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ABSTRACT: The academic and applied importance of conclusions resting upon
the validity of the niche-variation hypothesis reqr.lires closer examination
of Van Valenfs seminal paper. Previous reviews of the niche-variation
hypothesis have been pflmafilyconcerned with further tests using new data
gathered on species di f ferent from those used by Van Valen (Sou16 and Stewart
L970, Rothstein L973a, Ashton and RowelL L975).  As has been stated previously
(Rothstein 1973a),  the niche-variat ion model is v ir tual ly impossible to
inval idate. I t  does not fol low, however,  that lack of disproof const i tutes
proof (Popper 1968).  Whi le not inval idat ing the niche-variat ion hypothesis,
an examination of the assr:mptions and biology of species used by Van Valen
(1965) j -ndicat.es several  al ternat ive hypotheses may account for the observed
results.  In addit ion, inappropriate mainland populat ions were probably used
in calculat ing morphological  var iabi l i ty of  the species studied.

*tr*

INTRODUCTION:

The niche-var iat ion hypothesis contends that the extent of  morphological
var iat ion in a given populat ion resul ts in part  f rom the size of  that

"organismts ecological  n iche."  The var iat ion can ei ther be cont inuous or
discont inuous, as in sexual  d imorphisrn.  In i ts broadest usage, the theory
states that  the var iabi l i ty  of  norphol-ogical  st , ructures is direct ly correlated
with the width of  the appropr iate niche parameter.  For example,  species wi th
wider feeding niches have more variabil ity in trophic appendages than species
with narrower feeding niches. Within species,  the same process would be
evident between different populations or srJbspecies which have different ni-che
widths.  No speci f ic  causal  agent is cal1ed for;  the mediat ing factor can be
biot ic,  abiot ic,  or  some combinat ion of  processes.

A number of assumptions are made concerning the examination of data when
the niche-var iat ion hypothesis is tested by comparison of  mainland and is land
populat ions of  the same species and inLerspeci f ic  compet i t ion is speci f ied as
the medi-at ing process.

1.  The width of  the niche is considered to be determined by compet i t ion
with congener ic or other s imi lar  species.

2.  Areas with fer , rer  speeies,  such as is lands, have less interspeci f ic
compet i t ion,  whi le areas with more species,  such as the nrainland, have more
interspeci f ic  compet i t ion.

3.  Tf  phenotypic var iat ion is control led by the s ize of  the niche, then
morphological  var iat ion of  species in areas lacking congener ic compet i tors

would be greater.  (The reverse also holds.)
Van Valen compared museum skins assumed to represent island and mainland

breeding populat ions of  s ix bird species reported to demonstraEe observable
di f ferences in the habi tats they occupied. Using intrapopulat ion var iance, he

found that four of  the speci-es t  is land populat ions displayed greater var i -

abi l i ty  of  th is bi l l  measurement;  and one species had more var iable bi l l
length on is lands. Speei f ical ly,  Parus caeruleus and Phyl loscopus col lvbi ta
have increased intrapopulation variance in bil l  size when compared to the

mainland populat ions Van Valen (1965) measured, whi le Fr ingi l la coelebs has

decreased var iat lon on Tener i fe,  Capary ls lands. Fr ingi l la coelebs, Montaci l la
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glgg4, and Reg_ulus regulus all displayed greater intrapopulation varlance in
the Azores than in the rnainland areas measured. Mimus gilvus dernonstrated
greater biLl length variability on Curacao than on the South American mainland
areas used.

Van Val"en (1965) Ereated each island as the locality of a singLe breed-
lng populatlon. The island subspecies of P. collvbita and P. caeruleus 16y6
compared to British and Gernan speci.mens. For M. cinerea, the island sub-
specles was compared to speeimens from Brj-tain and the entire European
ualnland west, of Russia (exeLuding Scandinavia and Spain). Only British
speclmens rrere compared to lsLand subspecies of R. regulus and F. coelebs.
In each of the above, the maxinun area used for a single breeding population
was the county of Devon, England, except for M. cinerea in whlch all European
specimens rdere treated as a single breedlng population. The M. gilrnrs data
lfere provided by Voous (1957). Van Valen rnade his own matnland measurements.
Sexes were treated separately in each population conparison (Van Valen 1965).

The Canary Islands are the southern Linlt for the European birdst breed-
log ranges. Each breeding popuLation exists as a subspecies in these Lslands
'(Table 1) and each subspecies demonstrates identifytng character differences
other than bill width (Meade-t'laldo 1889, L890, Ilartert 190L, Lowe L909, Lynes
L9L4, Bannerman L92O, Etchdopar and lltte L964, Paynter L967). Lack and Southern
(1949) list five cases of habitat change for birds of the Canary Islands ln
addltlon to those mentioned by Van Valen (Table 2). A noticeable norpholo-
glcaL dlfference from nainland subspecies nas mentloned only for Parus
caerule_us (Lack and Southern 1949).
******************************************************************! t***********
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Table 2

Niche Width Changes in Canary Is land Birds Cited by Lack and Southern (1949).

1) Expansion of the Raven, Corvus corax, into woods and cult ivated f ie lds.
2) Occupat ion of shrubs by Phyl loscopus col lvbi ta.
3) Use of pine forests by Parus caeruleus.
4) Nest ing in town gardens by the Blaekcap, Sylvania atr icapi l la.
5) Nesting by }bntacilla cinerea in towns.
6) Breeding of the Short-eared Ow1, Asio otus, in semi-desert .
7) Absence of Fr ingi l la coelebs from coniferous woodland.
8) Restr lct ion of the Black Swif t ,  Apus unicolor,  to high al- t i tudes.
************* ******  *******r t***?t***  *********************t r* t r*****  **rr***********

The niche-variat ion hypothesis as stated by Van Valen (1975) is not
supported by a species i f  i t  can be demonstrated in a comparison of is land
and mainland populat ions of the same species that:  (case 1) niche width is
not structured by lnterspecif ic competi t ion but by other biot ic or abiot ic
factors, or (case 2) norphological-  var iabi l i ty in the structure measured is
the result  of  factors other than the width of the niche, or (case 3) the
species used as support for the niche-variation hypothesis does not demon-
strate a difference in niche width between areas of higher and lower congener
number. Cases 1 and 3 are tesrs of the competi t ive interpretat ion of the
hypothesis whi le case 2 is a test of  the niche-variat ion hypothesis proper.
I review the natural history of the avian species used by Van Valen (1965)
and show that the above tests disqual i fy each of these bird species as support
of the niche-variat ion hypothesis.
Factors other t

nce or absence
of interspeclf ic competi t ion warrents lnvest igat ion. Gibb (1954) in his
studies on feeding behaviors in Parus species and Regulus rerylus found that
the only evident competition occurred in midwint,er and was totally inEra-
specif ic,  Niche width var ied seasonal ly with dist inct segregat lon of feeding
habitaf  only observable ln the winter and possibly during breeding terr i to-
r ial ly (Gibb L954).  Niche width boundaries in Parus species break down in
spring and suruner,  in temperate lat i tudes, wheri temporary super-abundance,of
food occurs (Hart ley 1953).  Parus caeruleus tends to eat the same foods in
the same habitats as other Parus_ species except when breeding or during severe
winters (Betts l -955).  The 

""" i l  
n iche distr ibut ion of P. caeruleus was equal

throughout the year to that of P. major in host feeding-site vrittr overlap
between the two species throughout the total vertical environment (Colquhoun
and Morley L943, Gibb 1960).  I t  appears that the feeding niche as dist inguished
from habitat  occupied is quite wide for both P. caeruleus and R. regulus even
in the presence of congeners.

Disruptive environmental factors have a bearing on the niches occupied by
these birds (Table 1).  In the Canary Is lands the laurel  forests have almost
completely disappeared. Large trees have been removed for the manufacture of
charcoal and much of the undergrowth has been trampled or removed. The inter-
mediate zone of t ree-heath is now patchy. In replant ing bare ground, "exot ic"
si :ecies have been introduced. The semi-desert  zone below the forests is now
completely under cul t ivat ion throughout most of Teneri fe (Lack and Southern
Lg4g).  Clearly,  i f  an avian species survives this drast ic t labi tat  disrupt ion,
its current presence in the altered environment does not constitute a habitat
niche shif t  in response to competi t ion. I t  is merely that a species rernained
at a geographical loeation while the environment was altered around it. Lack
(L942) hypothesized that environmental disruption r^ras responsible for changes
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in niche in Fringilla coelebs . Parus caeruleus, and Regul-us regulus on
Bri t ish is lands. Alerstram et 'al .  (L974) observed no change in niehe width
for P. caeruleus_ and n. regul[sTn Gdtland, Sweden, a relaiively undisturbed
israna.f f ig5a)Fe1tt t ratchangesindominantvegetat ionwere,responsib1e
for P. caeruleust presence in pines in England. I t  nay be plausible, then,
that P. coJlrrbi.ta inh6bits the shrubs of Tenerife because trees have been
eliminated by man, P. caeruleug is in pine fores.ts becar,rse de,ciduous forests
are all but gone in the Canary Islands, and Montacill-a ci-n€rea nests in torrms
becausenatura1si teshavebeendestroyed.f f ie-Ti lEIngdef inedhere
by habitat  usage (Lack and Southern l -949),  the absence or presence of congeners
can have no effect on the niche width of a species when conditions preclude
even the avallability of an alternative.

The abundance of predators affects habitat selection. The sparrowhawk
is an important predator of P. caeruleus, R. regulus, and Phvl loscopus
col lybi ta (Morse L973).  These birds avoid the sparrowhawk, Accipi ter nisus,
by use of deciduous tree cover (Chaworth- lv lusters 1939, Gibb 1950, L954, l -960,
Morse L973).  A. nisus is rare in the Canary IsLands (Bannerman L9L2, Lack and
Southern L949, Etcheopar and Hue L964), while the onl-y prey of the lndigenous
kestral  is l izards (Tr istram 1889).  Lack (1958) includes weasels and squirrels
as important predators of P. caeruleus nestl-ings in Britain. No marmtalian or
reptilian predators of birds rrere present in the Canary Islands until they
were introduced by man. It is conceivable that the l-ack of predators in the
Canary Islands could all-ow prey species to expand into habitats which would
not provide adequate cover,  such as shrubs for P. col- l -ybi ta on Teneri fe.
This form of niche width expansion does not require assumption of interspecif ic
compet i t ion.

Van Val-en (1965) uses the observed decreased niche width of Fr ingi l la
coelebs with a concurrent decrease in bil-1 variabllity as an important example
FlG-niche-variat ion hypothesis.  On Madeira, F. coelebs is absent from
laurel- forests for no apparent reason (Meinertzhage;@ but does not inhabit
Lhe pine forests of that is land. Many have construed the absence of F. cgelebs
from the pine forests of Tenerife and Gran Canaria to be the result of compe-
t i t ive exclusion by i ts endemic congener F. teydea (Lack and Southern 1-949'
Moreau L966>. This may be so on those islands but the absence of F. coelels
from pinewoods and restr lct ion to deciduous forests ln Sici ly and Tunisia
where a "competing" congener is not present (Whitaker 1894, 1895) indicates
that F. coelebs is absent from pine forests in the southernmost port ion of
its rEngE-EilTeasons other than competition.
Factors other than ni-che width responsible for mgrp_hological variabil-i9'

e
birds that eat significant amounts of insects in the sunmer and are primarlly
granivorous in the winter. Parus caeruleus tr,as this type of feeding pattern
in Brirain (Gibb L954, Betts L957, Srni th and Sweatman 1974).  P. caeruleus on
Tenerife probably has the same consumptive abil-ity, and may eat what is
seasonal- ly avai lable. I f  resource avai labi l i ty is more var iable in the
Canary Is lands, the increased variabi l i ty in the bi l - l  measurements of the
islands I  populat ions may be a funct ion of this increased f luctuat ion in food
types.

Fringi l lg coelebs is at the end of a geographic cl ine in bi l l  s ize, song'
and plumage in the Canary Islands (Lack and SouLhern 1949). Parus cael_uleus
is also at the end of a geographie cl ine in wing length, tai l  lenBth, beak
length, tarsus length, and plumage that extends across North Africa to the
Canaries (Tr istram 1890, Lack and Southern L949, Snow, 1953' 1954).  Snow
(1953) has measured a general  increase in bi l l  measurements with lat i tude,
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with a greater range in bill and tarsus length in the mainland populations of
P. caeruleus than in Canary Island populations, an observation contrary to
van-ffi-EgOS). In all Parus species Bergmannts Rule, that homiothermal
vertebrates in warm areas ilnd to be srnaller than those from cool areas, and
Al lenrs Rule, that project ing parts and appendages tend to be shorter in cooler
areas than in warm ones, seem to hold with correct ion for lat i tude effects
(Snow 1953).  Lynes (1914) has data indicat ing a sl ight c l ine between
Phylloscopus collvbita of Tenerife and Spanish subspecies. Mirnus gilvus
rostratus also appears to be aL the end of a geographic cline that runs from
Gra""d" t" Curacao. Lowe (1907) remarks that M. E. Bilvus on BJ-anquilla Island
appears to be inte::nrediate between M. g. gilvu; on nal-ntana Venezuela and the
M. g. rostratus subspecies on Curacao in i r ides color,  ph:mage, head rr idth,
body size, and b111 width. The M. g. rostratus captured by Lowe (1909) al l
had larger bills than typical M. g. gilvus. Since the bil-l- cline runs with
increasing size from east to west (Tabl-e 3),  there rnay be a correlat ion of
body size with lat i tude, as has been demonstrated by Snow (1954) for Parus.
***t(**r t**********x**r t***r t?h*2t?t*r t************t r********t r**********x*****f f i ***

Table 3

Average culmen length in Caribbean Eilvus*

185

Island (s)
Grenada
Margarita
tos Test igos
Blanquilla
Curacao

Average length of the exposed
L7.5
19.0
L9.2
20.0
23,0

u*lmeu (rcm. )

*af ter  Lowe (1909).
****** ************************ *********************t (*******r l*********r l********

Al though absolute di f ferences in bi l l  length are not the issue, the
variance in a morphological  structure is often correlated with i ts mean
(Snedecor and Cochran L967).  Unt i l  r igorous analyses are performed, i t  is
not possible to discern whether lncreased variance in bi l l  measurements is
the result  of  absolute size, lat i tudinal gradient,  or ni-che width, even when
the di f ference in means is weighted by the var iance stat ist ic.  For a specif ic
example, Parus caerulggs, we find a rather continuous distribution across
North Afr ica with distr ibut ional gaps in Spain, Sici ly,  and Egypt (Figure 1).
The morphological difference in the ultrarnarinus and Canary Island subspecies
from European P. caeruleus subspecies is incidental  to the di f ferent habitats
they occupy since colorat ion is correlated with cl imate. The bi l l  is longer,
in comparison, because of increase in relat ive beak length, not a decrease in
relat ive beak depth (Table 4).  The lat ter would have indicated a di f ferent
diet or di f ferent foraging technqiues in northoest Afr ican subspecies (Snow

L954). Since beak length is correlated with winter temperature (Snow f953)
and the Canary Is lands are the warmest part  of  this speciesr range, one would
expect Canarian P. caeruleus to have longer beaks regardless of habltat .  That
P. c.  degener has the same beak length and shape as the P. caeruleus subspecies
of the western islands even though Lanzarote and FuertevEntiE-ETesert
is lands that contain no pines, demonstrates the beak shape is not related to
the conifer habitat  of  P. c.  teneri f fe.  So i t  appears that the geographical
cline in bill and body 

"i"" 
i;;mot" important factor in determining bill

morphology than niche width, as defined by habitat util izatior..
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Table 4

in Parus caeruleus in Europe, North Afr ica, and theBeak Measurements
Carary Is lands*

Country
or Is land

S. Scandanavia
N. Portugal
N.W. Afr ica

(4 populat ions)
Lanzarote and

Fuerteventura
Gran Canaria and

Teneri fe

Habitat

broadleaf
broadleaf
broadleaf

and
conifers

tamarisk
broadleaf

and
coni fers

Culmen
(nun. )

9.2
9.1

10.1

L0.4

10.9

10.9

Beak-depth
(rnrn. )

4.8
4.2
4.L

4.3

4.L

4.0

Depth/
Culpen

o.52
0.46
0. 41

0.41

0.38

0. 37Palma and Hierro mainly pine

*after Lack (1971) f rom Snow,
Ecology of the Genus Parus in

D.W.,  1953, Systemat ics and Comparat ive
the Palaerct ic Region. (D. Phi l .  Thesis,

Oxford Univ.)
**** ************ ********* ***?t***************r t****** ts***** ********* ** t (  ****  **  **

I t  is  possible that  the previously ment ioned lack of  predat ion on
Teneri fe (Lack and Southern 1949) al lows more viable birds to survive s ince
cul l ing pressures are less than on the mainland, permit t ing more var iabi l i ty
wi th in populat ions of  is land birds.  This would be evident f rom bi l l  measure-
ments,  wi th the resul t ing pattern of  is land-mainland character var iabi l i ty
indist inguishable f rom that predicted by the niche-var iat ion hypothesis.

In the sfb-ci ted case of  decreased var iabi l i ty  in an is land bird,  b i l l
measurements of  these populat ions of  Fr ingi l la coelebs might be less var iable
because of  the dis junct  d istr ibut ion of  deciduous forests in North Afr ica and
Sici ly.  This l imi ts 1oca1 populat ion s ize,  resul t ing in smal l  gene pools wi th
l i rn i ted var iabi l i ty .
Cases not- _sussepti-ble t_o tsst_ing

Lack and Southern (1949) considered the use of  p ine forests on Tener i fe
as an expansion of  n iche width for  Paus caeruleus. However the use of  p ine

forests for  feeding and breeding by P. garglelrs and Regulus regulus in Br i ta in

is wel l  documented (c ibb 1960, Lack 1955, 1958, Smith and Sweatnan ]-974).

Alerstam et al .  (1974) noted the same use of  p ine woods by both species on
the is lanE--of  ccj t land and mainland Sweden. Pine forests are part  of
P. caerule*us'niche in North Afr ica (Bannerman and Pr iest ly L952).  I t  appears,
then, that  the use of  p ine forests in the Canary Is lands is not a nj-che width
expansion pecul iar  to those P. caeruleus populat ions.  Since there is no real
niche width expansion, Parus caeruleus cannot be used in test ing the niche-
var iat ion hypothesis.

For tests of  the niche-var iat ion hypothesis i t  is  best to use populat ions

with c lose genet ic af f in i ty,  so that  factors other than niche width which

inf luence morphological  var iat ion are minimized. In a comparison of  is land

and mainland birds,  the mai-nland birds measured should be from the populat ion

which provided the is land colonizer 's source pool .  I t  may be that a measur-

able di f ference in bi l l  var iabi l i ty  exists between the birds of  Tener i fe and

the mainland populat ions Van Valen (1965) measured. I t  is  very probable,
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however, that the vrrong mainland populations were examined by Van Valen.
For Parus caeruleus and Phylloscopus collybita, British and German skills
of the roainland populations were examined, not individuals from adJacent
mainland populat ions. According to Tr istram (1890),  the Canary Is lands have
derived birds from the Afr ican coast.  P. col lvbi ta of Teneri fe is most
closely related to Iber ian subspecies and possibly or iginated there (Lynes
L9L4).  Al though i t  of ten tends to breed opt imal ly in broad-leaved forests,
P. caeruleus appears to be a very catholic species that makes use of whatever
habltats are avai lable to i t  (Lack 1958).  Indeed, this abi l i ty to adapt to
r igorous, unusual habitats is most ful ly exempli f ied in North Afr ica, the
region which is the most l ikely source for the Canary Is land subspecies
(Meade-i . la ldo 1889, Hartert  1901, Lack and Southern L949, Snow 1953, L954).
Distributional gaps between European populations and the Canary Islands may
indicate that variability in gene pool-s more isolated from each other than a
sinple rnainland/island situation was measured (Lynes L9L4, Paynter L967) ,

CONCLUSIONS

Even when "nicheois defined purel-y qualitatively, island and nainland
populations of most species examined are indistinguishabl-e in niche width
(Van Valen 1965);  only certain species f i t  the assumptions of the niche-
variat ion model.  Wil lson (1969) in her study of bird size and morphol-ogical
var iat ion in 55 North American species found no evidence of greater var iat ion
in morphology in regions of low species number (e.9.,  is lands).  Crowel l
(L962) in a specif ic at tempt to demonstrate reduced interspecif ic competi t ion
in island birds found no relationship beLween b111 variability and change i-n
niche width. Attempts to f ind a morphol-ogical  var iat ion/niche width correla-
t ion in this and other systems have met with l imited success (Rothstein

L973a, L973b, Grant L976, Harni l ton and Johnston 1978) and conspicuous fai lure
(Soul-6 and Stewart  1970, Alerstam et al .  L974, Partr idge and Pr ing-Mi l l  L977,
Ashton and Rowel l  1975).

The hypothesis that var iabi l i ty in morphol-ogical  character ist ics of an
organism is related to l ts ecol-ogical  niche size has been the subject of  much
diseussion and controversy (Crowel l  L962, Sou16 and Stewart 1970' Rothstein
L973a, 1973b).  Van Valenrs (1965) in l t ia l  statement of  the niche var iat ion
hypothesis has been adopted uncri t ical ly by ecologists in texts (Col invaux
L973),  monographs (MacArthur and Wilson L967),  and journals (Fretwel l  f969).
That cont inuous var iat ion within local populat ions is adapt ive in i tsel f  nay

wel l  be true, but evidence to support  this not ion is far f rom compel l ing.
When we examine the natural history of the species examined by Van Valen
(1965),  we must disqual i fy one species, Parus caeruleus, f rom considerat ion.
Several  al ternat ive factors affect ing the niche width and morphological
var iabi l i ty of  the birds in quest ion cannot be excluded from considerat ion
(Table 5).  The niche-variat ion hypothesis does not uniquely predict  patterns

of niche width and morphological  var iaEion in Lhese species.
Since Van Valen's (1965) l to$k 3onst i tuted the best evidence for the

niche-variat ion hypothesis (Rothstein 1973a),  the acceptance of the theory
must be quest ioned. The rnajort ty of bird species show no measurable niche

width/roorphological variation correlation and closer examination of the

support ive examples raises quest lons concerning their  val idi ty.  The use

of the niche-variation hypothesis as a unifying, general rule should be
careful ly qual i f ied or discont inued.
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