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SPECIES DIVERSITY
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Caommunities vary widely in the number of species
they support. Some, such as the communities in the Arctic
tundra, are extremely simple, being composed of only a
few species. Others, such as those of tropical rainforests,
are exceedingly complex, supporting thousands of dif-
ferent kinds of plants and animals. Perhaps the most
familiar of all comimunities, those of the various temperate-
zorie woodlands, are intermediate between arctic tundra
and tropical rainforest, consisting of only a few hundred

plant and animal species. In general, the diversity of life
decreases more or less gradually and continuously as one
travels either north or south from the equator. The nearly
universal occurrence of such “latitudinal gradients” in
diversity makes it likely that there is a general explanation
for these global trends. The goal of the study of species
diversity is to discover why some communities support
more species than others and to derive a general theory
explaining community structure.
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figure 1 Some hypothet ical “species-area” curves, community
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thus the theoretical maximum species-area curve for an edge
community when no species are Common 1o both. Usually some
species occur in both ¢ ommunities and sample areas including
both fall below this upper limit {dashed %na}

within a given habitat type are inherently more interesting
to ecologists, for this is the kind of diversity that is inti-
mately related to community structure.

When communities are truly sa m{afeg with species,
differences in diversity from ﬂigcg to place can stem from
only two factors: (1) One spot could have a greater v&r;eéy
of usable resources than another,and/or (2} speci ies might
be more similar (i.e., more tightly ” ‘nacked in”} at one
place than at another. The former fi}??ﬁig}a"@S to the
existence of “‘more niches” and the latter to “smaller
niches.”” On the other hand, when ié}mmdf‘é’isé* are not
yet saturated wth species, diversity is low because of
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likely that resources will go to waste, since the species
which do occur in such a csm*ﬁ inity usually exg}aé’:d
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Low standing crop: 7 species

Arnount of resoutce in arbitrary units

Range of resources available

Figure 2 Graphic portrayal of the way in which more abundant
resources support a greater pumber of species. The horizontal
axis represents the different kinds of resources available, ranked
in any convenient order (i.e. food items from small to large).
The vertical axis is the amount of each type of resource. Both
curves cover the same range of available resource typeas; the
fower curve is exactly twice the height of the upper one. All
segments marked under both curves texcept the tails) include
the same ahsolute amount of resource and therefore contain
approximate e same total amount of energy. Where standing
crop is low {upper curve}, a foraging individual cannot afford

to bypass many food objects. However, where standing crop is
higher (lower curve), the greater abundance of food items
allows individual organisms to be more selective in their
feeding. The result is that the same range of resource types will
support half again as many species when only the amounts of
each resource are doubled.

species on the same number of different kinds of re-
sources.

Thus both climatic stability and productivity, %}}faiiewf%ﬂg
component species 1o re é&{g their niche size, act to |
crease the diversity of species. Tr ropical rainforests are
known to be cfi maiii aily ”izai%\; ly stable and are among
the most productive of natural %3,&.3;3; we have also
nge;wd that species which occupy them are often fairly
specialized.
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COMMUNITY SPECIES DIVERSITY -
Figure 3 Schematic diagram llustrating ways in which various
factors may influence §g:»9f“fes diversity (explained more fully in
the text}. Some of the causal pathways indicated are more
important than others, and their relative importance varies from
community to community.

aspect of this index is that it is maximal when the propor-
tion of the vegetation in each of the three layers is the
same; that is, %ﬁ@aoe height diversity 's greatest when
exactly one-thir ai’ the leaf surface | is in es achlayer. When
ail the leaf surface is in one laver (as in a3 meadow or atall
forest with no understory), foliage height diversity is zero.
MacArthur then used the same ‘zvé%x method to compute
bird species diversity. His data are plotted in Figure 4 as
sotid circles,

H. F. Recher Qe{é’)sfﬂgé the same kind of analysis on
five forested areas in eastern Az;«%raﬁ' {diamonds inFig. 4}
and found %%}3* bird species diversity in Australia was cor-
related with foliage height diversity in almost exactly the
same way as in North America, Because the Australian
birds and plants have evolved completely independently
of the MNorth American ones, Recher’s results strongly
supg}s**{ the notion that both continents are saturated

with species. Moreover, his data suggest that the total
”bz"é nichespaca” andt Lgfey«emg@ nichesize are probably
similar on the two continents, even though the “niche
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Everything else being equal, complex {spatially hetero-
gm{rous} habitats should support more species of plants
and animals than less fe;sf*;; licated {more h m@geneugsé
habitats, This is true simply because there are more dif-
ferent places for species to live in the more z’“gﬁ y struc-
tured habitats. However, spatial heterogeneity increases
ag:%:)r:sa diversity through an increase in the number of
different rescurces rather than by a reduction in the
average niche size, as with climatic stability and pro-
ductivity. Figure 3 diagrams the ways in which these and
other factors influence species diversity.

There are more species of birds in a forest than ina
grassland; furthermore, good bird 2’*:5?{,?28!5 know that
certain kinds of for estfs have characteristic bird species
and that some forests predictably have more species than
others., Animal species diversity is often found to be cor-
refated with habitat diversity. This has been nicely de-
monsteated  for birds by R, H. MacArthur and his
cotleagues. They first f'mwas;m{f the loaf surface in three
different layers corresponding to grasses and small shrubs
Oto 2 1), 1 d:aw shrubs and small trees (210 2511}, and 3&;’91’3
trees {over 25 {1). Fromthese data, they <0mpai?(-f§an ndex
of habitat {fom; lexity which %@sgsg cailed “foliage height
diversity” é&‘;} log {p) where p; is the proportion of
the vegetation in each of the three layers|. A convenient
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Figure & Correlation between foliage height diversity and bird
Sp€€5€§ dive =rssi, MacArthur’s North American habitats are
shown as circles, Recher’s Australian ones as diamonds. This is
perhaps the best evidence that communities are sometimes
saturated with species. See the toxt for a discussion. {Adapted
from H. F. Recher, Am. Naturalist 103 75-80 (1969))




space” 'ss fragmented in a f‘a%?”’%éi‘{%{??‘;iaéf? different way
in Austr i(.., where, for 8¥2§’?‘;3>< , parrots and honeveaters
are conspicuous elements of the avifauna, whereas wood-
peckers and hummingbirds 85'%” completely absent. The
“total bird niche space’” may be compared 1o a deck of
cards; there are only a certain number of ways in which
this space can be exploited. Eza% bird species or | C;g:sm&
tion has its own way of doing things, or its own “hand”
of cards, determined in part by what the ozhﬁf é::é{é
populations in its community are doing. Many different
combinations of the various avian ecological activities
are pﬁsséb e; an Australian |

honeyeater might combine
aspects of the {fuod and place niches used in North America
by both hummingbirds and warblers. indeed, the geolo-
gical history of an area, by determining which plant and
animal stocks have reached the region, often has pro-
nounced effects upon cammgﬁéﬂ structure,

Sometimes, on the other hand, a particular niche ap-
pears to be determined in a more or less discrete rather
than continucus way, We sometimes see this when the
stocks which have invaded wtwo different areas and the
environment of the areas are comparable; under such
circumstances, natural selection seems 1o have followed
a simiiar path in independentiy evolved organisms, Many
specific instances of such “convergent evolution” are
known, some of them quite remarkable (Fig. 5). The most
striking examples of evolutionary convergence amagiy
occur either in (1} re a{z vely simple communities where
biotic interactions are sim gﬁe and the mii{zf of §3 ferent
ways of exploiting the environment are few, or {2} under
conditions where the selective pressures for the a{:h eve-
ment of a particular mode of existence appear to be ex-
ceptionally strong. The end products of both kinds of
forces, which may of course act together in some situa-
tions, are shown in Figure 5. Such convergent species pairs,
occupants of roughly similar niches in dif

fferent parts of the
world, have been called ecologic equivalents.

The extent 1o which predators reduce competition
between their various prey species by cropping prey
populations is an intriguing guestion, for the effectshould
be a greater niche o=e§§4§; bijiwf’{%{? prey species and

o e
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desert lizards. A, an ;%Lss?fgfs'“f;
B, the North American igu
forage in the open sun between shrubs are“f €
the stance shown, with the head and body elev
legs, is characteristic and g}resumab  refates foraging in the
open. Both have long hind legs and are very fast runners. C, the
Australian agamid, Moloch horridus; £, 2 North American
iguanid, Phrynosoma coronatum. Both have specialized diets
consisting mostly of ants, are cryptically colored and spiny,

and are fairly slow-moving. [, the Afri k Scincus scincus;
F, the North American iguanid, Uma scoparia. Both are adapted
to live in sandy desert areas, with their Hattenred heads dﬁd
f}(féiﬁé and enlarged scales fringing ¢
These lizards forage above grour sd z‘m,

¥ s 64 ss;'.'J,;;' ot =
ator-induced” diversi s d
in a simple s}{,oio; icat ;xg;{:{%?‘z
individuals of the 1op predator,
intertidal seashore {’(}'“"i“‘i“is‘?‘s:i‘g‘ and ﬂi}mw(d a drastic
reduction {from 15 tg 8} in the number of species remain-
ing. Paine noted ?gi a slow-growing mussel species
crowded out and excluded sever ser, faster-growing
invertebrate s;:re«::, 2. He suggestec that the starfish kept
down the slow-growing mussel’s population size and left
open space for colonization m f:zw;{z r-growing inverte-
brates, rhsréby preventir titive exclusion and
enhancing species

?:C‘f{? is f‘diiﬂ&{ [58Y iisﬂ{fx §a§d§ ’}i’“fééffjf‘ may increase
species diversity: frequently, more diverse communiti fes
support proportionately more individuals or more speci
of predatory animals than do less diverse commaﬂité%g
This has been found to be true of marine invertebrate,
marine fish, and desert lizard asse ages {portions of
communities). Should such shifts in trophic structure
prove to be & widespread phenomenon, we would have to
conclude that the pyramid of energy would be basically
different (steeper) in more diverse communities. However,
at present this is still unknown.
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changes. ood example is the mass die-off of wintering
birds ffa;f ?‘sg sudden cold snaps. Such m s often

not very directed; whether an individual lives or dies
has relatively litde to do with his genotype, the size of
his population, or his competitive abilities. Hence natural
selection @’:\;)fs high reprodu es rather than com-
petitive ability. This kind of selective regime, j
1o favor ac %’3§ rated develop
and/or increased fecundity %ax ’?é‘ 20 cal @é rse?egiiaﬂ,”
{because it maximizes the ir éii‘;rb ic rate of natural increase,
usually designated f;y

By way of contrasy, n the tropics, where climate is fairl
constant and usually predictable, such catastro phic ma
mortality israre. ;‘fi@rs constant envi sos*msxrzbggm o more
CQE’TS%(’E?‘i fati izes, with the result that both inter-
specific aﬂ{é i zi:ag}e{:ﬁf - competition are keener in the
tropics than they are in the temperate zones. Mortality

vy

£

[

v
a

55

SPECIES DIVERSITY




is usually more directed, being dependent upon an in-
dividual’s genotype, competitive ability, and the size of
his population. Hence selection works to increase com-
petitive abilities in the tropics; since an organism that
can survive and reproduce on a lower threshold amount
of any resource is generally a superior competitor, selec-
tion tends to increase the efficiency with which individual
organisms exploit the environment. Because this type of
selection results in more individual arganisms per unit of
resource, it increases the “carrying capacity” (usually
designated by K) of the environment. For this reason, it
has been called “K selection.”

The dichotomy between r and K selection is in some
ways artificial, since both must be occurring simultaneous-
ly in most populations, but it does serve to emphasize an
important latitudinal difference in selective pressures
which is related to species diversity. It is noteworthy that
K selection results in grealer specialization; “smaller
niches” in turn give rise to more diverse communities.
The characteristics of r and K selection are summarized in
Table1.

Simple communities with only a few species such as the
arctic tundra community frequently show marked fluctua-
tions in the population sizes of their component species.
More diverse communities such as the tropical rainforests
are usually relatively stable in time. Diversity and stability
often go hand in hand. The reason for this correlation is
simply that in a more complex community there are
numerous alternative pathways of energy flow: when any
species gets too common, it is likely to be preyed upon
by predators that normally do not eat it. Man's traditional
method of agriculture, the growing of “pure stands’ of
one species, may well result in some of the least stable
of all possible communities. 1t is no wonder that pesticides

SUPPLEMENTARY
READINGS

seem to be necessary to prevent mass outbreaks of insect
pests!

in brief summary, it has been demonstrated that a wide
variety of factors can influence community species diver-
sity. History, climate, spatial | elerogenetly, produdtivity,
predation, and competition all work together ina complex
and as yet poorly understood way to regulate the number
of species and their relative abundances in any community.

%

TABLE 1. OUTLINE OF THE DIFFERENCES BETWEEN r
SELECTION AND K SELECTION, SHOWING
HOW THEY AFFECT COMMUNITY DIVERSITY® g
r selection K selection
Where Temperaie zones Tropics
Climate Variable or Fairly constant or
unpredictable predictable
Mortality Catastrophic, non- More directed, density-
directed, density- dependent
independent
Population size Variable Constant {equilibrium}
Competition Variable, often Tax Usually keen
Selection Favors rapid develop- Favors competitive
ment, high repro- ability and increased

efficiency (lower
resource thresholds)
Narrow niches

ductive rate

Niche form Broader niches
Community

diversity Low High

*Usually both kinds of selection vccur simultaneously, but the relative importance
of each may vary considerably.
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