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Short-Term Effects of Shrew Predation Upon Invertebrate Prey

Sets in Prairie Ecosystems

WILLIAM J. PLATT and NIGEL R. BLAKLEY!

Pratt, WiLrLiam ], and Nicer R. Brakirey. Short-Term Effects
of Shrew Predation upon Invertebrate Prey Sets in Prairie Eco-
systems. Proc. Iowa Acad. Sci. 80(2): 60-66, 1973.

Synopsis: During August of 1971, the effects of different densities
of shrews (Sorex cinereus) upon the density and species compo-
sition of invertebrate prey sets on two prairies in northwestern
Iowa were studied. Invertebrates were sampled using pitfall traps
set on areas containing known shrew densities. In general, different
levels of shrew predation produced certain differences in the prey
sets. Increased shrew density was associated with the following

The role of predation in the organization and functioning
of communities has been demonstrated using natural situa-
tions and experimental techniques (Brooks and Dodson,
1965; Dodson, 1970; Paine, 1966; Hall, Cooper and Werner,
1970; Hurlbert, Zedler, and Fairbanks, 1972). Mechanisms
by which predation might act to regulate the density of
prey populations have been proposed by Holling (1959,
1965). Theoretical arguments based upon these models and
the experimental data suggest that perturbation of a predator-
prey system will result in a predictable series of events be-
fore an equilibrium is reattained.

During the early summer of 1971 a decline in the popu-
lation densities of the prairie vole, Microtus ochrogaster, and
one of its principal predators, the short-tailed shrew, Blarina
brevicauda, was noticed on prairies and grasslands in the vi-
cinity of Lakeside Laboratory in northwestern Iowa. After
an interval of about one month, increases in populations of
the meadow jumping mouse, Zapus hudsonicus, and the
masked shrew, Sorex cinereus, occurred. At this time an un-
replicated pilot study was initiated to study the effects upon
the invertebrate prey of this interruption and subsequent re-
newal of shrew predation. Analysis of these preliminary data
suggests that predation by S. cinereus has a number of pri-
mary effects upon the invertebrates in prairie ecosystems.

MATERIALS AND METHODS

A. Study Areas

Two prairie ecosystems in northwestern Iowa on or close
to the Towa Lakeside Laboratory were used in this study.
These were Cayler Prairie, a relatively undisturbed and ma-
ture prairie, and the Lakeside Grasslands, a tract of less ma-
ture prairie. The vegetational patterns on both areas have

1 Department of Zoology, The University of Iowa, Iowa City,
Towa 52242,
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prey set characteristics:
1) decreased numerical densities, but not the total biomass of
prey sets;
2) decreased species dominance of prey sets; and
3) increased species diversity of the largest prey size subsets of
the total prey set.
These observed effects of shrew predation are short-term effects
which are typical of keystone predators.
INpEX DEescripToRs: Shrews, Invertebrates, Prairies, Predation,
Keystone Predators.

been studied, and so a relatively good history of both areas
was available (Aikman and Thorne, 1956; Anderson, 1938,
1946; Rudman and Pohl, 1951). Two quadrats, measuring
25 by 50 feet (0.03 acres), were set up on each grassland
ecosystem. In both ecosystems, one quadrat was located on
the top of a hill, and the other was on the hill slope between
upland prairie and a low swale. The abbreviations for each
quadrat to be used in the rest of this paper are as follows:

CPu—upland quadrat on Cayler Prairie,

CPs—slope quadrat on Cayler Prairie,

LGu—upland quadrat on the Lakeside Laboratory Grass-

lands,
LGs—slope quadrat on the Lakeside Laboratory Grass-
lands.
The vegetation types present on both areas were tall grass
prairies. Xeric upland species associations were present on
the hilltops in both areas. More mesic prairie species associa-
tions were present on the slopes. The plant species diversity
was higher on Cayler Prairie than on the Lakeside Grasslands
(Platt, unpublished data). In both ecosystems the standing
crop biomass of plants and the amount of duff (litter) was
greater on the slopes than on the upland regions (Platt, un-
published data). The primary production and amounts of
litter on the various quadrats were less different between
ecosystems than between the slopes and upland regions on
each prairie (e.g., LGu resembled CPu more than LGs).
From these conditions potential associations of community
complexity (plant species diversity) and productivity (plant
production) were made with invertebrate prey set charac-
teristics.
B. Methods of Estimating the Relative Densities of Sorex
cinereus on the Study Quadrats

Fifty live traps were used on each quadrat. Live trapping
was conducted in June and was renewed late in July. Trap-
ping was conducted about one week prior to the installation
of the pitfall traps and during the three week period of the
investigation. Shrews were also collected in the pitfall traps.
The total number of shrews captured by both methods was
used as an estimate for the density on each quadrat.
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C. Methods of Collection and Analysis of Invertebrate Prey
Sets

Invertebrate species assemblages were collected using pit-
fall traps on each quadrat. Eight empty number ten cans were
used as pitfall traps on each quadrat; these were buried so
that the open end was just below the ground surface. The
traps were spaced about 10 feet apart. During a three week
period at the beginning of August, 1971, traps were exam-
ined daily and invertebrates in each trap were collected. On
days that heavy rains occurred, samples contained very few
invertebrates; these samples were not included in the data
analyses. The number of individuals and the number of spe-
cies of invertebrates collected per day did not decline over
the three week period of pitfall trapping. Consequently, it
was inferred that invertebrate populations in the vicinity of
the traps were not depleted during the period of collection.
All invertebrates over three milhmeters in body length were
assumed to be potential prey for shrews. Thus ants, collem-
bolans, mites, and other small invertebrates were excluded
from the data analysis. Invertebrates collected were sorted to
families using taxonomic keys (Jaques, 1947; Kaston, 1952).
Individuals in the same family were grouped on the Dbasis
of obvious morphological characteristics. These groups were
considered as “species.” Forty-one different “species” were
collected over the three week period of study. The uumber
of individuals and the “species” collected in each pitfall trap
on each quadrat were recorded for each collection date. Sam-
ples of each “species” collected were dried and weighed;
the body length also was measured. The mean dry weights of
“species” were used to divide prey sets roughly equally
among six weight classes for data analyses: (I) 0.1-2.0 mg;
(II) £.1-5.0 mg; (III) 5.1-20.0 mg; (IV) 20.1-50.0 mg; (V)
50.1-100.0 mg; and (VI) 100.1-400.0 mg. Prey sets also
were divided into herbivore-detritivore and carnivore trophic
components. The herbivore-detritivore component included
herbivorous insects feeding upon live vegetation, pollen-nec-
tar feeding insects, detritivorous invertebrates, and scaveng-
ing insects such as silphid beetles. Although these inverte-
brates utilized a wide variety of resources, they were grouped
together since theyv represented primary consumers. The ma-
jority of the invertebrates in the herbivore-detritivore com-
ponent of the prey sets were detritivores (crickets, isopHds,
millipedes, beetles). Herbivorous insects, such as weevils,
leafhoppers, Lepidoptera larvae, grasshoppers, and katvdids
were collected less often in the pitfall traps. Pollen-nectar
feeding species such as bees or adult Lepidoptera were taken
only rarely. The carnivore component included predatory and
parasmc invertebrates. Those commonlv tal\en included two
“species” of lycosid spiders, two “species” of carabid beetles,
and a phalangid, all of which were litter or ground surface
dwelling forms. Predaceous and parasitic Hvmenoptera, pre-
daceous beetle larvae, predaceous Hemipterans, and centi-
pedes were collected less often.

Data analyses of prey sets obtained were made by pooling
all invertebrates taken in pitfall traps on each quadrat For
some analyses, dates of collection were treated as replicates;
other analyses were made using the total collection of inver-
tebrates from each quadrat tal\en during the study. As indi-
cated by observations and stomach contents, shrews were
taking prey on the surface of the ground, rather than in the
soil. This was found to be similar to the foraging behavior
veported by Platt (1972). Thus invertebrate collections were
assumed to be similar to ones that would be encountered by
a shrew while foraging.

https://scholarworks.uni.edu/pias/vol80/iss2/8

Three methods were used to estimate relative prey densi-
ties. First, the numerical prey density was calculated as the
number of prey items collected per quadrat per day or per
quadrat during the entire period of study. Second, the bio-
mass of prey collected on each quadrat was obtained from
the numerical prey densities and mean prey weights. For
size selective predators (Platt, 1972), correlations between
predator and prey densities might not be detected by nu-
merical density by the body lengths of the prey “species,”
body length of the invertebrate “species” was used as an in-
dex to the relative size of prey items. By weighting the nu-
merical densitv by the body lengths of the prey “species,
the third palametel which we called the prey size density
(psd), was obtained.

Graphical analyses of dominance-diversity relationships
using methods developed by Whittaker (1965) were used to
determine if differences existed between the composition of
prey sets on the four study quadrats. The concentration of
dominance (C) in prey sets, measured using the index de-
veloped by Simpson (1949), was calculated as: C = ‘f"
where f; is the frequency of occurrence of the ith “species.”
The contribution of the ith “species” (C;) to the total dom-
inance (C), calculated as C;, = log;, (C;/C) (100), was used
to illustrate graphically differences in the dominance relation-
ships of prey sets.

Quantitative measurements of prev set diversity were made
using the number of “species” and number of individuals
per “species” collected. Species diversity parameters were
used in the analysis of daily collections, and to characterize
total prey sets, trophic components, and weight classes. Spe-
cies richness (d), from Margalef (1958), the species diver-
sity (H’), using the Shannon-Wiener information theory
formula (Lloyd, Zar, and Karr, 1968), and equitability (e)
from Pielou (1966) were calculated. The formulas used are
given below:

d = (8-1)/log.N

H’ = -3plog.p;; and

€= H'/Hmaxi
In these formulas S is the number of “species” in a sample,
N is the total number of individuals in a sample, p; is the
proportion of N that is represented by the number of indi-
viduals (N;) in the ith “species” (p; = ny/N), and Hy,,x =
-log,S is the maximum diversity of a sample containing S
species.

REsuLTS

A. Relative Densities of Sorex cinereus on the Study Quad-
rats
The total number of Sorex collected on the four quadrats
while data on invertebrate prey sets were being collected are
presented in Table 1. S. cinereus populations contained a
number of resident breeding adults. Since all quadrats con-

TaBLE 1. RELATIVE DENSITIES OF SOREX CINEREUS
Quadrat
Shrews Trapped During
Invertebrate Data Collection

Blarina Sorex
LGu 0 10
LGs 0 7
CPu 0 6
CPs 0 2
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tained a large number of traps, the shrews trapped during
the time period of invertebrate data collection probably in-
cluded most of the resident and nomadic shrews that entered
each quadrat. During the study, B. brevicauda populations
remaining on both ecosystems were confined to swales and
low wet areas.

TaBLE 2. NUMERICAL INVERTEBRATE PREY DENSITIES

Quadrat LGu LGs CPu CPs
Number of Sorex

captured 10 7 6 2
Number of prey

collected per

day ( =+ S.E.) 95+14 11.5+1.5 13.3+1.3 159+1.8
Total number of

prey collected 104 127 146 175

Total number of

herbivorous and

detritivorous prey

collected 51 66 68 88
Total number of

carnivorous prey

collected 53 61 78 87

1. Numerical Prey Density

The numerical densities of prey on the different quadrats
are presented in Table 2. The total number of prey organ-
isms collected from each quadrat varied inversely with the
shrew density. Likewise the number of invertebrates col-
lected per day of sampling decreased with increasing shrew
densities. An analysis of variance was made on the number
of prey captured per day on each quadrat. The daily collec-
tions from a given quadrat were not significantly different
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Figure 1. A comparison of invertebrate prey biomass with shrew
predation levels, as indicated by relative shrew densities. Roman
numerals represent weight classes of invertebrates. See text for
discussion of the weight classes used. Solid symbols represent
Cayler Prairie and open symbols the Lakeside Grasslands quad-
rats. Upland quadrats are represented by triangles and slopes quad-
rats are represented by circles.
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from each other (P<.10). The numerical prey densities on
the LGu and CPs quadrats were different from the other two
quadrats and from each other (P>.05). The LGs and CPu
quadrats were not significantly different from each other in
terms of the number of prey collected per day (P'<.10).
Similar results occurred for the numbers of invertebrates in
the herbivore-detritivore and carnivore trophic levels (Ta-
ble 2). However, the trends for decreasing prey density with
increasing shrew density were not observed for the numbers
of individuals in the different weight classes.

2. Prey Biomass

The data for the total invertebrate biomass are presented
in Table 3. Total prey biomass was greater on the slopes
than on the upland areas and was associated with commu-
nity productivity. The biomass of the six weight classes com-
prising the invertebrate fauna is presented as a function of
the shrew density in Figure 1. The biomass of the weight
classes showed little association with shrew density.

3. Prey Size Density

The results (Figure 2) indicated that the psd of both tro-
phic levels and for the total invertebrate fauna were inverse-
ly correlated with the shrew density. However, the mean
prey sizes expressed in terms of body length were not very
different at any shrew density. Apparently, the association
between psd and shrew density was primarily a function of
the great differences between the numerical prey densities on
the different quadrats. However, other factors were involved.
Although the numerical prey densities of each trophic level
on the quadrats were very similar (Table 2), the psd for
the two trophic levels were quite different (Figure 2). In
general, the herbivores and detritivores on all four quadrats
were larger than the invertebrate carnivores and therefore
they contributed more to the total psd than did the carni-
vores.
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Figure 2. A comparison of invertebrate prey size density with
shrew densities on the four quadrats. Solid symbols represent
Cayler Prairie and open symbols the Lakeside Grasslands quad-
rats. Upland quadrats are represented by triangles and slopes quad-
rats are represented by circles.
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TaBLE 3. DRy WEIGHT B10oMASS OF INVERTEBRATE PREY

Quadrat LGu LGs CPu CPs
Number of Sorex

captured 10 7 6 2
Total biomass of

invertebrate prey (mg) 3510 5780 3760 4130
Biomass of herbivorous and

detritivorous prey (mg) 2320 4460 2980 3120
Biomass of carnivorous

prey (mg) 1190 1320 780 1010

B. Species Dominance in Prey Sets

1. Dominance Indices

The dominance values of the total prey set biomass on
each quadrat and dominance values for the herbivore-detri-
tivore components were inversely related to shrew density
(Table 4). The dominance indices for the carnivores were
higher for the LG quadrats than for the CP quadrats. Since
the herbivore-detritivore component comprised a greater pro-
portion of the total biomass than did the carnivores, the
trends of the herbivore-detritivore component are 1eflected
in the dominance indices for the total invertebrate fauna on
each quadrat (Table 4).

TaBLE 4. CoMPosITION OF PREY SETS: DOMINANCE
INDICES FOR PREY SET Bromass

Quadrat LGu LGs CPu CPs
Number of Sorex
captured 10 7 6 2
Dominance index to
total prey biomass 0.23 0.33 0.33 0.42
Dominance index to
herbivorous +
detritivorous
prey biomass 0.41 0.51 0.49 0.66
Dominance index
to carnivorous
prey biomass 0.44 0.44 0.28 0.21
2. Dominance-Diversity Relationships

The dominance-diversity curves for all “species” in the

prey sets on the four quadrats are presented in Figure 3.
The dominance-diversity curves illustrate the contributions
of the different “species” to the dominance index. The domi-
nant “species” (a large cricket) comprised 74% of the total
dominance on LGu, 89% on LGs, 92% on CPu, and 96% on
CPs. The importance of this “species” declined as the shrew
density increased. There was a slight but persistent tendency
for subdominants to increase in importance as the shrew
density increased (Figure 3). The number of “species” with
intermediate importance values was about the same on all
four quadrats.

The dominance-diversity curves for the herbivore-detriti-
vore fauna (Figure 4) were similar to the dominance-diver-
sity curves for all invertebrate “species” (Figure 3). The
dominant “species” contributed 94% of the total herbivore-
detritivore dominance on LGu, 96% on both LGs and CPu,
and 98% on CPs. On LGu, LGs, and CPu, there were one
or two subdominants contributing 3-4% of the dominance,

https://scholarworks.uni.edu/pias/vol80/iss2/8
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Figure 3. Dommance d1ver51ty curves for the contributions of

all invertebrate “species” to the dominance index. Quadrats are
arranged in order of decreasing shrew density.
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Figure 4. Dominance-diversity curves for the contributions of
individual “species” of invertebrate herbivores and detritivore
dominance index. Quadrats are arranged in order of decreasing
shrew density.

while on CPs there was no subdominant contributing more
than 1% of the dominance. The dominance-diversity curves
for the carivores are presented in Figure 5. On all quadrats
more than one “species” contributed greater than 1% of the
total dominance index. Furthermore, on CPs, four “species”
contributed more than 10% of the total dominance. There-
fore increases in the importance of invertebrate carnivores
were associated with decreased shrew density.
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Figure 5. Dominance-diversity curves for the invertebrate carni-
vores. Quadrats are arranged in order of decreasing shrew density.

TABLE 5. SPECIES DIVERSITY PARAMETERS FOR TOTAL
INVERTEBRATE ASSEMBLAGES, USING DATES OF
COLLECTION FOR REPLICATION (N = 11)

Number

of Sorex

Captured
Quadrat d + S.E. H' =+ S.E. e + S.E.
LGu 10 1.64 + 0.06 2.40 = 0.09 0.94 = 0.01
LGs 7 1.53 + 0.09 242 + 0.11 0.93 = 0.01
CPu 6 154 + 0.15 2.34 + 0.16 0.87 = 0.02
CPs 2 147 + 0.11 243 = 0.12 0.89 = 0.02

C. The Species Diversity of Prey Sets

1. Species Diversity of Invertebrate Assemblages Using
Dates of Collection for Replication

The means and standard errors of the species richness
(d), species diversity (H’) and equitability (e) are pre-
sented in Table 5. The species richness showed a positive
association with shrew density. The mean number of “spe-
cies” collected per day varied from 6.1 to 5.7 and was not
different on any of the quadrats. However, the number of
individuals collected per day (Table 2) decreased with in-
creasing shrew density. Thus the increase in the species
richness with increasing shrew density results from a de-
crease in the density of prey items rather than any change

Published by UNI ScholarWorks, 1973
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in the number of “species” present. The equitability, calcu-
lated for each date of collection, was higher on LG than on
CP. This was attributed to the larger number of small car-
nivores (lycosid spiders) collected on CP than on LG. The
species diversity (H") for daily collections was not signifi-
cantly different on any of the quadrats. Small sample sizes
affected the values obtained each day, and thus the daily H’
fluctuated widely.
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Figure 6. Invertebrate prey species diversity (H') is presented
as a function of shrew densities. See text for discussion of the use
of weight classes I-VI. Solid symbols represent Cayler Prairie
quadrats and open symbols Lakeside Grasslands quadrats, Upland
quadrats are represented by triangles and slopes quadrats are
represented by circles.

2. Species Diversity of Total Invertebrate Assemblages

The species diversity (H’) of the weight classes compris-
ing the total invertebrate fauna is presented in Figure 6.
Species diversity indices were obtained by adding succes-
sively the contributions of the different weight classes to the
largest (weight class VI). For the herbivore-detritivore faun-
al component, the species diversity of weight classes V and
VI combined was positively associated with the shrew den-
sity. Compensatory increases in the species diversity of
weight class V may have occurred when the dominance of
weight class VI was reduced by increased shrew predation.
Among other weight classes, the high carnivore diversity on
LG and the high herbivore-detritivore diversity on both up-
lands resulted in a higher diversity on LGu and a lower di-
versity on CPs. Thus there was an apparent positive associa-
tion of total species diversity with shrew density.

Discussion AND CONCLUSIONS

Shrews in general are noted to take a wide variety of prey
sizes and to feed upon a wide variety of invertebrates (Ham-
ilton, 1930, 1941; Whitaker and Ferraro, 1963; Rudge, 1968;
Platt, 1972; Whitaker and Mumford, 1972). Sorex in partic-
ular appears to respond to the availability of prey and may
exploit seasonally transient members of the litter fauna. Since
the species composition of litter fauna changes during the
year, it is not unreasonable to expect such a predator to re-
spond to the size of prey it encounters in runways on the
surface of the ground. This was indicated in this study by
the data on psd. The consequences of prey size selection in
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fishes have been well documented (Brooks and Dodson,
1965; Hall, Cooper, and Werner, 1970). Over long-term pe-
riods, fish can structure zooplankton communities. A greater
diversity of smaller sized organisms occurs when fish are
present.

From the association of increased shrew density with in-
creased numerical prey density, decreased prey size density,
decreased prey set biomass dominance, and increased species
diversity of certain size classes, we tentatively conclude that
S. cinereus affects the composition of prey sets upon which
it feeds. In particular, the masked shrew appears to decrease
the density of the dominant, large-sized invertebrate prey
species. This decrease in the numerical density of the largest-
sized prey resulted in a more equitable distribution of prey
individuals among the other “species” present and an in-
crease in the diversity of the larger size classes. We predict
that size-selective predation is a short-term response to high
densities of certain prey size classes. As the densities of
larger prey are decreased by predation, niches are opened
to smaller species that may then coexist with the larger and
more abundant prey. If the predation rates are maintained
over long time periods, a decrease in competition between
invertebrate species due to shrew predation should result in
further increases in species diversity and increased trophic
complexity. A similar hypothesis has been proposed for the
maintenance of high diversity in deep sea communities also
(Dayton and Hessler, 1972). This phenomenon has been
documented for starfish (Paine, 1966, 1971; Dayton, 1971);
Paine has described keystone predators as those that reduce
competition by preying heavily upon dominant species in- the
prey set. Thus S. cinereus appears to have feeding habits
that potentially would enable it to act as a keystone preda-
tor in prairie ecosystem litter-detritus food webs.

Keystone predators such as fish and starfish are charac-
terized by indeterminate growth. This permits a facultative
response whenever conditions are such that growth is pos-
sible. Sorex, while not exhibiting the indeterminate growth
patterns of the aquatic predators, has a high metabolic rate
(Morrison and Pearson, 1946; Morrison, Ryser, and Dawe,
1959). The large food requirements for such a mammal
(Morrison, Pierce, and Ryser, 1957), coupled with a high
reproductive rate, would facilitate rapid numerical and func-
tional responses to changes in prey density (Platt, 1972). S.
cinereus, being capable of large intake of prey relative to
its body size, should be able to affect prey populations out
of proportion to its own population size. This, coupled with
the mobility of shrews, makes the ability to alter prev set
composition (ie., a keystone predator) feasible.

The absence of an effect upon the biomass of prey also
is not surprising; similar results were noted by Hall, Cooper
and Werner (1970) concerning bluegill predation and total
pond invertebrate production. Instead only the biomass of
the larger size classes of invertebrate prey were correlated
with the total fish production. The short time period of the
present study precluded any correlation of invertebrate prey
and shrew production.

The interactions between S. cinereus and other predators
is also of interest. The effects of decreasing the dominant
largest prey should, if compensatory increases in small prey
occur, favor increases in the density of small invertebrate
predators. Also, S. cinereus populations increased after the B.
brevicauda populations crashed, and then only in areas where
Blarina was not present. From unpublished laboratory data
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and other studies (Whitaker and Ferraro, 1963; Platt, 1972)
it appears that B. brevicauda also is prey-size selective. Diet
overlaps between the two species of shrews (Whitaker and
Mumford, 1972) include many of the medium to large-sized
invertebrates. Consequently effects of the two species of
shrews upon prey populations might be somewhat similar.
When both species of shrews are present in the same ecosys-
tem, it might be expected that they would utilize different
areas for foraging. Generally S. cinereus is not very numerous
unless B. brevicauda is scarce; there appears to be some in-
hibitory effect on the smaller species by the larger. Blarina,
however, depends upon Microtus at least as an alternate
prey (Platt, 1972); when vole populations decline, so do
those of the short-tailed shrew. At this time the density of
S. cinereus increases. It seems possible that Sorex and Blar-
ina may act alternately as a keystone predator over time.
This would undoubtedly increase the stability of a system
containing populations that exhibit cyclical patterns of pop-
ulation density. If predators higher in the food web normally
keep short-tailed shrew populations at densities low enough
to enable populations of the smaller masked shrew to co-
exist, the stability of the system also would be increased.
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