal meaning, i.e., some part of the resource space

tge:the!r with relevant predation and parasitiém. and intz:?-

|

.

ompetltlon oceurs Wl‘thln adaptlve zoties, at the same tro-

-t




\ o . I 46.

; . duce as‘'a technical term way of life (olrigina.li in italics),

te |
.

with i’cs everyday tgeaning\for the interaction. 'Way of
lii‘«e is also broader than 'adaptive zone *tin that the com-
pejtitlve interactions are included. We must exclude the
latter from the concept of adaptive zone, or else we can't.
even consider' the possibility of two taxa competing within
" the-same adaptive zoné." !
This is ambiguous, and perhaps understandably so;
‘since Van Valen is struggling with a cgncept that has
hardly yet been gonsidered by ecologists. He may be call-
iné what is an adaptive zone in the éense of Mayr a 'way of
life, thus ralsmg the everyday meam.ng of 'way of life’
v {f - which is usua.lly applied to species and applying it to

trans-specific catagories, while at the same time redefin- L

ing adaptive zone. It is not{ clear, however,hwhether the

| 'competition. allowed in the ‘wé\y‘ of life' is species-species

;P ‘ interaction - and thlils orthodox Darwinianism - or is trans- ' \
: " - specific intera;:tion, that is, bYetween, taxa higher than

o | species but at the same trophij level - and thus a new
hypothesis. He goes on to say that adaptive zones are part‘

J of the env1ronment and exist 1ndependently of the taxons to

exploit tbem (‘the 'empty ‘niche’ concept f‘aised to the
i ’ PO . trans-specific level) and that the way of ,llfe nust be fit-
* ted to some adaptive zone but may occupy only a small part

S 'of a larger, relatively undivided zone. Hé then becomes

completely ambiguous: "The part of the resource space in-

(<]
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cluded in an adaptive 2z¢ne may be called a resource Zone;

resource usge then corresponds to way of life' with respect

to resources.* (Underlined words italicized in: the orig-

inal.)

Van Valen can not mean that part of the resource
space ig not in the adaptive zone; but that is what he is
saying.‘However he does specifically state that the ex- ‘ ““
tinction of higher taxa (he uses the Multituberculata as an
example) has probably often occured by "gradual infil+tr-
atlon of their adaptive zone by one or.more other taxa."
Thus, competition can occur in the adaptive zone after all,
and it can occur between taxa higher than species. )

Accordiné to Mayr, Linsley and Uéinger (1953, page
49 and following) the genus is more than a group of species
descended from a common ancestor and possessing certain
morphological charac:zrs in éommon. Upon close examinapion

it is usually found at all species in a genus occupy a

‘more or less well-defined ecological niche. ."The genus is

thus a group of sp:zles adapted fer a particular mode of

life. The 'genus niche' is obv1ously broader than the

\

'species niche', but both exist.” Further (page 115). just

as no two species with identical ecological -requirements

can coexist 1n the same place, likewise for genera and

i

still higher categories; each'occupy a separate mdaptive

plateau (citing Dobzhansky, 1951)‘orhadaptive zone (citing

“

- Simpson, 1944). . Loy o !
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Mayr et al. (1953) ingtance Lack's (1947) study of
Darwin's finches in the Galapago\s where each genus is re-
gtricted to a separate zone: Geogiza - ground finéhes.

Camarhynchus - _tree finches, Certhidae - warbler finches.

Both Van Valen and Mayr (1963) accept the concept .
of the 'empty nighe' or 'emp@jdaptive zone ' . This con-
cept is somewhat peripheral to this thesis but does merit -
gome qbnsideration. . T u

Mayr (1963, paée 87) begs the question then pro-
ceéds to give instances. He  asks: "Why are so many empty
'niches unfilled?" He notes that there are ﬁenty—eight

gpeciesg of woodpéckers ;.n Borneo and'“Sumatra and none 1n
’ tl?e similar forsts of New Guinea. According'{:o Mayr, the ~
y:;:odpecker niches seem to bé almost :taca;at east of Weber's

Line. ([Weber's Line is an imaginary line separating those ‘

<

islands of the East Indies with a prep'ondera.nt Malayan
fauna from those with a preponderant Papuan fauna.]
Arniother example he gives is the opening of the Suez

Canal which pe;mittéd more than a dozen Red Sea species to

‘—invade the !‘diterranean without apparently displacing any

pative species. The invaders must have found partly un-'
occupied niches. Mayr claims, that an invading species only
rarely displaces a native species from its niche. He-gives

the European Starling, Sturnus vulgaris, in North America

as an example. He has chosen arparticularly bad example

here. The starling and the Eastern Bluebird, /éialis'sialis

f
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compete for nesting sites. Since the Starling nests earl-

ier, Blueblrds find mos; nesting sites already occupled.

The Bluebird 1s now scarce where it is sympatrlc with the g -

Starling (Pough, 1949). Mayr also 01tes a study that shows
that desert ants occupy dlfferent nlches in the Old and New
Worlds (Kusnezov. 1956) - presumably if the two ant faun7s
were mixed the& would not compete.

Mayr adﬂits that the concept qf a vasant niche ;s

not popular'with ecologists. Ecologists would hold that

. the New Guinean insect larvae not eaten by woodpeckers are

otherwise disposed of. But Mayr says that this is not the -
\
same as fllllng the woodpecker niche. If a local biota can

' be enriched by a new species, it proves [sic] that a vacant

niche had existed.JHe gseems to have ignored the possibility
that a species can invade by subdividing a previously occu-
pied niche and thus, in a sense, creating a 'new niche. Nor '
need there be any diminuation in the biomass of the other
species since some factor, not shared, may be the limiting

factor.

Bats versus Birdss A possible example of trans-specific

comgetition.

If taxa highep than species do not ocbupy adaptive
zones by competitive exclusion, then even more serious eco-

logical problems are raised, For instance, consider the

bats and theEd{./ o ~ |
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All the data for the following section is from the
artlcles in Grzimek (1972)- on swallows by Peters; hwg;ts by
Slck Melse. de Roo and Smythles; owls by K8ig; oilbirds by
Dorst; Podargues and owlet nlghtaars by Sevrenty; potocs by
Sick; nightjars by Lehonten; falcons by Mebs and bats by
. Eisentraut. Further information on bats is from Wimsatt _
(1970), ‘Allen (1939) and Walker (1964). Further infofﬁation
on birds is frog the articles in Thpmson (1964), on o0il-~
birds by Snow; swallows by Thomson; swi?ts by Lack;”potooé
' by Hamerstrom; nightjars by Junge and frogmout@s by Sev-
renty. '
’ As far as is known‘ther; a{k no diurnal bats.
| Within the bats, there are two general 'modes of life. The
megachlroptera are nocturnal fruit and flower eaters,
' locatlng their food by scent - and by sight on bright
‘nightg - and using echolocation only to avoid obstacles.
The michrochiroptera are génerally nocturnal insect-eaters.
They hunt flying insects by eéholocgtion and capture and
eat them on théjwing. Bats never hunt like avian flycatch-
Aers, gortieing f;omrperches to capfﬁ}e passing insects, nor

do they forage for insects on vegetation‘or on the ground.

A very few michqochiropteran sg#cies have taken-up other

! 4

modes of life: one is a vampife, two or three capture
and eat small fish from surface waters and'there igs circum-
stantial evidence that a fe@'species may be crepuscular and

nocturnal raptors preying on late-flying birds and noctur-

\\ \

/
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nal insectivorous bats. There are about 120 species of
frugivorous bats and about 700 species of insectivorous

~ N

pats. ~ ;e /
Insectivorous"bats'pdsseSS'hmzirime adaptations to

”

their way of life. First, insect flight is highly depend- o
ent on weather and temperaturej bats can go‘into torpor tou
waitagﬁt unfavourable times. Sécond\ most night-flying
insects are invisible; bats have a suberb echolocating’,
ability. ,

As far as is known there are no nocturnal birds
which ‘hawk’ after ingects in the mann;r of bats. There
are three major taxa of birds which hawk after insecfsa the
swallows, Hirundinidae, 74 species; the swifts, Apodiformes
in part, 74 species; and some of the 97 species of Capri-
mulgiformes. Two owls, Qtus trichopsis and Micrathene
whitneyi, have also been observed to hawk after flying 'in-
sects. ; ' ‘

Swifts and swallows are strictly diurnal. The
nightjars, Caprimulgidae, 72 species, are mainly nocturhal
foragérs, those that hawk are-crepuscular and feed only
during the relatively brief twilight hours of dusk and
dawn. Caprimulgus may hunt on nights when there is a
. bright moon, apparently flying low and silhouetting insgéts

agéinst the brighter sky. The Night-Hawk, Cordeiles minor,
actually hunts while the sun is up.

'Thege are no apparent barriers to the invasion of-

-
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the bats' nocturnal adaptive zone by birds, Birds possess

\

the main adaptive features of bats - torpor and echolocat- 1

ion and some species of swiftlets (Collocallis) possess
both. Some swifts and some nightjars can go into fdrpor
"during pe;iods of unfavourable insect hunting weather.
-Echolocétion ig well developed in.éome species of swify- '
lets, but is used exclusive;y‘tg guide flight-ih\fge liéht-
less caves in which they nest. Otherwise, swiftlets hunt
by day. Those swiftlet species that.cannot echolocate .
nest in the -twilight zone of caves. Some swiftézaﬁparently
fly all ﬁight. Both Lack and Sick (in Grzimek (1972) and
Thomson (1964)) accept as true that non-nesting and juven-
ile individuals of some species of swifts spend the“nightl
aloft at considerable attitude, certainly over 2000 meters.
There do not seem to be any reports of these bi:ds feeding
at night, in any'case the number of flying insects at'this
height must Be very small compared to the number near the
ground.

There is one very interesting exception to the rule

that birds do—not behave like bats and vice versa. The

KOilbird, Steatornig caripensig (Caprimulgiformes), is

~ strictly nbcturnal. nests in caves, can eéhdlocate and does
\éo to avoid obs;dcles)while f%ying and feeds on fruit which
it finds by smell and sight. This is exactly the habit of
a fruit-eating bat. This species is apparently the oniy‘
night-flying, fruit-eating bird. The gnique 0ilbird
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has thus not beenexcluded from the fruit-bat a;iaptive zone.
I suggest that this is Because there are no fruit-bats
sympatric with the Oilbird. The range of the Oilbird is
generally in northern South America and the adjacent is-
lands. There are no fruit-bats in the New World and hence
an 'empty niche' or empty adaptive zone exists to be fillgd
by any species seizing the opportunity.

[The batcfamily Emballonuridae which iﬁpgympatric
with the Oilb;rd is reputed to\b? mainly insectivorous but

occasionally frugivorous. I can not find any reference to

v oo ¥ '
fruit eating in this family except for a statement, re-

peated in all references, of some "nibbled épave beans" on

_the floor of a cave inhabited by a species of thié'family.

Genus entries in Walker (1975) indicate that the species
are insectivorous, fish-eaters or 8o rare and local that
nothing is known.abogt their feeding habits.]

| If bats as a taxon do not exclude birds as'a taxon,
then we must supbose that.either some morphological or, ‘
physiological barrier permanently excludes bats from catch-
ing day-flying insects, birds from catching night—flying
1nqec1;s, bats from daytime frult-eatlngx birds from night-

J“tlma frult eating; or there has been a one-onh-one, bat—onr

bird competitive interaction in which the bats alwaysg won

~the night and the birds'égngs won the day. In view of the

bird adaptations noted, and in view of the long time in-

volved for interactions to occur (both bats and swifts were

¥
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present in the Eocene for instance (Romer, 1966, 1968)), .

both 4 barrier hypothesis and a species-species interaction -

L4

hypothesis seem highly unlikely. Therefore one is left

’ 1
with a taxon-taxon interaction at a level higher than the
species by default, however hard it may be to visualize a

mechanisnm.

Y

The longevity of species

In agfiition +to the assumption of éompetitive ex-
clusion at the trans-specific level, we must also assqu "
that sufficient time is available for the genus-abundance '
curve to come to equilibrium. If spe¢ies and higher taxa -
are too ephemeral, then the genus—abundance curve would be
the result of pure random processes; if sufficient time is
. avallable, random processes mlght still be operative but
biological processes might also pome-lnto play.

Rensch (1960) has published some data on the long-

evity of various taxa and one can also extract additional

r

data from Romer's (1966, 1968) taxonomic lists. It must be

realized that all such data are truncated. Taxa are aged
' by first and last appearance in the fos51l record, Recent
taxa from first appearance to present. In‘all lists Recent
species have'anvépparent shorter 1life span But this is an
artifact since Recent species are‘not yet extinct, We are -
also living close to tpe Pleistocene-Recent boundary and“

boundaries are usually Qefined by the extinction of older

AR
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species and the radiation of newer taxa. This also dis-
torts the data.

A more serious'problem is the highly selected nat-
ure of the fossil record with hard-bodied marinevforms fav-
oured. But there is no rea?on 40 think that such species *
are intrinsicailj either shorter-lived or longer-lived than
soft-bodied speéies. See, for instancé, Berrill's (1955,
page 159) reinterpretation of the Burgess Shale fauna.

‘ Rensch lists the longevity of classes as ranging
from 600 to 170 million years with an averége forgterres-
triél clésses\of 380 million &ears, marine classes average
about~150 million years moré.\ Oraers range from. 410 mill-
ion years according to Rensch (but some Brachiopod orders
are 600 million years dccording to Rudwigkl(1970)), down to
65 million years for birds and mammals. Families are .
equally ancient although some mammal families are as young
as 10 million years., Mammal families average about 25
million years.

4

" Genera range from the sgtupendous 220 million years
for Limulus down to a bare million for many living mammals
such';s Alces (moose). Nevertheless, many common generi
of mammals are more than 20 million yeafs old, such as Sug
°(pigs), Tapirus (tapirs), Canis (dogs), Putorius. (pole-
cats), Lutpa (otters) and Geomys (wood-chucks) - and many
yéry common genera of birds aig 50 to 60 million years old,

among ﬁhem‘Aguila (eagles).

@ !
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The l;mgeviﬁ of Spegies presents a problem. It is
impossible to decide how cloge the genome of a fossil
species isl to a later fossil or to a living species
although there may be a close phenptypic resemblance., For
instance, Hyman (1959, page 577) states: “Although the -
genus Lingu}a is known since the Ordoyician, reckoned ét

356,000,000 years ago, no existing gpecies of Lingula

goes 'ver)y far back, contrary to current belief."a. '(Unfier-
lining in italics in qr::Lgina_l:) She gives no evidéﬁéé ‘for
this flat sta;:ement, while admitting that the difference
between extinct and present species appeai‘ minor. Indeed,
the 'Red Queen' hypothesis (Van Valen, 1973, 1974; Smith,
1976a) asserts that each evolutidnary.advance.made by one
species in an ecosystem is experienced as a deterioration
of the edvifonmén’c ‘by other species. If evolu‘fion ig to be
a zero-sum game (I prefer the term 'existential 'game.').
_i:hen all species' genomes must change rapidly and steadily
if they are to survive (in existential terms, the prize is
to stay'in the game) . . ‘
| There have been some studies on species longevim
'and rates qf evolution. Smith (1976b) has a mathematical -
model with/‘unquantifiable variables and which tells how
rapi/dly a /species’is evolving when.i't is at the point of
extinctioq. . Webb (1969) asks the. interesting questions

whether extinction-origination is owing to some feedback

mecKanism involving competition between higher taxa

r
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‘and vhether the rate of extinction controls origination.
| .

-

He does not answer these gquestions.
r We are forced to aeccept the conclusions of class-\

1cal morphqlogls't:s regarding the time limits within whlch a

spec:.es can be Sonsn.dered as a species _m the orthodox

serise. B j8rn Kurtén has.done very-.careful work in this

field. References are cdntalned in Kurten (1958) I refer
to Kurten (1?599., 1959b) in what fdﬁows. Lerman (1964)
-has a complete summary of the problem.

v

Kurtén has concentrated on the longevity of mammal-

LSBT

ian species in the Tertiary. He estimates the mean species

&

- longevity’ in years for the Palaepcené, Neogene and Pleisto-

cene., l?s might be expected, the mean age for all marfmalian

kY
o

_Species is lower in the Palaeocene (1,500,000 years) owing

o

. to radiation and the Plfistocene (620,000 years) owing to
~extinction, than in thg Neogene. -In the Neogene, for all
orders, it is a surprisingly high 5,200,000 years. Mean
Neogene 'ages range from a high of 7,500,000 years for <
ingectivores to a low of‘3,"800,000 year; for primates. ' )

It would be legitimate to conclude, egpecially if . ‘

Kurtén's data are indicative of other taxa, that species

ldst through many generations - of the order of several

A hundreds of thousands to millions - which should be time
enough for equilihrium to be reached in any ecosystem T~

imaginable.
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HYPOTHESES OF ARTIFICTATITY

N
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. o, | .
Before considering possible biological mechanisms

which might generate the genus-abundance curve it is

-

necessary 1o exa.mine hypotheses which ascribe the curve to

non-biological mééhanisms. These hyﬁo’thpses have in common

the premise that it is ttrg taxonomic procesgs itself which-
generates the curvegj either the choice of taxonomic

criteria or the t_axonomic; pHilo soph{r. Ta. test these hypo-

theses it is therefore necessary to consider a taxon as if

it wger'e_ an empty construct made according toicertain rules,

a
.

the particular orgapisms. being _ifrelevant.
3 . RS
I have chosen amphibian taxonomy and gmphibian

taxonomists to test the hypotheses that it is the taxonomic

process itself that generates the genus abundance curve.

» -

 There are two reasons for choosing amphi‘b'ians. _
Firsty. &,orhaxh's (1974) checkl'istto'f\'t:he'awqu‘d's a‘niphibians
is cémpie‘{:e—: ;ﬁpatbr;daté;, authoritative and coﬁtains exten-
sive Symonymities. Synonymities are lists of scientific
nameg of taxa which have been r;Jected for onenreason or
another by later revisors of the taxa. Sinde each synonym .
is 1iste;l with the 'currently valid name, a.nd-,has attached
:Lts ‘author 's name and da'l:e, it. :Ls possible to trace the
hlstorlcal process of lumping and splltting in any taxa for

" +tHhe last two hundred“years.

The second .rea'son‘for‘ choosing the amphibians -is

' e




at Schmidt.(1955), Duellman (1977) and Lsuccessive\:iseues

of the /'Herpetological Review' are r:leh sourcee "of anecdot-
| v
all 1nfqrmation about ta.xonomis‘ts, taxonom:.c schools and

thelr :{m‘tluence on’ each other.

-1 I% 1s, of cburse, first necessary that amphlblans ‘
presen]t no peculiaritles of ‘taxonomy or taxonomlc cmteria
not genera.lly present in other taxa, and secondly necessary
that hlbian taxonomists are neither 1ess or more
pecul ar than taxonomls'bs of/other major. taxa. ‘On these »

1nts one can only use 1 e aréument of silence; no one'~

s, suggested that amphibiang or amphibian taxonomists are

> . L
r4

y way pecullar.
The data 't:o test the hypotheses of artlflclallty

were assembled as follows. The Pages of Gorham (19714-) were

pho copled. The species and genus entries.- each with the
spe 1es or genus name, author (and co-author if any) and
date of descripg:ion ~ were- cut from the phe?ocobieg pages

into ngrrow stfixis about half a centimeter wide. There

" were 3384 species slips and 350 gen,ue slips. The slips

were then sorted by author and tabulated by author and date
an crosa-mferepced by. co-author(s) . The number of

species described each decade and the 'describing life' of

each author recorded. The deseribing life is from the date .

of the first ~descrlptioh (species or genus) to the date of

e last deacriptlon for any one author. Part scores for

n bere of species and genera descrlbed were prorated for

e




multiple. authorship.

The Eroportioriate criteria»hnothesis

Koch (1966) suggested that’ taxonomic'processes
themselves could genera#e a lognormal genus-abundance
curve by introducing multlpllcatmn of factors with pro-
portionate variations. ‘He states: "There is one further
mechamsm that 1n‘1:roduces the multiplication of factors
w1th/ proport:.onate varlations and hence tends towards the
lognormal distribution. This mechamsm arises logically in
the process of classlflcation. It may be of great signi-
ficance because it does not require a historical sequence.
Thus. the number of Linnaean species in familles may be
lognormal, because each family may be d:Lvi.ded into spec:.es
in which constant propor.tions have one or other cha;)'aeter—
+istics. If the proportion déeg not depend on which family
is under consa.deration and if: there are enough character- ‘
istics used in the classification, the condltn.ons will be
met [for a lognormal 'genus-abundance distribution]... For
examp@, if'all/organisms are classified on the basis of
eye color, number of digits, mating behavior, number of.

young, diurna71 behavior pattern, etc., then the maximum

E numberaof schies in a family would be the product ‘of the
tinguishable eye -colors. the number of differ-

number of di
ent dlgit numbers, the number of recognizably different
types of ma ing behavior, etc.




.
Koch is not saying that if, for instance, within

a taxon there are two eye colours, . three differeni:‘numbers
of digitsd, four different mating pattems and’ fJ.ve dlffer- e
ent numbers of young, J&nd if these were the basis of
c‘lass"i:?icattion, then there would be 2 xc\j x4 x 5= 120
species. He recogyzeé’/the near universaal occurenée of
character _correlation which will reduce the number of
spec:Les/. What he is saylng is that the tendency- in classi-
fication is multlplicatlve rather than additive and that
the re\suiib% pattern is lognormal rather than ndrmal.ﬁ

' The artff:re;al genera\von of a genus-abundance

pattern w:.thin one taxon requ:.nls that most taxonomists

\
working within that taxon* apply the same criteria in the

e

- A \‘\
.same w‘ay to most of the .species. Consistent applicatton\

_requires a set of agreed-upon criteria which are applied
“~over most of the taxon by one taxonomlst or a school of
like—mlndgc‘l:t;xénoml sts.

The an?ﬁﬁiinegl data were used to “investigate: B
(1) whether one tuommlmg

bian classification or (2) a particular school was res-

esonsible for most amph- i
ponsible and (3) whether there war an agreed-uponiat\og

taxonomic criteria.

+
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Table 11+ The number of amphibian species described by the

top five-percent of describers.
Name of Number of Percent of /
Describer Species All Species School
i . y, -
R Boulenger 453 13.4 British Museum
- Taylor 222 - 6.6 Kansas ‘
Cope 1k - b,3 U.S. National Museum
Ahl 104 . 3.0 British Museum
Glinther 103 - 3.0 British Museum
; - -Peters 99 2.9  Paris
i ® Dunn : 59 1.7 Eastern Establish.
; Bokermann- 58 1.7 Kansas
. Laurent 56 1.7 British Museum
Parker Eg 1.6 Eastern Establish.
Boettger 1.4 British Museum
Smith, H.E. L6 1.4 Kansas ,
4 Lutz hh 1.3 Kansas
SR T Loveridge Lo 1.2 Eastern Establish.
Rivero 39~ 1.2 -
Schmidty K.P. 34 1.0 Eastern Establish.

&
~J
&

> — . . R

The taxonomigts: Table 1 (above) lists the top five
percent of amphibian‘species gescribers, all of whom ha&e
described at least oﬁe’perceht or more of the currently re-
cognized living\specigs of amphibians. The last co%umn‘—
'school’ -:%111 be diécussed later. It is intereéting to
note that the ﬁumber of species per d;scriber alés‘forms ;
hollow curve. ,
Only Boulenger, and perhaps Taylor'and qué. have

described a large proportipn of the world's amphibian

. . fauna. But thirteen percent is not ‘mogt species’, one can
i ' ' not support a hypothesis that any one taxonomist has
applied a consistent set of taxonomic criteria over'ﬁost of

.

the species of amphibia. \
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The schools: In addition to the sixteen taxonomists listed

in table 1, 302 authors have each described or co-described
less than one percent of the amphibian species. A sur-
prisingly large number appear to have wofked or are work-
ing independently or at least their a:filiation is not
obvious. Nevégix
ean be grouped_inie_schaels.

It is difficult to define a school of taxonomy. It

eless, most of the more prodqctive workers

is an gffiliation and not a place. Ultimately.it must be a
grou§ éf tgxonomis%s working within one taxon and who have
goﬁmon assumptiona as to what consitute critical faxonomiC'
characters. Since these assumptions seem to be nowhere
written down, except scattered through the descriptive lit-
erature. a reasonable opera@;gnal definition of a school

d be flrst, Q-dependence on an aéreed taxonomlc cata-’ r
logue or taxonomlc Jougnal and second, an affiliation be-
tween taxonomists which could.take the relation of  teacher
and pupil, author and coauthor or evén an institutional
affiliation contemporary with aeknowledged members of a
school. ‘

Schmidt (1955) has much to say about eeveral schools

and Duellman'(19775 has a short essay on the Kansas school
with:-a 1list of members. Some very active:sehools'of“herpr’
etology do not form taxonomic schools since/their members’
. interests lie elsewhere, such as ecological or ethological

gtudies. : N



-
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With these provisos, five schools are identi-

fiable. They are listed below in table 2.

Table 23 The 'Schools' of amphibian taxonomy.

- +

Name Number of Number of Percent of
of Species Percent of Identifiable All Amphibian
School ' Described All Species Members Taxonomists
British 962 28.4 22 6.9
Museum ‘ » .
Kansas L68 13.8 24 ' 7.5
Eastern 284 B4 21 6.6
Establish. -
Paris 282 8.3 23 7.2
U.S. Nat. 267 7.9 - 11 : 3.5
- Museum ¥ ‘
66.8 31.7

The Paris school in a sense started the science of
.herpetology. It could also be called the school of Duméril

and Bibron since all amphibian classification was.based on

these authors ten volume 'Erpétologie Général' published in géb

1854 ﬁntil the advent of Boulenger's British Museum cata-
logués in 1882, The Erpétologie recognized 218 specieé of
amphibians. * Members of this school described an additional
223 gpecies in the next century. One cannot see any very
.clear taxonomic philoséphy associated with Duméril and

. Bibron. Althougﬁ most of the work of this school was com- \d
pleted by=thé gnd of the nineteenth century, the tradition
extended into thé 1960's atcording to Schmid{ (1955).

o« ————



. 65.
_Also according to Schmidt, the guiding philosdphy
of the British Museum school was sheer ca?elessness.' The
A;‘ﬂgritish'Museum was the recipient of enormous collections
froﬁ all over the world during the late nineteenth century

ators of ichthyology and herpetology - Gray, Ginther and
Boulenger - a very great number of species were described.
Boulenger, whose working life extended froi 1879 +to
1920, is the central figure in the British Mﬁseum school’of
amphibian,yreptile and fish taxonomy. He published 618
refereed papers on herpetoibg*.(apd 257 on ichthyology) and

- v these papers form the basis of modern amphibian taxonémy.
| ' One would think that, 'with Boulenger's enormous
personal output and th#t of his school, he would be the

: M
// ! ., major guide in principles ®%f amphibian taxonomy. But such
does not appear to be. the case. Admittedly most major

figures in the humanities and sciences go through a period

of. 'debunking' after retirement or death before they are
1 ) rehabilitated and fiéd their rightful place in the

pantheon. . Boulenger,'s debunking started duriﬁg'his working
| 1life and has™ continued unabated ever since. This would not

A ;
- be 1mportant except that his major critlcs also have been

the most influential workers-in present day .amphibian tax-

¢l onomy: Leonard Stejneger of the United States National

Musgum, the central figure in that school, Karl Schmidt of
: “% the Chicago Natural History Museum, (Field Museum), an

heyday of the British Empire.” Under its succession of cur-



" ities. But Boulenger's equal indifference to ecological

' the specimen and check his identification. He was also

" 'Boulengerian' criteria are being consistentl& applied /

66.
important figure in the Eastern Establishment school and
Edward Taylor, the founder of the Kansas scool. ' o

Schmidt (1955) has~sﬁmmarized’the criticisms of
Boulenger's work; the criticisms are mainly those of in-
congistency and carlessness and the ", ..unthinking multi-
plication of, morphological species.” Boulenge;%s indiffer-
ence tﬁﬂ;he new rules and codes of the International
Commisgsion for Zoologlcal Nomenclature are’' not partlcularly

relevant since this only affected nomenclatorial prior-

and zoogeographical relations was more serious, as was his

disinterest in subspecies and, astonishingly, evolutionary

theory. Boulenger was strictly a museum taxonomist. He

s

never undertook field studies. He frequently identified
gpecies 'through the bottle' and was ?isinclined to remove
disinclined to revise his criteria and frequently described
new spe01es ingtead of maklng the necessary rev1é10ns of
his concepts.

Schmidt points out that neither Boulenger nor his

- catalogues ever gained much respect in North America.

This,'couplgd with the fact that the three most aptive
schools of herpetoldgy are in North America (but describing
on a world-wide basis) and the lgaders of these schools

repudiated Boulenger, makes it very unlikely that any !

4




67.

thrdughout the amphibia.

L]

It is also doubtful if Boulenger himself consist-

/

ently applied’ criteria - proportionate’ or otherwise. Many
of his papers are becoming easily available through the re-
publishing programme of the Society for the St%dy of Amphi- r'h

bians and Reptiles. Although difficult tp quantify, the

qualltatlve mpression on sea\sg these papers-together—is—

that, where proportional or non-linear criteria are applied

within one gehus, the same criteria‘are not applied in the z
same way to other genera. Thus, the effec} of such
‘eriteria is not_congistent from genus to genus.

. The American schools differ mainly in emphasis. . | .

The 'Eastern Establishment"-nMuseum of Comparative ’
éoo;ogy, American Museum of Natural History, Chicago o .
Natural History Museum and many (but not ail):eastern uni- |
versities - is the same school which has given rise -to the

modern evolutionary synthesis as epitomized in Mayr (1963)'“.1

The Kansas school is centered on the University of Kansas a oo
(Duellman, 1977) and includes most western univefsities and ] -
_ museums. The United étates National Museum is not now very [

active and the British Museum and Paris schools are no

e

longer important except for thei; magnificent'study coll-

ections.

A

~ Do the two main American schoolswdiffer?' This is a

hard question to answer because it is essentlally a sub-

'

jective judgement. As an outsider - that.is, a non-

[

~
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describer - I have been struck by the difference in empha-

' sis-betweén the ciassiéal and very painstaking anatomical
worﬁ‘of the Kansas school as shown, fdr instancgllby Wake
(1966) and sever (1972, 1976) and the electrophoretical
allele determinations of the Eastern Establishment with a

concommi tant distrust of ‘mere’ morphological differences,

gsee, for instance, the many contributed papers by Guttman
and others abstracted in" 'Herpetological Review', volume

7, number 2.

3

Examination of table 2'sh9ws thaf no scﬁool‘has
described a majority of the species of amphibig. . Amphibian
-taxonomic practices<h§rmt appear to support Koch's (1966)
hypothesis.

" ’ ‘_l
The splitters versus lumpers hypothesis

-

This hypothesis is reviewed by Mayr, Linsley and
Usinger (i§53)‘and Williamsm(19641. In essence it says
~ that taxonomists come in two brands: 'splittefs' who split
large taxa into smaller taxa and 'lumpers' who lump small
taxa into larger taxa.\'This process allegedly produces 00
Iﬁ;hy amall and monotyﬁ%f'genera and henae arfificiall& gen-

erates the. genus-abundance curve.

The authors‘noted seem to assume that the splitters,

Ed

always win, as do Platnick (1976) and Schmidt (1955). The
grounds for this assumption are nowhere stated. There does

not seem to be any study of this putativp conflict in the
Y ' ’

L.f/
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literature. But, if true, it could be that there are more
splitters than lumpers or that -the probability of a largel
genus being split is greater than the probabllltles of two.
or more 'smaller genera belng lumped, perhaps because large”
Lv;_\, genera are big targets for splitters who manage to split-

] off Aew genera faster than lumpers can combine them. .
A The process of lumping and splitting leaves a trail
: of invalid gynonyms. Smith etal (1978) refer to the

( results as a "nomenclatural graveyard". They have studied

the conditions under which synonyms accumulated in Mexican
amphibians. Unexpectedly, only one factor is of much
gignificance in the accumulation of synonyms and that is-

| , . the length of time that the taxon has been k.nown - "Time

dependenx errdr" is their term. Subjective rating of the

complenéity of the taxon has a slight positive correldtion;

L, f s{zbjective rating of ecological inconspicuousness has a

| slight negative correlation. ) ‘
Williams (1964) holds that, providing splitting or.

lumping is cons:.stent, the shape of the genus-abundance . (

'curve remains the same. He gives some artlflclally gener- .- '

)

ated examples. ‘
But does the phenomenon of excessive splltting 3
. really ex:.'st?e If the spllt't';ing occurs at the species level \
it will multiply species, “This will result in big genera.

AIf the eplitfing occurs at the genus level it will mul'tif:ly SN

genera and not speciég. This will result in small genera,

5 « L.
" -
f '
v r .
- '
1 P . '
— " > * Y
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If it occurs gbove geghs lével or below the speéies
level it will not a:::;;\zﬁé\aégpe of the curve.

It is also possible tha;\zﬁis\is a pseudo-problem
raised by blologlsts who are not taxonomists and are mls—

lead by the nature of the taxonomic lxterature. Ligts of

synonyms rqad Iike a telephone directory. The 1mpression

is one of w;ld splitting. A further dlfflculty is that the

two experiment%lly populgr groups - birds and game animals
- have been the frequent target of semi-amateur taxonom-
ists. The non-taxonomist biologist might be forgiven for

thinking that all species have been subject to similar J

treatment. But because a genus or species name is included °

in a list of synonyms does not mean it has been accepted by

anyone other than its author. _ /

/ \

The fate of all genus names of salamanders has been

traced for’ thls th§s1s and the resul;s are shown in table 3

‘(page 71). Salamanders were chosen because synonymity data

are readily avallable in Gorham (1974), the taxon has not-
been subJected to anateurs or sportsmen's enthusiasms and
it has not been dominated by one taxonomist or taxonomic
school. ’
It must bé pointed out that sgme splitting ié
necessary as a taxon becomes better ;Eg;n. Linnaeus (1766)
listed only Bufo and Rana as amphibians, salamanders were

included in thé catéh—ali“lizard genus Lacerta
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‘Names currently considered s

A 4 B

Table 3: Dlsp031t10n of the 169 publlshed genus names for
*  salamanders. to 1974.

1

Names currently accepted as valid

Appllcatlon of rules of p
Variant spellings

Proposed as substitutes’f
Nomen nudem and preoccupied : 11
Accidental simultaneous descrlptlons 10

'Splitting' .. 1 .

Regarding table 3, the following comments apply.
The laws of priority - now codified in the Inter--

natlonal Code of Zoolog?cal Nomenclature - were applled

more or less at the whim of the 1nd1v1du£% taxonomists

“before the 1920°'s. Seventy-eight percent of the valid

names-of genera predate 1900, fifty percent predate 185;.
The same proportlons are roughly true for synonyms. Aé a
result, and as a result of the post-1920 appllcatlon of the _
rules, 104 of the 115 synonyms are ’legal quibbles', only
11 are splits. ‘ - |
| 1. Abplicaxion of thé rules of priority: A taxéno—
mist has-renamed or redescrlbed a genus for which
. a valid name already exlsts. Usually,accldental.
23 Variant spellings: Usually an attempt by a élass—
icigt to improve etymology - €.&., Amblxstoma for,
bzstom - the former is etymologically correct;
the: latter is valld. . _
3. Pféﬁoéqd substitutes for valid names: A #é:y‘“

- -




common practice early in the nineteenth century.
1€ , , ,

q . v

A more descriptive name would be “Bubstituted, A
of ten by the same’ author of the orlginal rame .

Sometlmes several names would be proposed -in the

<

same paper. : T

4 .

°

o
.

’ ate the descrlptlon.

5. Preoccupied: Another animal genue already beare

3

the same name. Almost always accidetybal ..

: L, Nomen midem: No museum 'specimen exists to valid-

6. Simultaneous descriptionx Now rare but of fre- - -

quent a001denta1 oceureace 1n the early nlne-°

9 a-

o 'teenth century ow1ng to poor’ communicatione and

2

[y [ SN

the existence of many obscure jornals.. 5 B

i

Of the eleven 'splits’, Megalobatrachue was pro-

posed for a living genus before 1t was realized that the

-fossnl Andreas was the ‘game genus. Axolotus,’ Siredon, and

only be interpreted "as attempts by splitters b split.

’ Bathy31redon were proposed f?x puzzllng neotenlc amby-

stomids before phy51ologie;I'etud1es showed that they were

congeneric w1th Ambystoma. Manculus was propoeed fbr an

aberrant pyemy species now recognized as xcea. It wag

accepted for a century Eladina was proposed for an

aberrant Bolitoglossa. Al these examples are understand-

able. Therefremain five genera in synonymity whieh can

A total of five attempte to split out of 169 names

cannot be deecribed as a high: p%bportion. In agy caee

A

* v
. .
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[
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these five were lumped back into existing genera. There

‘-&;nay be further room for lumping within the remaining 54

val¥d genera, most of which have been recognized for more
tha.n‘ a century. On the other hand, some of the larger
Central American genera could be split. 'm{e.re‘is no evi-
;iepce that in the salamander genera either s‘plittersnor

1u‘mpera are 'winning'. Salamander generic taxonomy does

Py

- not support the splitters’ versus lumpers hypothesls.

3

A\

The taxonomy of salamanders below }),e genus level
also does not appear to support the/s'ph/tters versus lump-
ers’ hypothes:.e -Table L (page 74y shows the number of -
spec1es recogm.zed in the genus Desmoggathu from the first
‘revision in 1926 to the latest in 1975. Underlined names
are those"recognized a8 full species by the reviéer in-
dlcated Subspecles wHich have never reached spec:Lfic
status and species proposed a.nd -gynoriymized between re-
visions are mt 1ndica'ted.

‘ w wasg chosen because the .number of
species is. not' ,likely to be(\\ anged by extralimital’ search-

~es. It is apparently limj ted to eastern Nor'bh Ameri%a.

x,,‘ *[ Thus. the incraase in “the number of species owing to splits

. (if any) cannot be confounded with the discovery of new

I
|

r

|
|
|

specios:. AlaO. the genu; is subject <o ﬂconafmt taxonomic
miw'by"ﬁiny workers and is 'subj'ect‘to_‘periodic re-
cduions. L |

It can! be m ﬁut af.ur the mftial increase in
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the number of specias - oﬁing tp"more intensive collecting
and ecological studies - the number of recognized species

has stabilized at nine or ten depending upon the opinion of
the reviser. Work on the genus since Conant's (1975).re-
scension indicates that walteri and monticola may be two

- --ends of a ring species (Caldwell and Folerts, 1976)

Collins et al (1978) recognize-lmltator. a—population<of

Imitator has been .

Thése

Mﬁllerlan mimics of Plethodon jordani.

known since 1927 as a subspecies of ochrophaeus.

PRt

chang?s would leave the number of recognized species'un—
changed at nine. ) K

o ¥ {

. Salamander taxonomy does not support the suggestion

" of Williams (1964) and Mayr et al (1953) and others that
the genns-abundance curve may be the réault of taxonomic '
splitting, either by sglitting genera and thus«préducing;
:gany small genera or by splittiné‘species and fhus'pro-
duc1ng’? few large genera. | q |

The generality of ﬁhls conclu31on regts on the
assumptlon that the processes 1nvolved in salamander tax~ --

onomy and in salamander evolutlon are. in general, those. of

| most' other taxa.

»
.f » » ¥

N A workload hypoth981s

c
, ; o ' During the preparation’ of tables 1, 2 and 3. it
| \'; :becana obvious that the number of species being deaqubed

- _— . . " . . ° '
o J sach decade was in general increasing. The question natur-
. | v ) - \ :
' :
; ‘x“'.\e/ ‘ e

R
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‘sﬁlit“and also more reluctant to descrlbe)n W spe01¢s.

; 76.
ally arises: "Does this increase in the number of species.

being described produce ihe genus-abunddnce curve?® What

'3,

ig meant here is whether or not a tendency to split or

lump arises because of workload or other non-taxonomic

factors.’ v e s

A

L 4

s

The idea is vague but one could, for instance;, . .

- hypothesize that, with the increasing number of species to

be described, a taxonomist might be tempted to £it new

gspecies into existing genera 'as the fastest way to publish
rather thaf laborlously to revise existing generic %;ml%s
and erect new genera. Or he mlght. as Schmidt (1955) .
accuseslBoulenger, unneccessarily describe new spe01es

One could also hypoth631ze that descrlbing many new
specles glves a taxonomlst a. better grasp of generic limits
because of" 1ncreased famlllarlty with lntra- and inter- .
speclflc.varlations. He thus becomes more reluctant to

To investigate tﬁese.poséibikities i%uié‘necessary-

to know how 'Busy’,are taxonomists and:who describes new:’

genera. o - ' :

Tdble (Page77) ‘shows tha number of new species

b

\
descr;bed~p r ecade, the n ber of working describers and

" the msan num er of species per describer. The data are

, from Gorham (197&) | g working describer -is one whose work-

. [4

ing 1life rallp within or bridges a decade, whcfhé; or.not g, ..

K]
Y
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Table 5: Number of species of amphibians described per
decade and number of 'working' describers per

decade.
Number of
Species Number of 'Workload'
Decade Described Describers (Species per Describer)
1750 - 1759 15 1 15.0
1760 - 1769 1’;& T 2 7.0°
1770~ 1779 3 ~ 2 1.5
1780 - 1789 7 8 o 0.9
1790 -~ 1799 14 3 — b7
1800 - 1809 19 ) 3.2
1810 - 1819 7 - 5 1.4
1820 - 1829 60 o1k 4.3
1830 - 1839 68 21 3.2 ~
1840 - 18149 90 19 .7 ]
1850 - 1859 - 126 | 27 4.7
1860 - 1869 £81 ‘18 : 10.1
1870 - 1879 . 209 - 33 . 6.3
1880 - 1889 227 ' . 20 11.4
"V 1890 - 1899 241y 28 8.7
1900 - 1909 225 26 4 8.7 .
Y - 1919 176 . o 35 , b, ‘*-5.
".3920 - 1929 334 .. Lo ) 6.8
1823»— 1939 --% 319~ . . 58 5.5
- 1949 264 54 . B9,
1950 - 1959 . .299 77 . : © 3.9
1960 - 1969 L8 3#* 7 ggw k.9

»

¥ , Prob ably incomplete
- Y

]
'ol “)

' lspecie’s is described in the decade. Working life is de-

vfined as from the« data of the first species described to
the date of* the last- species descrlbed by decades L

Lo ®

J.nclusive._ Thus  Taylor is coun'ted in each decade from 1920
to 1960 since he“desct&ibhd His first species in 1920 and
his last. (accofding ta Gorham 8 record) in 1969.

4 It is at.once apparent from this tnble that nodom

A
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»

'
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taxonomistl are not overworked. The mwrkload trends gen-
erally downwards from the late nineteenth century Any
hypothe51s that depends upon taxonomlc,workload cannot-be .

)
entertalned

Table 6: The number of amphibian genera described by the
: "~ top 16 describers. This table is. to be compared
- " - with the top 16 species describers in table 1.

=

» Number;of Percent Percent
Name of ~ . Genera of All of All

Describer Dates Degcribed Genera Speciesg

Boulenger 1879;1925\ " 35 10.0 13.4

Tschudi ' 1838-1845 23 6.6 - <1

Taylor - 1920-1969 20 5.7 6.6

Parker - 1925-1940 19 5.4 1.6

. __ Cope ‘ 1859-1899 18 5.1 4.3
N g Peters © 18441883 17 4.9 2.9

‘ Fitzinger _  circa 1830 14 4,0 - 0.0

Glnther " 1858-1902 14 4.0 3.0

Duméril et al ° 1841-1856 10 2.9 <1

Wagler - circa 1830 8 2.3 0.0

y| -, Carvalho .~ 1945-1958 8 - 2.3 <1
Mirando Ribeiro 1920-1937 Vi 2.0 <1

; Cray . 1831-1868 -6 17 <1

Laurent ' 1940-1969 \ 6 1.7 1.7

¥ o ’ Ste jneger 1891-1927. 6 1.7 <1
’ ' -Laurenti circa 1768 ‘5 1.4 <1

. o Table. 6 -(above) lists the top genus describers.

r mhe’number aixﬁeén was chosen to facilitate comparison'hitn '

table 1. Only seven names occur on both tables. In gen--

eral, spocies\deaoribors are not genus describers. Two
g ' -

L ! "
- +
‘ .
- el , ..
" i
. , .
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.
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describers - Fitzinger and Wagler - described no species at

all. Furthermore, eleven of the sixteen worked, or did
most of their work, in the las%_century while six did most
of their work before 1850. On the other hand, of the six-

teen top species describers, eleven worked only in the

twentieth century, the rest did their major work after 1850.

—

Summary and comments on the hypotheses of artificiality

It has been shown that, in the aﬁphibians-at
léast, taxonomy has not been dominated‘bgtthg philoséﬁﬁy of
one' taxonomist or by oné school of taxohomy. Thusgahy
mechanism ﬁroducing the genﬁs—ébun@ance'cugve’canﬁot be
generated by taxonomic philosophy. qu can it be gener-

ated by éxcessive splitting since it has been shown that,

in the salamanders as an example, the majority of '%plit'

) . ‘ / ¢
genera are rapidly reduced to synonymity and, in the genus

'Desmqgnafhus ag an example, the number of speciés has re-

mained relatively constant over the last fifty yearF

desplte many changes in the names of specles in the .genus.
It has also been shown that, in general, ambhxglan
genus describers pre-date species describers. That|isd, the

majority of the genera had already been described before ‘\

.the majority of species had been described. The ingfeased

number of species known has not caused a concomltant in-

t

crease in the number of genera.

" One could argue: "But this applies to the phi-

L . <

I H
v
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bians only, otller- taxa are different." The answer to this

ist1 "In what way?" Even a cursory examination of/ the
mammais and birds shows that taxo%gmists and taxonomic
schools are even more widely dispersed than in the amphi-
bians' . | /

| There remains anothpr possibility. Pergaps taxon;

ﬁmomQLéoes—not—correspgnd to /reality. P%rhaps it is a purely

mental construct which follows its own rules f'd these |
rules automatically geng;@te the genus-abundance curve. .

N )
Willey (1935) has pointed out the almost insuperable diffi-

cult;’.::s_ of becoming critically conscious of one's own hab-
itual assumptilons; "doctrines held as facts" /:a.n ‘only be ‘
seen to be doc‘trines. and not facts after greét efforts of
thought, and usually only with the aid of a first-rate
metaphysician.,” Until suc‘ﬁ a meta'physiciq,n comes along, it

can only be assumed that taxonomy reflects reality.




%IOLOGICAL'HYPOTHESES

¢ . THEORETICAL CONSIDERATIONS

1

Species-abundance data are usually shown as the

nufiber of species, n_, represénted by r members in a coll-

r

ection of animals or plants (r =1, 2, 3, «+.), the n, are &

thus frequencies of frequenCLes. The distribution is
‘ 1

truncated. The zero- class. n_, the number of species whichf

ol
. are not represented in the collectlon. is usually unknown.

-y T

Elaborate methods have been developed to estlmaye the size .

J

of the missing zero-class and the population mean and var-

; iance (Cohen, 1961; Pielou, 1975, chapters 2 and 3).

Data may also be presented by rahked-abundénce. If
 the data concerns only a-few species, the numper of in-‘.
dividuals in each can be listed and ganked from largest‘to/
smallest. MacArthur's (1957) broken-stick model generates
a rgpked—abundance list. A'ranked abundance list becﬁﬁes
B

Qo . 'a specles-ahmnaance list if the collection contains many

species. Plelou (1975a page 21) makes much of the differ-

ence between species-abundance and ranked-abundance .and
takes isgue with May'# (1975) ignoring the difference.
¥

But, like her controversy with MacArthur (Pielou and >

ﬂ Afhason, 1965;‘Pieiou; 1966; Vandermeer and MacArthur,
, 1966; MacArthur, 1966), she is probably concerned about g
_.7 ) Qistinction without a difference.

s : . K
.
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Genus-abundance and genus-ranked data used in this :
thesis are more easily handled. In some cases, such as bird ;

species, we are dealing with a practically completely cen-

. sused population. The elaborate estimating procedures can £

A3

be dispensed with. Instead of sample variance and mean, we .
are dealing directly with population variance and mean.

For the less complete classifications, where a zero-class
proportibnately larger than the zero-class for birds may be |
suspec?ed, ﬁe can proceed as though the éample variance and
mean were the ﬁopulation variance and mean since, as show;
by Chamberlin (1924) and Williams (1964), a newer or o
'improved’ classification will not change the shape of fhe
dlstrlbutlon. : ' o oo

The total number of species present, ST' and the

total number of individuals present, NT’ g0 4 long way to- -

wards describing a community. The ratio of the number of
individuals to the number of individuals in the least abun-

dant species, m, is J (May, 1975).

= NTﬁn " _ Equ. 10.

g

For genera—abundance GT -gw? ’ ST NT and ST J since

the least abundant’ genus almost always conﬁalns one species
and thus m = 1. One may ask:‘ “How are the species d;s-*
tributed among generé or, more precisély, what -is Si’ the
‘number of species in the i-th genus?" WherelG(S) is the

number of gehera with S-species, the probability distri-
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Numbér of genera each of}

G(S)dS =< whiéh contains between
S and S-dS gpecies

/

-

The quantities G, and Sm follow immediately from this:

ey

) / GT = [ G(S)ds \ Equ. 12,
X o} .
) ) K ’ . ,
ST = [ sG(S)ds S u Equ. 13.
o . : , 1

with sums replacing the integrals for the bic\allopgically

discrete case.
In the following discussion the notation for

sbecies—abundance ‘rather than for g_enus-abuhdance is re-

@ned to falilitate comparison with the literature. The

nq‘tatioh substitutions indicated abovg can always be made.

. "There is a spectrum of theorefical distributions.

~ Random niche boundary hypothesgis

. (Webb, ‘ﬂ?lk) and 'random niche boundary hypothesis' -

At one limit are the 'flat' distributions to be ex-

'p‘ectgd when an ecological homogeneous group apportions a -
. \ b
fixed amount of some governing resource randomly among

themselves. - MacArthur's (1957, 1960) "broken-stick' model

is an archetype.of this sort of distributiop. 'More gen-
erally descriptive names are 'proportionality space mod‘e'l'

d A}

* g
)

o N 83'
‘bution function may be expressed as (May, 1975)1
s A

" Equ. 11.

- 2
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(Whittaker, 1972).

Tfle random niche boundary hypothesis assumes that
the boundaries between species' niches hypervolumes in re-
source space are set at random. That is, there is no
'mechanism of spec'ie's dominance whereby a species arbitrar-
ily 'preempts some fraction of the resource space. The
most interesting model is the broken-stick-medel-in which
_species are limited by competition at randomly located
boundaries. It is fitted by the series (MacArthur, 1957)1

' \
P = Np ; — o Equ. 14,
T Sp jaq Spritt ’

| |
where i is thepse&uence of species from ieast to most im- 4
pértant and r is the position of a species with relative .
importance Pr in the sequence. ‘

The observation of a broken-stick distribution does
not validate MacArthur's specific model. A1l it does
suggest isl that some one ma'jqr factor is ‘being randomly -
apportioped as opposed to the lognormal distz:iblf’cion which s
suggests an interplay of ‘many‘ ingiividua.l factors. Maec- |
Arthur (1957) also proposed an overlapping niche model
('model b') which predicts an even greater evenness in
distribution. It is fitted by the‘series (Vandermeerj and
MacArthur, 19663 but see Pielou, 1966, for an aelternativé

”

more precise formulation):

B
‘j
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/controls the abundance of a genus rather than the genus

-

P.= g ;/f'(ST+1)% - (ST-:'L-FI)%] : Equ. 15. B
T i=1 " | .

A ] * , N

/ A reasonable genus-~abundance hypothesis canh be o
s o
based on the broken-stick model if one assumes tha‘l; the

'area' of an adaptive plateau, in the sense of Mayr (1963)

con't?olling *t:he~ area'of' the plateau. Plateau 'area', like
niche hy'perv?lumes and broken-stick‘ segments can be gener--
ated by MacArthur's ~a.ll.:gox:':i.*t:lrun. ' _ Ty ( S
MacArthur's 'model b' wbulq imply tﬁ;t éenera and higher
ta:ia do not epmpe,tg. Ins%ead any éategory uld be allowed (
to take whé.t _J'.t.neéded from éoxlne limi’t.:?.ng resource. For
those who woﬁld aeny‘ genus-genus coMpetition this is the .
most realistic model for .génerating genus—abuhdan'ce' curves.
Unfortunately the high divérsity e\qtiit.ableness - the‘ex-l-
tremé 'flatness' of the resulting curve - bears no re- 5

4
semblance to #ny natural. community. \

~ |

- +The broken-gtick model and other fia.t_‘ moedels are :

|
e

> s !
/ K

one parametér distributions, ST' or in this thesis, G

Niche preemption hypothesis N ' 4 ~

7

3.

At th$'other limit are 'steep';distributions of
relative abundaﬁcé {0 be eicpedtgd if the camm&nitx 8co- .
ibgy is dominated . by séi’ne single factor, and if the div- | .
ision of this nichequlume /prc}cg,e.ds in a strongly hier-

han \ [ . . L
L ‘\, \' ' ‘ 1! , -
. '\ Vo e \ )
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. .+the first spe01es, i is the pos:Ltion of the spsec:Les in +the

this model: | o w

archical fashioni This is the 'nicéhe ‘pree‘mfztion' hypo-
thesis' (Whittaker,. 1972). In +this model the.mos‘t eﬁcces?

ful species preempts a fraction of the ‘Il'eﬁsource space, the

.next species a fraction approximating 'k' of the resource

. D“

space not already preempted by the first species, and so

on. The species 1mportance forms a geometric series in |

where P3 is the relative importance of thé i-th species 'as

a decmal f;'actlon of the correspondlng J.mportance value

‘fozv all S'pem.es sampled. Py, 1s the relative mportance of

- sequence from most to least important (note th\;t this ‘is

oppomte orderlng tc the broken-stlck algorithm) and- c is

the geometric series rat:.o &nd equals k-1.

/ .The geometrlc geried is obv1ously an ideal case.

K more statigtically realistic express:a.on \Ef the geometrlc

geries model 1s the logseries; dlsitributn.on of relative

abundance. The @ctlons, and the ratlo ¢ for thei.r com—

plement, can be expected‘ to show random fluctuatlone fromn ;

5 one species-pair to a.nother %the sequencee Whlttaker o 7

(1972) no tes that the dietrlbutlon can also be interpreted

as ]:ograndoryu ' - e

4 I . - ) bl

Both the ‘geometric and logserlee are ) parameter

d:l.stributmns, 'ST and k (or J). for the gecnnetric series o

fe‘.' 1.

" 86.

Equ. 16.
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and Sp and a for the logser;les.

In the 1ogser1esz ' T

»

- \/ n
ST = dln(l - J/ ) i»» ' /‘Equ- 170
i
{ /
and: ‘ o
axi ' C | Equ-~18-
pi = T‘ fOI‘ i~= 1' 2' 3_. L] o -

x and « a;r‘e found by solving simultaneously (Pielou, 1975\,
rage 45);

L . - 2
“Sp = - aln(1 - x) ° . " Equ. 19.

K N, = GX o Y gqu. 20
u T 1x ‘ =qu. <.

'‘The assumption underlying the logseries distrib-
/
ution implies that it is never fulILy 'unvelled' so that the

least abunda.nt specy/e’s\l/a (or are) represented by a single

1nd1v1dual. That is, in practicem = 1 and J = N which is

T
also the real situatlom for genué—abundance calculatlons. ‘

\ /
A 1ogser1es transspgu?—:abundance distribution would
' \

imply strong ‘preqmptio 3 Thg, qxample given

of resources.
of the possible bird-bat“inter;:ctién -should lg;ad to this"
type of ¢urye. One might speculate also that the near
eJ:imination of.equids and ';:ylopids from most of thé

world's steppe, now occupied by bovids, 'is another example

‘) !

of resource preemption.

N
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Lognormal hypothesis . | |

. , : I/Jl" - . / .
Between the fYat broken-stick and the steep log- .
series, both resource apportioning models, lies the'logf ‘.

" ~ normal distribution. Theory (Koch, 1966; Aitchison and o

)
&
}

Brown, 1966) and observation (Preston, 1958, 1960, 1962,

dividuals becomes very large and when relat1Ve abundance ‘

é . 1969) point to its ubiquity once the number of taxa and in-

- 'lg governed by many 1ndependent variables. In general, Y~
. ‘A ~
two parameters are needed to characterize a specific log-
| . o . ’ U
¥ ‘ normal distribution, but Preston (1962), by making certain

"

further assumptlons, reduces it to a one p//ameter famlly . '

P DS

IR )

of canonlcal' dlstrlbutlons: if Sy is glven, then J ’ . |

follows and’ vice versa.. \ : . s

1

May (1975) states: "The lognormal distribution
e ‘ reflects éhe statistidbl central limit theorem; conversely

)1n those speclal circumstances where broken-stick, geo- '1

vy

' metric sefles or logserles dlstrlbutlons are observed they

h Y

Vo . reflect features of the community biologm. | B ;

What May is saylng is thax we should expect bid=,
loglcal data to take a lOgnormal form, other dlstrlbutlons

&

1ndlcate non-random proc¢esses at work, - A
~ v The genesis of the lognormal distribution is as
follows -(Koch, 1966; Pielou, 1975). Suppose that the var- -

iate is the product rafﬁer than the 'gaum of a large(nqmber .

of independent factors. This will be the case if we assume

- ) .

L the variate to have'uhdergone a series of changes in vaihe_

)




. . \“ R \ ' ) . 89. -
t o = N . . \b\’. . R
v with the magnitude of ‘each. succesai‘ve change being a random

¢ | proportion of the\variate's inqnediatel& preceeding value.
. | . ' ) . : : : :
| . Thus, if y, denotes the variate's magnitude after the j-th-

. change we assume ‘that (Pielou, ‘1l975f Ppageli?) .

. . . —~
. - . . s
.

S 7 T Equ. 21+ .
o C Yy Y T By¥in . 7 | .

- -

-

where ‘t,he E,;].'s, are random variates, mutually independent of .

tox

" the y's, theni
P

/'/ \_\‘ ) o ’ ) ) , . ¢ ;
Yo' = (1+En)_(?.+En_1) (1+E1).y° . N+ Equ: 22,
A : n": . :
lny_= lny + I 1n(1+E.) Equ. 23.
n 0" o1 L d ] =
' Assuming Ej << 1 so that ln(1+Ej) N Ej
» n ‘ . !
& 1lny = T E., + constant Equ. 24..
noog2yd ) : ‘
: y n . ‘ ’
. By the central -limit thedrem 1lim £' is hormally dis- .
K Neeo =1 . BN

tributed, therefore lim Y, = ¥ is normally distributed.
The foregoing jugtifies the following testable
9 .

| hypothesis about ﬁhe\genus;abundancé distribution: The
sizes of separate and independent subtaxa of some one taxa ’ ;
will be random variates from a lognormal, distribution. I

define independent as separate and/or non-interacting eco-
. .

gystems. Equation 22 supports this hypothesis. Thus, be-

N

cause. a genus contains n species at time to does not

1}

L 4
. v R !

~

»
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at jlme tf The equation does suggest, that a geﬁus will

‘havé a change 1n 1ts size (number of species)- at tf in pro-

T portifon to 1ts size at t . This is reasonable ﬁlnce a

larger genus will tend to be 'h1t by a larger number of

evolutionary events tpan a smaller genus solely because the

i . larger genls is a bigger target. If, as appears true,. moat

species of a genus dre .in separéte ecosystems, then the

v

“ 'hlts per .genus will be random and 1ndependent. C 5
S A second lognormal hypothe31s may also be enter-

fained. Called the resounce apportlonlng model by Plélou
'(1975' page uU8), it is an elaborat;on of the‘broken-stlck

model. The following abbrev1ated discussion follows Pleloul

A more detailed argument is contained in Bulmer (1974) .
Imaglne a stlck of length L marked at one ‘end then
. broken at a randomly chosen poln@. Choose one of tﬁe-two |
.parts and'breag‘again: and so on. At each step, every
part, regardless of’ité ﬁength, has an egyai chance Qf be-
ing chosen for the next break, i.e., ;he probability that é

After‘a .

part will be broken is independent of its length.
very large number of breaks have been made, the part of t%s
stick with the mark at one end has the length: "

Equ. 25.

.. guarantee that‘xt will contain either mbtéfor less species




v
-~y . ‘ -

:and fj is the length.of ,the marked part as a fraction of * » .
,' its length before the j-th breakage. Clearly L is the - .
‘ product of 4 large number of 1ndependent positive. varlatese
and is.thus a lognormal variate. Because all broken parts .,

have 1dentlcal probablllty dlstrlbutlons, the dlstrlbutlons

of the lengths of the parts tean to lognormal. As long as

- : the number of pleces 1nto whlch the part is broken is 1n-

dependent of 1ts length, the pa;ts may be broken more than

v

oncs and (according to Bulmer, 1974),.the'breaks need not

even be random. . LT
-

For this modeI "to ap;iy to- this thesis, we must

/ .
assume that a many-genqg\ communlty has d1v1ded up some - .
. limiting resource among, themselves in this manner and that.

; ' _ the number of gpecies in each genus is proportional to that |

. genus' ehare‘of‘bnEfresourees. This genus-abundance hypo-
i-’ § thesis differs from the broken-stick genug-abundance hypo- .
/.tnesis‘in that it implies a post hoc sharing of resources

rather ‘than a propter hoc determination of the resources to

! " be allocated. -The difference is subtle but real. This

, model. which is here hypothe91zed \is, & belleve, unreal-

igtic, in that szt genera cannot 1nteract because they pre
* not sympatric, except in avworld-communlty sense, /(/“

- The 1ognormai distribution has the form (Aitchison

and-Brown, 1966): * | i
VA sl p L _exd [-1/2V(logx- u)2lax Equ. 26.
R . Sp ’V_'er. ) C e

’/
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where s and u are. the logarlthmic varlﬁnce and mean re- - -

specltlvely ‘ ‘ . . e

-

The p01sson lognormal ig:an 1nterest1ng variant of

the lognormal dlstrlbutlon. The logmormal distribution isg '’

*

contlnuous by definition.. Abundance data are discrete. ¢

- 1

Con31der the observed abundances as compound poisson var-
“iate wit the p01sson parameter X being lognormally dis-.
tributed. ‘Then, (Bulmer, 1974; Fologate, l969)‘th prob—-’
-ebility of a epecles,conﬁéinimg n indir}duélé isa t

L » . .
1

' ‘ = [ _Tﬁ; exp [-x-nlogx 1/2V(logx-- p,) 21dx’
’ . Equ. 2?.

N s

“

sforn=1,"2, 3, ... . The dlstflbf&lon has been little

A} * \

used. For most work it is computationally troublesome and

 mm—
-

© e ey s R

introduces a spurious preclslon according to P??%°Uj(}??§3
page 49) The'curie is very‘steep for communities with .

many specles because xn. rapidly becomes very large. r

Queuing hxpgthesis o,

Quenlng theory has been developed by gsystems engln-
eers to handle problems of traffic flow. It was flrst‘de- '_J
velopged and applied toételephone networks butiis noy ‘ d
to handle very general problems, see for ‘instance GooZBe
and Machol (1957L‘page 328 and follow1ng) The theory is
based (Morée, 1958) on a sequence of u ﬂg&@g’%hlch arrive at
some fa01lltx which serv1ces each uﬁit and eventually

I
] ’ R
Y

\ \ .

-
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-

-
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discharges it. The @ndez:linedz:ords'are to be understood -

average value .

" in the most gener:al sense; the units mlght be telephone

dalls -or gutomobiles, the facility an exthange or. toll
booth, /bhg gervice making a conrgctlon or accep’cing_ a tok- - '

. @ A _
_eny and so on. -

o

., . Inmost situations there may be_ v'ariations in‘tl;e
rggularlty of arrivals or 1engths of time for sernclng or
both. " Sometlmes units will arrive faster than they can be
serv1ced and queues will develop, sometlmes setrvice facil-:
1‘c1es will be idle. In fact;' e\{ery part of. the operatlon

- v R . L4 . -
may vary in a more or less random way and every measurable

"quantity .associated with the operé.tion may be a s%ochas;b}c

va.rlable, fluctuatlng with tlme above and below gome
¢

e o —

&

4

»

Y It is not usually adv1sable or appropr:.ate’ to try
tg calculate the exact behaviour. of these stOchastlc vari-
ables’with ‘cime. . Usually a probaballstlc plcture w1ll glve ‘
suff:.c:.ent 1ns:.ght for one to be able to calculate the
system's’ oyerz:ll behaviour. (It ig the job of the sys’cemé -
engineer :co 'balance’ th‘é 'system;) But accordlné to Morse
(1958 page Ll-) , if the mean rate of arrlval Wah ”
rate of serv:Lce are consta.nt (thatls;‘::he hi uct ions 1;1
both are short tnge fluctua‘clons), the state probabllltaes
and the -derived averages will be. 1ndepen§§nt of tlme. It s’

.1s this relatively simple system that is used J.n thls ‘

th;ﬁ\s.- 1% is-4ssumed that the facilltles are never over-
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loaded go ‘that only arrival probabilities need be calcul- .-
‘ated. - Sil_nple biélogical examples aré‘ n};t é'asily found. -

- However, there is one engineering example familiar to
- - ' ’ ] . : vt -
everybody. - . o . \ o,

‘-

. o ' Consider automobiles (units) arfiving at ‘a constant

mean rate of two p.e‘r minute, X, at an.autoroute tollbooi.:h
3 4 .(fac‘ility)’. That is, the.average rate of ;tra\f;‘ic a.rrivéi
is n,either( increasing n;r decre'aesing. Furthe'rmore',/the;' d -
' tollbooths are fast enough and sgffiéie‘ht in number so that-
there is no waiting to deposit tokens gs.egrvice‘) and no

° 'q.ueueé form. Then the mean réte at which ,the automobiles
“leave the booths (discharge) equals the m:eap rate of ' . s

. arrival and it does not matter whether we calculate the

mean rate before or after servicing. Under, such conditions

.. \ .

A} R - - ¢
. ® the probability that a given number of automabiles will " ,
- arrive or leave Ain any given m|iriute‘, P(rp«.,g isy . o .
\ . o ._\ | . ¢ ,
C o g o=% 0. b .
7 o7
] 1 . - ) '
™% 31 o, .
! - .. '
P(n) =9 _-% =2 Equ. 28.
. ) EN 8 X o .
" e *.x" ' /
\ ., < n: J . B
which are the successive terms of a poiss‘oh distribution and
;' . have the values P(0) = 0.135, (1) = 0.271, P(2) = 0.271,
" for the first three ‘terms of the example used. .
. , ‘ . . » . !
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Tne assnmptlgn made i that the ﬂrrlval of unlts ajiQ

‘a fa0111ty 1s p01sson distributed and thls is generally

4

i true. | The mean and varlance must be equal to be a pure

" "poisson. Where the mean and varlance are not equal, the ,

¢ e

: assumption is usually ﬁade that some nonerandom factor is

1

- affectlng the eystem. Nevertheless.'a modlfxed'poxsson

¢ \. N ' ' ¢ *
\ distribution can often be fitted.. There are-a very largev

numbér of

-8

'special appllcatlon poisson equations (Halghx,

1967) and there is a\realsdanger of ehopplng around' until

" an equation is found to match the data. The 31mplest

S poisson equatlon that allows for a glfference between mean

: et R . ; S
o ,"W‘:,fcmg\g? A N L Pyt oy —— .
. . . .

and varlance without u31ng any ad“hoc assumptlons 1s.that

\ of Moroney (1956). \.~ U

. —_
Solv1ng equatlons 29 and 30 where X 1s the. mean and

V is the variance: a :

4 v

- i/v—i\ o ' \ - - ’Eqﬁl’ 29-

A Equ. 30. |

' page 96 ’ \

,' T Koch (1966) hypothesized that the evolutlonary time .
[ S, ' e E—.

during whlch radlatlon—of spe01es takes place is normally'

N &sﬁributed. He«appears to be suggesting that the Oppqr--

Funlty te spe01ate octurs only durlng certaln tlme inter-

/vais and that the duration of these 1ntervals is normally

pae-apee

p——s

L L i T
o

: ’
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f(c/c+1)k '( ’ “N . .
- p SRR ~
. N . / (C/C+1) \ -k 7
- | . 1! (C+1)d‘ - .
(c/c+i¥ . E(ke1)
oo . : 3 2 .
P(n) = < 2i(ct1) Equ. 31.-

(q/c+1)k.'k(k+1)(k+2)

s, -~
notlill.n.rontunuttl “

. (c/c+1)k. k(k+1).. (lc+(n-1)) -

n! (c+1)n =

distributed He also hypothe91zed that there is a log-

.arlthmlcally dlstrlbuted 1ag tlme batween the opening of
k an evolutlonary opportunlty and 5p901at10n. Given thgse -
“two hypotheses, then the condltlons for a lognormal genus-

.,abundance curve w111 be met, as Koch'proves. . .

But there Is no ev1dence for the hyp thesxzed
qpeCLat;on lag nor for the spec1atlon 'time tes..' There

1s some evidence that 'blologlcal times' are lognogmally

or/logarxth?}cally dlstrlbuted (Preston, 1966),, but the

evidence is not strong. Nevertheless. we can take the core

_ of Koch's hypothesis and assume the arrival of incipient~

epecies (units) at the time gates (facilities) where they
are brocessed\into species (gerviced) and become full
species’ (discharged). As'in our tollﬁooth exemple. we
meaeure the ‘rate after the fact. -One or other of the para-
meters is logarithmic (it does not much’ matter which) ‘and

A

so we can take the logarithmic mean and variance of the

) jf(cfl)3 5 e :4,L

B it amive e
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resultlng genus-a’ounda:nce dlstr?butlon. Equation 31 will

.be used since the logmean and logvariance are not eqpal for
any taxa used in _thls the_sls. L) *

The ‘ar;ithme-tic mean and variance.,cannot be used in
any case. Ther'e will alivéys exi‘s;: a P(O) clasé using an

a.rlthmetlc poisson ‘which implies that theite is a probabil—

e N e G TR R e S e 1

N
N
¥
B

»

ity of genera with no species. Whlle such a concept

might be entertained if one were, searching for. species and

>

P(O) 1ndlcated the proportlon of species not yet found, it

is seen to be surd for a taxon completely censused for

N

,qs birds. . 4

Yall specmsh Stfc \

.}' _
b
Proportion spaces and genus abundance ’
Webb (1974) and Bhargava and Doyle (1974) reco.g-
nized that t_here was an obvious re]]é:ion between ,all mea-

suresg of sgpecies-abundance. It can be seen that, in the

o

context of ecological .&iversity and with a low individuals- .

to-species ratio, the broken-stick, logseries and lognormal

o

are all 'hollo‘w", that i§, are more or less hyperbolic, -and
predict many raré species and few abundant gpecies. As thé
individuals—to-species'~ratio iricfeases all’ three curves

take on a bell-shape but with different kurtosegeand ‘skew-

. nesses. They differ mainly in the proportion of species .

allowed .in each abundance interval. . .
" Webb showed that these similar patterns arise be-

cause of the underlying mathematics of proportion.,

- . . N M h

‘e

-
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Pﬁaston s lognorma.l curve and MacAi'thur 8 broken-stick
model are only two ex?mples. For 1ns1:anc_e, Webb notes that,
although MacArthur's broken—stidk’model is based on a bio-

loglcal premlse - non—overlapplrgg niches - 11: has been

‘shown that other models glve rigse to the same series (Cohen,

1968). The relevance of the non-overlappmg mche hypo-

thesis to the observed digtribution therefore becomes ob-

Ed
.l

scured.' .
Webb claims that ‘the s?.m,ilarities between the

broken-stick series and .the natural populatiohs arises from
the initial Ehoice to wor:k with proportions. The mathe-
matlcs of proportlons and tﬁe mathematics of the broken-
stick are Just two of many ways of 1ook:|.ng at the same
thing. “ |

\ Webb sﬁows_that o.ver moét of thé 'biol:)gically
r'ea_'gisfic hyperspace both diversity and the logarithmic

standard deviation lie within narrow limits. If random

elements are acting on a population‘ the system has ‘a reason-

able i:'ﬁ'ranée of being found in, say, five percent of the
total proportlonallty space. Thus measurements on the \,,
system will glve results ‘which are near the mean value

for the space. " Low diversities are. found only at th_e very

' edgé of the space. Webb re-examines many of Preston's.

examplgs and cltes others, and tﬁ%se populations do indeed
fall within the narrow limits predlcted by his mﬁdels. The

few exceptions are the grggarious species which drive the system

-
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. obv1ous reasons.. He saysx "...a8 1ong as there 13 enough -
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but because they include enough randomness.” And Bhargava

e i
L N ¢ * . ‘a
N L]
v
-~ .

into the outer regions of the proportlenalz.ty space for
randomnegs in a bxologlcal system, one will obtaln reason-
able agreement with the results of the proportlonailty
space’' or 'broken—sflck model'. ...the fact that the models
of MacArthur and Cohen can give the broken— etick gerieg
arlses not because of the biological prmc;\.ple,a' they used, :
L 4
and Doyle show.that whatever we may claim to be measuring

when we measure diversity} it is just another way of look-

ing at distance in hyperspace. .

v - . :

How does'this apply to genus-abundance? Webb and l
. )

Bhargava and Doyle have shown that any theory about the b
structure of natural communities must be formulated in - .
terms of proportion spaces. This must also be true of o

genus—abu dar{c;: if genus-abundance and spec1es-abundance
P o
are Homologous. Gc}ﬂvereely, any statement about genus-

undance that {s not formulated in terms of proportion

gpaces 1§ not a statement about genu}s-abundance.

Reasonable hypotheses have been made about the ‘

—r A ) L4

processes leading to the species-abundance distribution by , H

various authors. These have been extended in this section .
b

to the genus abundance dlstrlbutlon. Each hypotheeis leads . - ¢

» N \d

to a dlfferent distribution generating equatlon ra"ele 7 ' :
i

by
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| ' , lists the hypotheses, the equations that fé;low from ‘the <

: hypotheses and the main references. ' .
.\ s . ‘a . , ° e

. 7Ta§19,7: Summary of the biological hypotheses used  to ex-
' ‘ plain the species-abundance and genus-abundance

. o = ' dlstrlbutlons. the resulting dlstrlbutlons and
. < the’ ma;n references.
Biologital® ) Resulting - Main
.. °  Hypothesges R Distrfbutipns References

o .Random Niche Boundaries Broken-Stlck MacArthur (1957)
0 C o " <Cohen €1968)

bd < .

o Niche‘Preemptipn’\ - ;'Ebgseries williams fI§Bu)
, . . - Figher et al. (1943).°
B , - Many Random Fapférq o Lognormal Preston (1962) -
) T ‘ - ) . Aitchison and Brown
‘ o . (1966) .
. Processing Through Gates Logpoisson Koch (1966) -
. L - _/ ‘s ‘ _Morse (1965)
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A /THE DATA

Criteria used in selecting data

Y

Five criteria were used in selectlng the taxa to be
analysed _ Pirst- the taxon must be well studied so that
niost species are known. Second. it must present no majdro

dlfficultva?s or pecullarltles of classification not gener—

. ally present in other taxa. Third, there must be some con-‘

"census as“to how many genera are included in the taxon and

| "how the species are distributed between genera. Fourth,

8
there must be enough different describers|and revisors in

concensus to avoid idiosyncratic or cranky classification. -

- Fifth, there must be a generaily accepted monograph of the

" taxon which states that genus X contains.N species and

a-

names the species. '
. These ériterié effectively elimingted the insects
and neariy all arthropods. Iknowof no téxopomist who
cldims that any major* group of insects is well known.
The many sﬁccessive editions:® of"Bergey 8 Manual' seem to
fulfil. all ‘the crlterla.. Bjacterla have been well studied
by many competent 1nvest1gators for a long time a.nd the

manual is the epitome of a generallir accepted monogr“aph

Yet 1ts latest revisors (Buchanan and Glbbons, 1974) have _l h

" initiated many radical depa.rtures from past editions, in

particular: “No attempt has been made to p‘rovide a com-

-

Tl'i\e bacteria .highlight' the problem-of choosing taxa. .

g
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- Pleté hierarchy, a <». previous editgg?s. bécause a éﬁ;:i,.'... -
. plete and meanlngful hig chy is impossible.™ Their re-

| liange on type cultures has relegated m;hy formerly recog- ’

7 > -
nized species to a kind of incertisg sedig limbo and the

agpalling list of synonyms, most being nomen nudum, in the ’

‘findex ﬁerggyana' (Buchanan, Holt and Lesse}, 1966)/indic-
;te some serious defizaencies in taxonomic practices. To '
what extent the bacteriologists' bias towards patholegy has / |
caused omission of free-livirg forms can only bé4surmised. ' |
There is a further problem,. as pointed out by ~ Y
Sneath:(1974). We ‘are ignorant of what sélection pressures . a ﬁ B
operate in the\major habitats over enormous ﬁeriods'éf time.
What is the différence between a Devonian swamp and one of -
today, between the ocean now and in earlier epochs? If
evolution depends on selection pressure and these have been
the same for eons, then does this mean that non—péthogenic.
bacteria have Mot changed b?caﬁse they reaéhéd the 1limit

e

of their adaptation eons ago? TS ,
‘ For thege reasons the bacteria were rejécted. ,

‘ The ferns are another well known group with excell- .

;nt, catalogues' available. Unlike the bacteria, in 'which ‘

the species are in doubt-gin the ferns the genera ar in

Houﬁt. The tradltlonal generlc llmlts of Chrlstensen H

(1905+) have been radlcally challenged by Copeland (1947) ’

- on the one hand and on the other hand by Ching (1940, cited
" by Copeland, 1947): The ‘three classifications cannot be

&

¢ . q . I}




N\

\

3

103.

L 4

‘, r reconciled. -

.
/\

‘ L Taxa accepted .

Birds, mammals and amphibians were finally selected. v

. ‘ The'taxeno.my of bircils‘ is nelore ox less 'closeé ',,_ it \
e 1 being claimed that there are not more than three dozen un-
- .described species (Mayr, 1963). This may err on the gener-

ous gide, new species are very seldom dlscovefd and when L

3 ' one ig it is a major event, for instance see Editors,. New \

Scientiist (1977). Bird taxonomy has been thoroughly re-

vised recently (Mayr and Amadon, 1951), and Peters (1931i+) .

i\ b \\f‘\\ catalogues keeps track of all changes. The results of the . ' '
- N .

Gruson (1976). Furthermore, most evolutionary processes f

.

are known to occur in birds, indeed most have been 'first

noted in birds, and birds do not present any serious

r\
puzzles or anomalies in which unique evolutionary -mechan-

o

isms are po\stulated§ Thus if one can say anything about

genus-abundb.nce. it should be sayable abou‘t Pirds.

Mammal taxonomy has not reached the same degree of

' 'gtability as‘has bird taxonomy. .No doubt there are many’ \\

v

. ; more’spec’ies' Sc\o ‘pe described. Neverthelese, no one has
. suggested that\the majority of species are not already

» , X S

" known. .

v

Mam,ma/liah supergeneric classification has reached a

o
@

concensus (Simpsoh, 1945) and has been recently revised
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- alpha between 0.950 and 0.975, W ile a two-tailed t-test -

g . |

(Ellerman and Morrlson-Scott, 1951) There ‘are presently

three modern gpecies llsts: Morris (1965), Ande:son and
Jones (1967). and Walker (1964). This last has been re-
viged by Paradiso (1968, 1975).

\

The first two 1lists are used’in this thesis. They

- differ somewhat iy details Morris admits 1018 genera anll
4307 species, Anderson and Jones admit 984 genera and 3955 _

spécies. A chi-square test of their difference has an

has an alpha between 0.60 and 0.75. "Thus they differ, but

it cannot be said that they differ very significantly.
Walker (1964) is, in my opinion, badly edited. For

instance, the editors of the rodents, which account for a o

104,

[%

large number of mammalian genera and species, follow Eller-

man (1940) exactly, as a comparison of each genus entiy
will show. But theaeditprs often confuse Ellerman's use

of the terms 'form' and 'specieg' making it impossible to

%

determine how many species are in many genera, for instance .

Rattus with 570 'named forms'. Furthermore, the expression )

"about a dozen species" and similar ambiguities occur t9°‘
often to give one confidence in the editors' thoroughness.
Therefore Walker is not used The same ambiguities occur
in the most recent rev1310ns (Paradiso, 1968 1975) .

of the two compllatlons used, Morris might be pre-
ferred to Anderson and Jones because it meets William's

(1964) crxterlon of a single author. On the other hand,

!
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.each major taxon in Anderson and Jones is treated by a .

specialist in the taxon. There seems-little reason to
choose between the two.

Morris is quite blunt abeut the problems of com-

| piling a taxonomic catalogue. He has tried o "...select

the most erudite and up-to-date works. ...", but most seem

to fall short 6f his gtandards. He actually produces an

order of merit (pages 21 to 25) called an "order of prior-

ity" but which appears to me'to be a descending list of
believabilitm. His comments on some authors are quite

blunt: "[the] recent work is extremely detalled It omits

nothlng - 1n fact it admlts too much.” ...unfortunate

tendency to score many 1sland forms as separate speciesg."™

"...[the authors] are gullty of old-fashioned spllttlng
obviously valueless spe01es...full of meanlngless
spllttlngs" and so on: ' |

The world's amphlblan fauna 1s less well

the mammals and amphibian taxonomy has not reached the sameé

-8tability. We there;ore have a descending order|of com-

pleteness:’ birds, mammals and amphlblans.

-

There are other 1mportant dlfferences. The birds

comprise 8736 specied in 1986 genere. 168 families and 28
orders according to Gruson (1976); the mamm comprise:
\ e Y
(Morris, 1965) 4307 species in 10;8’geﬁ%§a, 124 families

and 19 orgere; the amphibians comprise 3384 ecies in 350

N, ¢

genera, 27 families and 3 orders (Gorham, 1974). The

«
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number of’ species of amphibians is eighty percent that of

mammials and forty percent that of birds while the number of
genera; families and ordefé‘is proportionately much lower. .

[ 4 -~ "
On the basis of the mammals one would expect the amphi-

amphibians are %hefefore less taxonomically diverse than

the birds and mammals.

Gorham (1974) has published a checklist of the

world's amphibians. This has been followed €xactly in this

_bians to have .849 genera, 97 families and 15 orders. The:

I \ .
thesis with the’following exceptions. The Madagascar

genus BOORhis 4t Gorham's own suggestion (page 9).1 Nine

@

era, also at Gorham's suggestion (page 139). I have used

. species of Rhacophorug have been segregated-out as the

Africap subgenera of Rana h4ave been segregated as full gen-

Poynton (1964) to sort-out the African ranids.

&

9
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-‘Method of cqllecting the data N

The” data were collected and treated as follows:
The number of+species in each gends'wasdcounted‘and

entered—agalnst the genus name. The species per genus.from

{ =

Morrig (1965) and Anderson and Jones (1967) were complled

separately 1n order to fac111tate comparisons between these

r - -

two;recens;ons. ‘ i . -

The ligts were then examlned for the-largest genu

~

in each taxon which- turned out to contain 404 species im

the amphibians, 74 in the birds. and Ithin the mammals

H

accordlng to Morris and 160 accordlng to An@erson and Jones.

[

" The numbers 1 to the number correspondlng to the
1) .

number of species in the largest genus in each taxon were

written down consecutively in columns. These numbers,

‘species per genus, are the indeﬁendent variate 'X'. Then,

Starting from the first listed°genus..a check mark was made

agalnst the appreprlate X, one check mark per‘genus. For
lnétance, s1nce the frog genus Atelopus contains 36 spe01es.
a check mark was made against 36. After all Fne genera '
were tabulated, the check marks against each x were

'totalled. These are the dependent variate 'Y' or 'f', the

¢

‘frequency. - . o ) o ':_ ' R
* A.tofal of 20,382 spesies were counted and used in

this'thesis. 'In‘addition,more than 22,000 ferns, bécteria,

reptiles and mammals were countgd-and tabulated but later

discarded because-the gources did not meet the criteria.

t £ )

L

-~
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Mathematical methods
p | S .

, The ar'thmetic"anklogarithmic‘ means and jrariances’
were then calculated for eAdch set of data. ,

Logarlthms to the base 2 were used. It makes no.

dlfference mathematlcally what base 1agchosen but it is of

-some practical imporfance. If°data is grouped by 1ntegral

logarithmic intervals, the logarithmic base must be small

enough .to allow several intervals, that is, it must allow a

. fine enough resolution of the data. Base 10 is too blg,

allowing only one 1nteqyal for birdd and two for mammals

.aqd amphxbians. QPregton (1962, and in many previous and

subsequent papers) has chosen base 2, while suggesting that
base 'e' would also be appropriate. lBut»base 2 .does have
Ag of integral data

into logarithmic intervals by simple inspection. There are

. seven base 2 intervals for birds, nine for mammals and ten

for amphibians.

The means and variances were then used to h?lculate

!

the- théoretical diétributiéné:

The broken-stick dlstributlon was calculated accord-

‘alng to the method of MacArthur (195?), the logserles dis-

tributlon according to the method of Plelou (1975, ‘page 43),

. the lognormal dlstrlbutlon accordlng to the method of

Aitchison and Brown - +(1966). and tbe logpoisson according to .
the method of Moroney (1956) modified for lggarijhmic'para-

meters.

s
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‘o the same problem with non—blologlcal data. ' : L '

.ing, 1970; page 592) that most individual observations .

L ' E L
P , . ; <}
) \\ § - ' v
1} 109" N
{ N - ’ +
Tﬁe fitting .of a lognormal curve to species-abun-
dande data’ is usuéliy\gg?té\axcomplicated prqcedure. It,:
would be stralghtforward were it not for the fact that the #

observed dlstrlbutlanlszero-truncated, that lS, ‘empty '
(unrépreseﬁted) species are unobservable. Pielou (1975,

page 50) presents an elaborate estimating procedure which

makes use of special ta?les ﬁrepared by Cohen (1961).
Three. chapters in Aitchison and Brown (1966) are given over -
\

ThlS problem does not arige in flttlng lognormal

curves, to genus-abgndance data since, for birds at- least,

if-we are tospelieve‘Mayr, we are dealing with a pbpulation : { r

and not a s?mple, there being l‘§s than-one'pefcent'of th? C !

species undescribed. Specifically, our statiséics are mu - |

and sigma aﬁd not sample mean and s%andérd deviation. ~ We

can therefore 'piug:in' these1Valug§’9§rebtly into the

formula and generate the curve. In the case of the mammals 3

and the amphibians we can éssmme”that the 'sample' is the

majority of the popdlafion,and treat it as a populatien.

Tegsts of significance

’

It is a general feature of all distributions (Head-

satisfy the inequality: .

'X - ml ; és

»
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"is known to be normal, poisson, ‘binomial or one or other of

" exists againsf the hypothesis. In this cadg®& we conclude, .

.while few, if any, satisfy the inequality: g

8 o
. ‘

x-elses S

If we have made an observation or calculated a

. theoretical datum point 'X"', to what extent can we décide

whether or not it is part of a distribution W1th mean 'm' -

and standard dev1a¢10n 's'? If the observeé dlstrlbutlon

the well-characterized distributions, a very preci%e:answer\
’ B

can be given. But if the distribution function is not : .

known, or if no other informatior is avallable, we can use

.
(22
“a . ' ’ }

First we make a null hypothesis: "X is a member * 1

the follow1ng tests:

of a glven dlstrlbutlon. ‘Statistics can never prove such°~

a hypothesis, but, it can give evidence against it and the.

strength of the evidence can be given a number - a prob-

ability - whose size is directly proportional to the
strbﬁgth of the evidence against the hypothesis.
Second, we postulate hé reasonable:
. If-[i - ml < 2s, no evidence exists against the po
hypothesis. The éesults of'thg'tests are 'not significant!.:

Y

If 2s <,|X - mI < 38, certain evidence exists
e ‘
against the%hypothésis. The results of the test are. 'signi-
ficant". . ' -

If |X - ml > 38, almost complete evidence

v
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_almost certainly but still with a shadow of 'a doubt, that ~

advantage: it is not sensitive to'ofdering. As an example,

e | -111.

X is not a member of the,given distribution. 'The desults

of the test are "very s gnlflcant“ . i

Where there arg many datum points belonglng to two
colleétlons’of data wg¢ can atill makethetnﬂJ.QVPOtheBISl
"Distribution X ié a[member of distribution Y." Since it
is unlikely tha; bo distributiops have the same meaﬁ and o
standard'déviation, we ;decide by means of a t-test how  °
many poinfs from X fall:within 2s of‘Y and thus agsess the
pr&bability that X and ¥ are in factf the same distribution.

and thgt the differences in means aﬁd standard deviations °

. > - ¥ ’
are owing to sampling. The t-test has the added advantage .

Lo . . " . '
that it is directional. We can say that the datum points i
of one distrihution are.too large or too small in magni- \ .

tude. With more than two distributions to test, where . °

sampling error may, by chance, cause sufficient overlap to
give a false "nof significant", we ¢an use mofe'sever§~ ;
tests of significance (Winer, 1962) or use analysis of " '
vériance. ’ ' — . , : f“
/~ +The t-test is proﬁaﬁly the most used”énd the most - ﬂ

sensitive test of significance. But it has one big dis-

cong@der the two distributions 1, 2, 3, ..., 10 and 10, 9,

8, ++vy 1. They have the -same mean and standard deviation..

A t-test shows them to be identical, while simple visual

inspection shows them to be unambiguéusly‘differént.

[y
-~ . »

.
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A What if, as in this thesis, all distributions have,

by- definition, the pame mean and standard deviation? Then

even though their shapes might dlffer radically, most X's"
\

of ail distribptioné will satisfy the inequality:-:

|X -‘m‘ < 28

.

LN n

‘and for the same reason nill\satisfy in the same way'the
null hypothesig and an analysis of variance. L
- Under such circumsfances the ‘chi-square test is the
only test of 51gn1f1cance avallag}e When two ordered
dlstrlbutlons are belng tested agalnst each other, the
difference between the dependent varlate y; and the expected
§; is taken for each x;." Thergif these differences are. in-
depandenf and normal (which can Be asauned unless there is
evidence to the :contrary), the gdm“df tne squares of fhe
difference dividedaby &i ig definéd as the chi-squara‘

statistic. The test is relatlvely independent of the

'*underlylng means and variances belng tested. 1In the example

glven above of' the two series 1 to 10 and 10 %o 1, the chi-

squarestatlstlclles far beyond three standard deviations. "
1T

JSuppose that we know from past experience tha§ most

distributions will fall in the "no evidence against" range

) . u ‘
on the-basisof anull hypothesis and using a chi-square \

test. That is, there is.no evidence,againgt the hypothesis
4 v
that the observed dlstrlbutlon is not a member of the ot

theoretical dlstrlbutlons A, B C, and so on s1multanebusly
‘ ) ~
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And suppose further that these theoretical distributionS' ‘

& T~
are hypothesized to be mutually exclusive as are, for in- .
stance, the broken-stick and the logserles dlstrlbutlips. B

Then a non-null hypothesis must be usedx “D}strlbutlon X -
is not a member of a given distribution.” Then if; and
only if, the alpha‘Bf the:chi-squane gtatistic falls below‘
a probability of 0.05 can we say that the welght of the

ev1dence is against the hypothesis - that is, dlstrlbutlon ®

X is a member. 6f a given distribution. | 3

EN

We know froh past experience that the species-

* abundance theoretioal curves showug.'good fit' in %he "no
evidence agaiﬁstw fégign'for real natural communities.
gtgriori, we can expect no better for”genus-abuﬁdance
curves. Some striking examplessare Hairston (1959) where
the broken-stick fit bécame better és the size of the sample

. of soil mlcroarthropods was increased and mlxed w1th~i?mples“

y-

drawn from different habitats - coq?rary to theory - and
Whittaker (1969), who found thé% brdken—sﬁick, ldgnormal
and logseries could al%wbe demonstrated in one forest. The .
::ZSOns for these discrepancies'is not partiéulérly relev- '

to this thesis (they are'discussed by Slobedkin (1961) -

and Whittaker (1969)), except to illustrate the
difficulties in using agyullrhypothesis.
It is easy to fiéR ad hoc curveﬂko genusfabundanée’

data. As recognized by Chambeflin (1924). it islﬁhyperﬁolic'

. but it is very much steeper than &i = ls:/'x.l which he

N b . . N

-
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suggested. Krl = 'k/r’-} _fits.well, where k is the first |
term, y,» ahd i is the averege\ of the n's.for all “terms.

A much better fi't can be made with § = k/x?i'. where

n; = 'eii +b Such curves for birds and mammals £it with a
chi- square alpha between 0. 50 an 0.75. This is well Wwithin

the "no ev1dence agalnst" range for a null hypothesm.

, An even better £it could be ‘obtained by ad,]ust;.ng k and

us;ng a polynom:l.al to .calculate ni.» Butosuch a procedure ;
would be futile; the equatlon has no, blologlcal mea.nlng

Log-1log tranefoms\;of nblologlcal data to test hypo—

. thesges must be used with caution: Beauchamp and Olsen

( 1973) dlscuse gsome of the llmltatlons and site relevant

- llterature“ A chi- squa.re test of log-log tra.nsformed data

s

may well glve spurlous significance levels because of the

. reductlon of the magmtude of the 'y’ var:hate ‘oy trans-

fqmatlon. For instance, suppose _y is found to be 256 but
is expected (¥) to be 128. Then the statistic (y - §) 2/3"
isl (256 - 128) 2/1233 = 128, The 1ogtran§form statiﬁstio. is

r r

very much smaller: (log2256 - log2128) z/log2128 1.

The followmg test was. made, uslng the'’ x- and y-axis

) 11m1ts £rom the birds as a model Twenty graphs were set

- up w1th the . x-axn.s marked from 0 to 6 and the y<aXis marked
.from log26 to log2882 (2. 5850 t0°9.7846) . Fflve-dlglt
random - numbers betw en these limits were chosen sequentially

“from the. 17013’ of column\i pag%ZZ of the table of random

\
numbers ‘in Selby ( 1970) The geven numbers were then .

. o \

. .
[ RN P AN T
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- ) ordered from largest to smallest iand aagigned iu that order
to the x values i”rotx o to. /6, A least-squares straight re- -
greseicn line was drawn through the seven sets of ordered
palrs of numbers and the chi-square statlstlc calculated
: The procedure was repeated with new random numbers untll
twenty graphs were completed J .
The meapn cf the chi-squares wae 0.&69% with a s’tandr
ard error of the mean of 0.0982, the standard deviation

was 0. lJf392 with a standard error of .the standard dev1atlon

of 0. 0694 With six degrees of freedom, we can expect,

w1th a probability of 0. 99, that 99 percent'of such random
sets will be m}mflcant' at the flve percent level and
66 percent will be mgmfucant at the one percent level.
i If the y—numbers are non-random then even hlgher percent—
K ages at the one percent level can be obtained.

As will be shown, a straight or parabolic regression

L

line drawn to log-log data "yields a significant chi- square
at better then the 0. 005 level for ‘erds, mammals and

amphlblans (except for .a parabolic fit for b:ers th.ch has
an alpha’ of 0.05)., On the  other hand, the semilog retrans-

forms of the log-log regression lines are not signii‘icaut
on the basis of a non-null hypd'thesis.

" However, if "the ‘cﬂi-sguare statistic 'calnnot’b'e used
‘ to teat Eiguificance of log-log data. it can be used\tc
L: . test which of several 1Phes is the best f£it and it is so

,used in this thesis. ‘ o
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'\kﬁﬁ . ’ It is for this reason that I am unw1111ng to accept
‘ Anderson's (1974) statement that the genus- abundance curves

gie logarithmic. . ‘ | ' /

Results +

'

‘\ ‘ The results of the curve fittings are summarized in
, P table 8. 'Figure 1 ;shows the curves for birds. The table is
' L ~
arranged as follows: First the number of degrees of free-

om used (one less |than the number of x intervals), second

the sum of Ehi-squ ‘es and third.'the alpha value of “the
'chl square with the\degrees of freedom shown. The alpha
IValues are from Selb (1970) and are as follows: 0.005,
0.010, 0.025, 0.050,
i o 0 975, 0. 990 0.9954

'1egs than a certain value : and is to/be read as occurlng in

.100, 0.250, 0,500. 0.750, 0.900,

e alpha for gach fit is given as’

. the interval. "Thus, <O. 90 means .an alpha value between .

"o.99o and 0.975. Alpha values greater than 0.995 are shown
(4]

as >0:995 or much greater >>0.995, similarly for less than

0.005. . S

- - ‘A value above 0.050 is considered Qsignificant'evi;
dence against' a non-null hypothesis, between 0.050 and

7 0.010 'significant evidence for" 'a nen-null hypothesis',

below 0. 010 'very significant eéidence.for' a non-null hypo- )

_ thesis. For a null hypothe31s the limits are below 0. 950
'no slgnlflcant ev1dence agalnst', 0. 950 to 0.990 'signifi-
ant eviQence against’, above 0.990, 'very significant evi-

B ¥
» .




N

052*> 088°'2 9 G§66°<< 2°8E2 9 G66°< - 8T°9S 9  G66°<< ‘€292 §
056°>  08°1T 9 G66°<<'60°Lh 9 $66°< 9T°HE 9 §66°<< 20'2€ &
G00*'>> 9€0°0 9 S00*>> 60T1°0 9 moo.vm‘ﬁwo.o 9 050°> .mom.o S
S00'>> 0910 9 G00'>> 4H0°0 9 G00°>> T60°0 9 ° S00'>> %000 S
S00°>> 190°0 9 moo.mw,ﬁm:.o 9 5§00°>'650°06G S00'>_ 0OH42'0 G
001*> 869°'1T 9 006'> SH0*'6 G 04l'> €09'G° G 001> €22'T S
050°> 900°T & 064°> 025'% 44 096°> 88°0T & G20°> 92€"0 4
§00°>> 0€€°0 9 052> 6TL°T 5 00T°> 952°T §  070°> GS2h'0 S
005> L49°€C 9 G66°<< GL'€C 9 S66°<< OHLT 9 S66°<< 959§ §
G66° << LE°GE 9 G66°<< 6°6£€ 9 -G66 << 9°05H7 9 G66° << O"HGE S
§66°<< 9'94T & G66'<< T'@HZ 4 G66°<< 9'GTH &  G66°<< §°GGE 4
G66°<< §11°'G2 9  G66°'<< 6°29% 9 [ 966°<< G2t 9 $66°<< 19°08 &
G66°< 08'lh BT G66°<< i.:mm 6T G66°<< *L8HT 12 G66°'<< f1*€6€ 62
G66°<< 67902 LT G6b6°<< Z°€92- LT G66°<< 4460t LT G66°<< L*86S 22
066°> 0§°2€ BT G966°<< #4122 61 G66°'<< G°95h 12 G66°'<< #4°€0T 62
Bydre S-TU) Jp ®Budre S-Tuj Jp eudie S-Tu) Jp eudre S-™) Jp
-sueTqTyduy *Japuy isSTewwep STJAJIOW !8TeuuspN SpITd .
N 5

! [}

’

BTOQBRIBJ
8UTT 3YSTeBIaS
wioJsuerjaa FopTuwes

BTOqRBIRd

9UTT 3UYSTBIIS
Sor-3o7
uotssaadey

uosstodsot
TewIoudoT
IO TIS-usyoIg
.8a8tTaesBFoT
" So1-8071
uossTodIoT
TBuWIOUS OT
" ¥oT3S-usjoag
gsataes3oT
JortTmeg
palLIojsueay

TeuIouIoq )
3o 138-usayoxg
sata9sdoT

POWIOFSUBAF U]

*S8AINO PO33IJ OJ S0T138T1BL8 mhmzvmnwsu tg 8Tqe]




. G : .

Rtk
¢

i
3

PR—_

’ 4 ~ ‘ ' | 118.

700 e
f K Fig’ﬁre 1: Obgerved data points
’ : and expected curves
. - for birds.
; ‘ 3 600 - - Observed “ ©
° ' Logseries e ————
.E . Broken-stick ...emee
o ‘ ﬁ Lognormal
» § o ot ) _
001 '
(7] : a -
) :
H : -
¢ | &) , .
D‘ . N
2] H .
z 1
4001 ‘
! H i
i &} i
5 y 1
il
. =
5 _ < 300 ,
F BE: - .
By
o
' o
. g 200 - : - ‘
R .
. 100 - .
" . 0 > ' ) A T T < T 2 T » ‘ !
s 0 2 4 6 8 1012 1 16 18 20
: SPECIES-GENUS RATIO
u \\ N ..: L(

g . .
. ’
£ . . f
N
. . \ -
- v
R T L W T, TR TR R LT ol Y IVURIL IR TP L VI Ty e vy - Hth A o Mt i e i P_— -_——— -




s

fgenérally below 1it.

dence against'.
Transformed semilog has the x-axis, the number of
species per genus, tranéformed to integral logarithmic; '
intérvals to base 2. Transformed log-log data has the -
y-axis, the number of genera in a loginterval, also trans—
formed to logarithms o base 2. 'Semllog retransform is the
transformation of a fitted log-log regression line to°

semilog.

Discussion - *

None of the results of tﬁe'hntransformed data are
‘significant on the Hgsié of either a non-null or a null
hypothesis. For birds and mammals all tﬁe alphas are much
greater than 0.995, for amphibians the logseries alpha lies
between 0.975 and 0.990, still within the 'significant evi-
dence against' range.-* ) ' P

Generally the logseries is the best.fit for the
untransformed data. The exception is Morris' mammal data ‘
which besf £its a broken-stick distribution. But the log-

series begt-fit merely reflects the fact that the logseries

~1s the steepest of the three curves andatherefore lies

r

: T . J
closest to the observed points which, nevertheless, are

' This should be all that one need say were it not i
for the statements of Yule (1925) and Williams (1964) tha¥

¥ .

the 1ogser1es fitted gen%g—abundance data. .

-
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Yule has tested his own data and reports chi-square
alﬁhas fof.chrysomelias between 0.250 and 0.500, ceramby-

cines between 0.500 and 0.750, snakes between 0.750 and

Q

0.900 and lizards betweer 0.025 and 0,050, I have re—
calculated Yule's chi-squares. It is not entlrely clear
if he has fitted his curves for snakes and lizards at one
or two pointsg and thus should use n-1 or n-2 degrees of
freedom. Assuming one point (55’ he seems to haye used for
the insect;), the snake alpha should be between 0.500 and .
0.750 and the‘lizards between 0,005 and 0.010. Thus liz-
ards show either a significant er a highly significapt"fit
dependlng upon the degrees of freedom used.

Yule uses a null hypoth351s,and, gsince he is in all
cases below an alpha ef 0.950, he reasons that the log-
geries fits the ddta. Q(The lizards we%e rejected for this
thesis because they lack a recent world-wide recension.)

Williams (1964) makes no tests of significance for
the logserles he calculates. I have calculated the chi- =
gquare alphas for his data with the follow1ng results:
mantldsof the world Vbetween 0.750 and 0.900, bu“cterflles
of Australla between 0,900 and 0.950, and world fleas.

*world crabrqnidsqand British fishes all greater than 0.995.

Thus, three.of his five sets df data are non-sighificant'
even on thé‘basis of a null hypothesis.
Therefore, with the exception of Yule's lizard data,

the logseries does not fitnthe‘genus-abundance data on the
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basis sf a non~null h&pot@esis.

There are no records in the literatﬁre of previous'
attempts to fit fﬁé broken-stick and lognormal curves to
genus-abundance data. Since these qurves"are, in géneral,
flatter than the logserles they are usually poorer fits.

w

The’ sole exception, as noted, being a slightly better
‘brokén-sﬁick £it for Morris's mammal data. But both the )
broken—stick and lognormal cﬁrves are far beyoﬁd an alpha
of 0.995 1n any case. ' |
The data transformed to semilog glves a ho better

fit with the exception of a logpoisson fit to the amphibian

¢data which has an alpha between 0.250 and 0.500. In all
cases the logp01sson glves a better fit than do the other

I ' ~ curves for the semilog data. This can be attributed to the

gteepness of a poissqn curve with a numerically small mean.

But the fit is everywhere so poor that one cannot ascribe

The log-log transformed dafa‘presents a.very in-

teresting situation énd. I believe, a decisive test of'ths

ﬁcé—null hypothesis that the data is a member of the curves
" tested. On the basis?of the tests with pandom numbers
* already described; one would expect almost all alphas to
A e less than 0.050. This is precisely what we do not find.
Elght, or half, of the alphas are more than 0 050. §

Paradoxmcally, if all the log log transforms had

been 'significant' in a chi-square gense, it would be 'not.

a logarithmic poisson process to the generation of the data.
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| significant' since we ,expéqt‘ this result by pure' chance,

7
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\

having discovered that even random numbers give this result.

—

But, ,smce/lﬁlf the numbers are 'not significant' in a chi-
(“:—'7\ ¢ } T *

square kense, this becomes a 'significant' result. It in-

dicates that the léﬂgse‘ries_, broken-stick and lognorglal fits

are very much worse than we would expect by chance; in fact,

worse than if we had used ordered random numberg for-our —
data. In the same way, the very good logpoisson fit is no
b_etter than chance.

The 'very significant' fit of the straight and "

Ypaz;abdl_i.c_ regression lines %o the log-log transformed data

is, again, to be expected. The retransformations of thege-

lines is straight forward. I have not used the methods of

Beauchamp and Olsen (1973) becaus;) congider thesge data as
populations and not samples. : The retransforms are not

- :
significant. /

<

- N /

~
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CONCLUSIONS
y

Y
T skt Sh i U Tk i St

The iogseries, 16gnormal and broken-stick distri-

-
3
—
et saad b 2.

o - ' “
,Jbutions do not fit genus-aburidance data for birds, mammals

or amphibians, whether thé data be uritransformed or semilog  ~
transformed. The logpoisson distribution does ndt fit ‘ |
semilog trénsfomed data"}. ﬁost l"og.series. lognormal and' )
‘broken-stick fits to the log-log transformed data is much . .
worse.‘chan can be expected from a fit 'to' random ndhbers.
) Therefore, whatever process or processes ggneurat'es

the genus-abundance curve, it . is not 'a random niche-boundary

process (broken—sti'ck) , a niche preemption process (log-

series), or a purely random process (lognormal or log- | = AN

poisson) . o %

Whether the genus-abundance and species-abundance
. . ' N [\
curves are homologous and whether processes operating in
r Py .

ecological time also operate in evolutionary time is still /

moot. There is no unambiguous evidence that the mechanisms /

postulated to generate the lpgserieé. lognorma.i or broken-
sticlf curves are actualiy operating over any real natural
'\ community. °If one of these mechanismg’' can be shown to

operate unjversally, thern - the curves are not homologous.

' But it is still an open question&rhether some, as yet un-

. described mechanism, may generaté Eoth distributions. -~

.
,
. ' . L
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