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A study of habitat fragmentation in a successional field
at the University of Kansas's Melson Environmental
Study Area has monitored population, community, and
ecosystem responses to fragmentation since 1984,
The different sizes of the patches in the field were used

to investigate the effect of different levels of fragmentation,
See page 524. Negligible ecosystem and aggregate com-
munity responses may mask profound effects of fragmen-
tation at the population level. [Aerial infrared photo: James
E. Busse]



Diverse and Contrasting Effects of Habitat
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Different components of an ecosystem can respond in very different ways to habitat
fragmentation. An archipelago of patches, representing different levels of fragmentation,
was arrayed within a successional field and studied over a period of 6 years. Ecosystem
processes (soil mineralization and plant succession) did not vary with the degree of
subdivision, nor did most measures of plant and animal community diversity. However,
fragmentation affected vertebrate population dynamics and distributional patterns as well
as the population persistence of clonal plant species. The resuits highlight the dangers of
relying on broad community measures in lieu of detailed population analyses in studies of

fragmented habitats.

I & becoming increasingly necessary to
understand the consequences of the destruc-
tion and fragmentation of natural habitats
(1). Habitat fragmentation can influence the
entire suite of processes studied by ecolo-
gists, from individual behavior through pop-
ulation dynamics to ecosystem fluxes (2).
However, experimental research has largely
focused on single levels of ecological organi-
zation (3). We report on the first 6 years of
results from an experimental model system
(4) in which we examined the population,
community, and ecosystem effects of habitat
fragmentation.

In the fall of 1984 we created an array of
patches of three sizes in an agriculrural field
(Fig. 1). The interstitial area separating the
patches has been maintained at a low turf by
regular mowing, and the patches themselves
have undergone secondary succession without
further disturbance. The small and medium
patches are arrayed in clusters that (wichin the
constraints of our field) spanned the same area
as a large patch (50 by 100 m). Comparing
samples from large patches to samples from
clusters of successively smaller parches, we
can examine two levels of frapmentation (at a
0.5-ha level of resolution). Qur initial hy-
pothesis was that fragmentation would con-
spicuously alter a range of ecological vari-
ables, including abiotic soil resources, local
species richness, and population dynamics,
and that these effects would be most preva-
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lent in the most fragmented treatment.
However, the degree of habitat frapmen-
tation had no effect on ecosystem and com-
munity measures such as soil properties, rates
of plant succession, and local community
diversity at several trophic levels. For exam-
ple, monthly soil moisture readings averaged
approximately 20% (by weight) in all treat-
ments; pools of available ammonium were
similar across patch sizes (from 1.9 = 0.2 1o
1.7 = 0.15 mg/kg in small and large patches,
respectively), and rates of in situ total nitro-
gen mineralization were also similar (from 2.2
* 0.4 1o 2.4 = 0.5 mgke in small and large
patches, respectively) (5). Over time, a sub-
stantial difference developed between the
plant communities in the mowed rurf and
those in the successional patches. However,
patch size did not aftect the overall course of
plant succession within patches (6). For ex-

ample, the average percentage cover of peren-
nial plants increased from 18 to 71% in small
patches and from 17 to 70% in large patches.
Local species diversity was also independent
of patch size. For vascular plants (7) and foliar
arthropods (8), an average large patch con-
tained no more species than an average cluster
of medium or small patches (abour 38 plant
species and 72 arthropod species per census).
In addition, species evenness, an index of
average telative species abundance (9), was
similar among fragmentation trearments for
plants (from 0.44 in combined small patches
to 0.45 in combined large patches) and
arthropods (from 0.30 in combined small
patches to 0.34 in combined large patches).
Finally, the five small mammal species (10)
were captured in every patch type, as were
the six snake species that were captured
more than once (11).

Using aggregate, whole-community mea-
sures such as species richness, one might
conclude that the plant and animal commu-
nities were insensitive to the degree of frag-
mentation imposed in our design. This inter-
pretation would belie the effects that we
observed at the level of individual species and
populations. Of the 206 vascular plant species
tound over the period of 6 years, 40 occurred
in only one patch type. The cumulative pro-
portion of these unique species varied signifi-
cantly with the level of fragmentation: 10/146
in small patches, 7/130 in medium patches,
and 20/164 in large patches (G, = 7.13, P
< (.03). Results for foliar arthropods (461
total species) were more pronounced. Cumu-
lative species counts, as well as proportions
unigue to each parch size, were higher in the
least fragmented treatment: 78/367 in large
patches versus 42/315 in small patches and
39/303 in medium patches (G, ;= 7.88, P <
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Fig. 1. Diagram of the experimental design ( 16). The three replicated treatments are single large (50
by 100 m) patches and clusters of six medium (12 x 24 m) or 15 small (4 x 8 m) palches. The
amount of intact habitat per 0.5 ha is decreased by roughly one-third with each decrease in patch
size; a minimum distance of 15 m was retained between patches. The chaice of patch dimensions
and distances represents a compromise between field dimensions and expected minimum

habitable areas for small mammals.
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0.02). For vertebrates, we observed particu-
larly strong eftects of patch size on popularion
densities. For the three most abundant small
mammal species, there was a rank-order rela-
tion hetween bady size and the patch size at
which density peaked (Fig. 2A). For snakes,
the rate of total captures per trap increased
with patch size (Fig. 2B).

Population effects were evident at even
small spatial scales. Our sequential census
data were sufficiently detailed to allow us to
test for relations between patch size and the
persistence of local populations or individu-
als. We separated vascular plants into two
broad funcrional groups: clonal species,
which reproduce largely by vegetative
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Fig. 2. (A} Mean population densities (17} for
lhe three common small mammal species in
order of average adull body mass, grouped by
patch size. Sigmaodon hispidus (black bars, 135
a), Microtus ochrogaster (white bars, 43 g), and
Peromyscus maniculatus (ruled bars, 22 g).
Densities are estimates from 67 semimonthly
censuses, from the winter of 1987 1o the spring
of 1980, Animals were captured in Sherman live
traps set in a 7-m grid superimposed on two
replicates of each fragmentation lreatment. Fur-
ther details of methods are reported elsewhere
(18). ANOWVA lests indicated that mean densi-
ties vary significantly with patch size for all
three species. (B) Density of snakes, ex-
pressed as the cumulative mean of captures
{all species included) per trap, grouped by
patch size. Traps (44 lotal) were artificial shel-
ters (0.6 by 1.2 m), monitored at 6-day intarvals,
from the spring of 1987 through the fall of 1989,
Regression slope (+95% confidence interval)
of counts per trap on patch size is positive and
significant [y = (0.25 = 0.21) log x + 1.24].
Errar bars in (&) and (B) represent single slan-
dard errors.

growth over short spatial scales, and non-
clonal species, which reproduce only by
seeds dispersed more broadly. Over a period
of 5 years, persistence of nonclonal plants
did not vary systematically with patch size,
whereas clonal plant populations were much
less likely to persist in the smallest patch size
(Fig. 3A). Although unexpected, this result
is consistent with theoretical studies of in-
ternal spatial dynamics on islands (12). Over
time, clonal plants resemble amoebae mov-
ing across the landscape and are at greater
risk in highly fragmented habitats because
fragmentation reduces the opportunity for
re-invasion by wvegetative growth. Among
small mammals, individual persistence of the

p =

065

=

n

@
1

=

P

i
I

Proportion of original
populations remaining

/\

0.35 T T
a3z 288

Patch size (m?)

5000

e
P

—
o
T

Persistence time (weeks)
iy [n 3] =]

288 5000
Patch size (m2)

Fig. 3. (A) Proportion of local plant populations
persisting over 6 years, grouped by palch size.
A local population was considered persistent if
a given species was observed during the first
and last year in the same permanent sampling
quadrat. Persistence of clonal plant popula-
tions (open circles, n = 1659) was significantly
lower in small patches (G, = 3065, F <
0.0001), but the persistence of nonclonal pop-
ulations (closed circles, n = 3482), although
lower overall, did not vary significantly with
patch size. (B) Mean individual persistence
times for three species of small mammals,
grouped by patch size. Persistence time was
the duration (in weeks) between the first and
last periods trapped, plus one. Hegression
slopes (with 95% confidence intervals) of per-
sistence time on the logarithm of paich size
are positive and significant for 5 fispidus
{open circles) [y = (1.16 = 0.67) log x — 3.71;
A2 = 0.03; n = 1425] and M. ochrogaster
(filled circles) [y = (1.03 £ 0.25) log x + 1.76;
A2 = (.04 n = 375], but nat for P, manicula-
fus (open squares) [y = —(0.08 = 0.33) log »
+ 8.39: n = 751)]. Error bars represent single
standard errors.
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two larger bodied species increased with
parch size (Fig. 3B), and the age structure on
small patches was biased toward nonrepro-
ductive subadults (13). By contrast, the
smallest species persisted equally well in all
patch sizes, and their age structure on large
patches was biased toward subadults. The
data on persistence and age structure suggest
a hypothesis to explain the observed density
distribution patterns (Fig. 2A): Individual
spatial requirements of the two larger bodied
species lower their abundances on small
patches; interspecific competition from larg-
er species reduces the abundance of smaller,
subordinate species on larger patches; all spe-
cies are found in all habitats because subordi-
nate individuals are forced ourt of their respec-
tive optimal habitats. That is, the small mam-
mal distribution pattern reflects a source-sink
population structure (14).

Our results show thar different compo-
nents of an ecosystem can respond in differ-
ent ways to habitat fragmentation and that
the effects seen among populations can be
hidden at the level of aggregated community
variables. Certain ecosystem and community
variables, such as the overall rates of replace-
ment of annual plants by perennials or the
local species richness, were not affected by
habitat fragmentation. Understanding the
consequences of habitar fragmentation re-
quires documenting the system attributes
that do not change as well as those that do.

Most studies of fragmented landscapes
concentrate on the long-term, gradual loss
of species after habitat subdivision (15),
whereas we have documented the effect of
fragmentation on community development
during secondary succession. The species
losses and gains that occur during the nor-
mal course of succession may obscure patch
size effects thar are likely to be more appar-
ent in systems near dynamic equilibrium.
We would hesitate ro extrapolate from our
experimental model system to all spatial
and temporal scales. Nevertheless, this
study revealed effects of habitat fragmenta-
tion at the population level that were
missed at higher levels of ecological organi-
zation. Two novel findings are the partial
segregation of small mammal species ac-
cording to body size and the subtle role of
clonal wversus nonclonal reproduction in
determining the sensitivity of local plant
populations to patch size. Qur experimental
results highlight the need for detailed pop-
ularion analyses to interpret observational
data from fragmented habitats.
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