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ABSTRACT
The abundance-occupancy relationship (AOR) is a recurrent pattern in ecology and
biogeography, in which species with expansive distributions are locally common while
those with restricted distributions are locally rare. Despite occurring across a wide variety
of taxa and spatial scales, the mechanisms underlying AORs are not well understood. |
tested two such mechanisms regarding dietary generalism in a guild of 8 small,
herbivorous African mammals: (1) the degree to which diet was explained by food
availability, and (2) population-level diet breadth. | expected that food availability would
better predict diet for abundant, widespread species than rare, restricted species.
Additionally, I predicted that species that use a diversity of C3 and C, plants and
arthropod resources (dietary generalists) both would occupy more sites and, given
occupancy, be more abundant than rare, restricted species (i.e., purported dietary
specialists). For two species, diet was related to food availability, albeit weakly; food
availability was a poor predictor of diet for the remaining six species. | detected no

relationship between population-level diet breadth and abundance, nor between



population-level diet breadth and occupancy. My results provide weak support for the

resource-breadth hypothesis, which posits that differences in niche width underlie AORs.
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INTRODUCTION

Within closely related or ecologically similar taxa, species tend to be common
within expansive geographic ranges, or rare within restricted ranges. Such abundance-
occupancy relationships (AORs) are robust to sampling methods, spatial and temporal
scales of inquiry (Cowley et al., 2001; Darwin, 1959; Webb et al., 2012; Zuckerberg et
al., 2009), and have been noted in taxa as diverse as marine bacteria (Amend et al., 2013),
woody plants (Falster et al., 2001), breeding birds (Gaston and Blackburn, 2003),
butterflies (Cowley et al., 2001), and primates (Harcourt et al., 2005). Abundance-
occupancy relationships have been instrumental in a variety of conceptual and applied
advances, including the unification of species-area relationships and species-abundance
distributions (Harte et al., 2001; McGill and Collins, 2003), pest control (Nachman, 1984;
Topping et al., 2015), population estimation for highly motile species (Webb and Merrill,
2012), and the setting of harvest limits (Swain and Morin, 1996). Additionally, AORs
have strong potential to inform reserve design and other efforts to curb extirpation and
extinction (Borschig et al., 2013; Gaston et al., 2000; Martinez et al., 2017).

A diversity of explanations for the AOR has been proposed, ranging from
sampling artifacts (e.g., Selmi and Boulinier, 2004; Wilson, 2011) to differential rates of
dispersal (Hanski, 1982; Hanski and Gyllenberg, 1993; Tempel and Gutiérrez, 2013).
Perhaps most prominently, AORs have been hypothesized to reflect differences in
resource requirements among species, such that those species that are able to use a broad
array of resources should occur at more sites, and be relatively abundant in the sites that
they occupy (Brown 1984; Brown et al. 1995). In contrast, locally rare species are

hypothesized to be resource specialists, thus restricting their distribution across the



landscape in tandem with the availability of preferred resources (Brown 1984; Brown et
al. 1995). This idea runs counter to the expectation of trade-offs between rare, restricted
species (purported specialists) and those that are abundant and widely distributed
(purported generalists): under the resource-breadth hypothesis, specialists do not exhibit
sufficiently high population growth to be common in the few places that they occur, so
the jack-of-all-trades may well be a master of all (Brown, 1995; MacArthur, 1972).
Despite the intuitive appeal of this hypothesis, field tests of it are rare (but see Verberk et
al., 2010); indeed, the resource-breadth hypothesis itself has even been deemed
“impossible to test” (Gaston et al., 1997).

Often, ecologists have tried to evaluate the resource-breadth hypothesis (and other
hypotheses for AORS) by relating species abundance and occupancy over broad spatial
scales to (necessarily) coarsely-delineated habitat types (e.g., Faulks et al., 2015; Gaston
et al., 2000; Komonen et al., 2013; La Sorte and McKinney, 2007; Tonkin et al., 2016).
While this approach has enhanced our appreciation for the generality of AORs, it glosses
over the near-universality that individuals use only a subset of resources available to
them (Manly et al., 2002; Stamps, 2009). Given data only on species abundance and
occupancy across habitat types, it remains difficult to discriminate between preferences
(which are flexible) and requirements (which are fixed). Moreover, intraspecific variation
in resource use can account for most of a population’s total niche width (Bolnick et al.,
2007, 2011; Maldonado et al., 2017; Newsome et al., 2009; Roughgarden, 1974; Van
Valen, 1965). In short, the resource-breadth hypothesis is a macroecological hypothesis

that may be challenging to test with macroecological data.



| integrated consumer-resource interactions with intraspecific variation in diet to
evaluate the role of diet breadth in driving abundance and occupancy in a species-rich
guild of small, mainly herbivorous mammals. Although food represents a single resource,
food limitation underlies whole-community abundance in my study system (Goheen et
al., 2013; Long et al., 2017), other small-mammal communities in East Africa (Keesing,
1998; Keesing and Young, 2014; Metz and Keesing, 2001; Young et al., 2015), and
small-mammal communities elsewhere (e.g., Buesching et al., 2011; Galetti et al., 2015;
Herder et al., 2016; Parsons et al., 2013; Steen et al., 2005). Therefore, diet provides an
informative lens through which to test predictions of the resource-breadth hypothesis in
my study system. In accord with the resource breadth hypothesis, | predicted that more
abundant, widespread species would be generalists whose food use would reflect
availability (Fig. 1A; Fig. 1Bi). In contrast, rare, restricted species should be specialists
whose food use should be relatively invariant, even in the face of shifting availability
(Fig. 1A; Fig. 1Bii, 1Biii). Further, | predicted that population-level diet breadth, as
assayed by carbon and nitrogen isotopes (i.e. the isotopic niche) would be broadest for
abundant, widespread species and narrowest for rare, restricted species. In confronting
the AOR with species' differences in diet selection, | hoped to mechanistically link

intraspecific variation in resource use to a widespread ecological pattern.

METHODS
Study Area: My research was conducted from 2009-2016 at the Mpala Conservancy in
Laikipia County in central Kenya (0°17'N, 37°52" E, 1600 m elevation), in a semi-arid

savanna. This region is characterized by unproductive, red sandy loam soil and has a



trimodal rainfall regime. The long rains occur April-May, and two periods of shorter
rains may occur in August and October (Augustine, 2002). Mount Kenya casts a rain
shadow across my field sites, such that annual rainfall increases by ~45% from the arid
north to the mesic south over a short distance (~20 km). Vegetation overstory is
dominated by Acacia etbaica, Acacia mellifera, and Acacia brevispica, while understory
is a discontinuous mix of grasses and forbs. The most common grasses are Pennisetum
stramineum, Cynodon plectostachyus, and Cynodon dactylon (Goheen et al., 2013). The
most common forbs are Gutenbergia cordifolia, Commelina africana, and Indigofera
brevicalyx. A diversity of large (>5 kg) mammalian herbivores occurs at my sites, of
which elephant (Loxodonta africana), impala (Aepyceros melampus), and dik-dik
(Madoqua guentheri) account for the highest biomass density (Pringle et al., 2014).

I conducted my work within the UHURU (Ungulate Herbivory Under Rainfall
Uncertainty) experiment that consists of four size-selective treatments, in which
combinations of mammalian herbivores are excluded or permitted access to 1-ha plots
using a series of electrified fences (Goheen et al., 2013). For the purposes of this study, |
focused on the two extreme treatments: control (unfenced) plots to which all large
mammalian herbivores had access, and total exclusion plots from which all herbivores
including and larger than dik-dik (ca. 5 kg) were excluded (hereafter “exclusion plots™).
Exclusion plots are permeable to predators (snakes and small carnivores) that consume
small mammals (Goheen et al. 2013; Long et al. 2017). These treatments are replicated
three times at each of three rainfall levels (Goheen et al. 2013): south (~640 mm/year),

central (~580 mm/year), and north (~440 mm/year). In combination, the spatial gradient



in rainfall, temporal variability in rainfall, and exclusion of large mammalian herbivores

create a shifting mosaic of food availability.

Small Mammal Trapping: Since May 2009, small mammals have been trapped at
UHUHU sites; my study uses samples collected July 2009 — January 2013 and March
2015 — August 2016. A 7x7 trapping grid with 10 m spacing is centered within each plot,
for a total of 882 traps across all plots. Small mammals were captured with Sherman live
traps baited with a peanut butter and oats mixture, placed at each stake for 4 consecutive
nights every-other month. New captures received unique Monel fingerling eartags with
the exception of Acomys, Crocidura and Mus spp.; these species were marked with
indelible ink upon first capture for individual identification within sampling bouts
because they were too small or delicate for eartags to be applied. (Goheen et al., 2013;
Seifert et al., 2012). Species identification, individual identification, weight, age,
reproductive status and trap location were recorded. At first capture during a trapping
bout, if there was no visible haircut from previous captures, hair samples were collected
from the rump of the animal for stable isotope analysis.

| focused on eight species of small mammal: Hinde’s bush rat (Aethomys hindei),
African grass rat (Arvicanthis niloticus), rufous elephant shrew (Elephantulus rufescens),
fringe-tailed gerbil (Gerbilliscus robustus), woodland thicket rat (Grammomys
dolichurus), Kellen’s small-eared dormouse (Graphiurus kelleni), East African pouched
mouse (Saccostomus mearnsi), and Harrington’s tateril (Taterillus harringtoni). These
species were selected because they vary widely in abundance and occupancy, can be

detected with regularity (probability of detection given presence was >0.80 for all



species) and are large enough to be uniquely marked for subsequent identification. With
the exception of E. rufescens that consumes primarily arthropods and feeds occasionally
on plants (Rathbun, 1979), all of these species are primary consumers and are reported to
rely on understory vegetation (Bergstrom, 2013; Kingdon et al., 2013; Metz and Keesing,
2001; Neal, 1984; Rabiu and Rose, 1997; Smithers, 1971); however, they may also

opportunistically consume arthropods (Kingdon et al., 2013).

Plant Surveys: | quantified biomass and composition of understory vegetation at the
height of the dry season (Feb—Mar), and again during Sep—Oct when plants were green
and productive. A 0.25 m? quadrat was placed on the north side of each stake in the
trapping grid and presence/absence for all grasses and forbs within the quadrat was
recorded. A 10-point pin frame was placed centrally within the smaller quadrat and the
total number of live understory and bare-ground pin hits was recorded. At my sites, the
number of pin hits is strongly correlated with understory biomass (Augustine, 2002).
Biomass of understory vegetation was used as a proxy for food availability
because the majority of the small mammal species rely primarily on plant dietary
resources. | did not incorporate overstory biomass into estimates of food availability for
two reasons. First, any consumption of overstory plants likely would be restricted to
seeds, which are sporadically available throughout the year; it is difficult to estimate
access by ground-dwelling herbivores to ephemeral seed crops in the canopy. More
importantly, from published natural histories of each species (described above), most

diets within this guild are comprised of leaves and seeds of understory plants. This



expectation is supported by fecal DNA metabarcoding data on diet composition (Goheen
and Kartzinel unpublished data; see also Kartzinel et al., 2015).

From October 2009 to March 2013, | estimated food availability within individual
plots. Home ranges of small mammals are sufficiently small that inter-plot movements
are very rare (Young et al., 2015). The number of green vegetation pin hits for each
species of forb and grass at each stake was summed across all stakes in each plot to
estimate species-specific biomass (food availability). I then calculated the percent of the
biomass that was grass to estimate the C4 plant resources available in that plot. |
estimated food availability for each individual based on the plot and sampling bout in
which an individual was trapped, such that individuals sampled Jan—Jun were assigned
estimates of food availability from March, and individuals sampled Jul-Dec were
assigned estimates of food availability from September. | also calculated the average
proportion of C3 and C,4 plants by genus in each plot to determine the most likely diet

items within each plant photosynthetic type.

Stable Isotope Analysis: My study sites are characterized by a mosaic of plants that use
either the Cs (trees, shrubs and forbs) or C4 (most grasses) photosynthetic pathway
(Bergstrom, 2013; Sponheimer et al., 2003), which can be readily distinguished via
carbon isotope (8'*C) analysis. The nitrogen isotope (8"°N) composition of a consumer’s
tissue indicates trophic level (Ben-David and Flaherty, 2012) when spatial or temporal
(baseline) shifts in the 8*°N of plants can be accounted for via analysis of dominant
primary producers. The 8*3C and 8"°N composition of a consumer mirrors that of its food

resources, but is offset by predictable amounts due to isotopic discrimination that occurs



during resource assimilation and tissue synthesis. Trophic discrimination factors vary
between 0—-3%o for §"*C (Post, 2002) and 3—5%o for 8*°N (DeNiro and Epstein, 1981)
depending on the tissue type, diet quality (protein content), and nitrogen excretionary
pathway (Bearhop et al., 2002; Kurle, 2002; Pearson et al., 2003; Vanderklift and
Ponsard, 2003). The isotopic composition of consumer tissues reflects that of their diet at
the time of the tissue formation (Martinez del Rio et al. 2009). Tropical mammals molt
continuously (Mares et al., 1982), so hair samples reflect diet consumed over the 3-4
months (Bergstrom, 2013; Priestley, 1966; Tieszen et al., 1983).

From March 2016-June 2016, I collected leaves of the 20 most abundant species
of understory plants at all three rainfall levels. | pressed or dried plant samples at ~45°C.
Dried plant leaves were weighed (~2.5 mg) into tin capsules. Hair samples were cleaned
with chloroform methanol, dried, and weighed (~0.5 mg) into tin capsules. All plant and
hair samples were analyzed for §*3C and 8*°N using a Costech 4010 Elemental Analyzer
(Valencia, CA) coupled to a Thermo Scientific Delta V isotope ratio mass spectrometer
(Bremen, Germany) at either the University of Wyoming Stable Isotope Facility
(Laramie, WY) or the University of New Mexico Center for Stable Isotopes
(Albuquergue, NM). Isotopic data are reported in & notation, as §"°C = 1,000 x
[(Rampte/Rstandard) — 1], Where Reampie and Rsandara represent the **C/*2C ratio of samples
and standards, respectively. & values are reported in units of per mil (%.) and are
calibrated to international standards of Vienna Pee Dee Belemnite limestone (\V-PDB) for
83C and atmospheric N, for §'°N. The within-run standard deviation of internal

reference materials that were calibrated to these international standards was +0.2%o.



Data Analysis: To quantify the shape of the AOR, | determined abundance for species
with small sample size (A. niloticus, G. dolichurus, G. kelleni, and T. harringtoni) by
number of unique individuals captured across all plots for each species in each trapping
period, then divided that number by the number of plots in which each species occurred.
The resulting values were averaged for each species across all trapping periods in which
the species was captured (Borregaard and Rahbek, 2010; He et al., 2002). For the most
common species (A. hindei, E. rufescens, G. robustus, and S. mearnsi), abundances were
calculated by rainfall level using a robust design Huggins model with full heterogeneity. |
used the R package RMark (Laake, 2013) to construct models for Program MARK
(Huggins, 1989; White and Burnham, 1999). Models were ranked based on Akaike’s
Information Criterion and abundance estimates were obtained from the highest ranking
model. For species for which | was able to employ robust design models, abundance
values were summed across each period and divided by the number of plots in which the
species was sampled (Goguen et al., 2015); that value was averaged across periods in
which individuals were caught to obtain an abundance value comparable to the other
species. Occupancy was determined by counting the number of plots in which a species
was present during a given trapping period. These values were then averaged across all
trapping periods.

For each species, | estimated the relative proportion of Cs versus C, resources
consumed by each individual and tested if food availability drove resource use. | used a
Bayesian mixing model Stable Isotope Analysis in R (Parnell et al., 2010) to estimate the
relative proportions of C3 versus C,4 resources consumed by each individual, which |

report as %C,. assuming that %Cs; + %C,4 sums to 100%. In the mixing model | used



mean (+SD) §"*C values of C3 and C, plants collected from each rainfall level (Table 1)
for individuals from that level. | applied a mean (xSD) trophic discrimination factor of
1.0 + 0.5%o to 5*°C values from small mammal hair (Post, 2002). | regressed the %C,
biomass in the plot during an individual’s capture (food availability) and %C, of the
individual’s diet (resource use) and calculated slopes, intercepts, p-values and R? values
for each species in R.

| used the package Stable Isotope Bayesian Ellipses in R (Jackson et al., 2011) to
calculate the 8"C versus 8N standard ellipse area of each species, which | used as a
metric of isotopic niche width. | calculated 40% Bayesian standard ellipse areas (SEA)
estimates for all species, which is approximately equal to one standard deviation around
the mean (centroid) of each ellipse. The SEA quantifies variation in a population’s
isotopic composition, a proxy for species-level diet breadth, and is robust to sample size
(Jackson et al., 2011). I then calculated the proportion of Bayesian ellipses of one species
that were larger than those of another species for all possible pairwise combinations of
species’ ellipses. | consider species in which >95% of the ellipses exceed those of another
species as significantly larger. Occupancy and abundance were regressed against SEA

separately and together to determine any relationships with isotopic niche width.

RESULTS
Stable isotopes analysis distinguished between the §"*C values of C; and C,
plants; isotope values did not vary significantly by rainfall level for any of the 20 most
common species of understory plants. The average &'°C value of C; plants was -27.0 +

1.8 and the average 8**C value of C, plants was -13.9 + 1.1 (Table 1). The range of §*3C

10



values across all food sources—plant and arthropod—was 19.0%o. The range of 8°N

values across all food sources was 17.1%o. Average 5°C and 8*°N for each species can be
found in Table 2.

The distribution of C3 and C4 biomass was highly skewed across genera
(Appendices B and C). Relatively few genera accounted for most of the biomass in the
plots so small mammals that specialize on Cs or C, are likely utilizing a very narrow
selection of plants. Among Cs plants >50% of the biomass was accounted for by 4 or less
genera, though the dominant genera varied between plots. Barleria, Commelina, and
Indigofera species were often among the dominant forbs. Among C, plants >50% of the
biomass was accounted for by 3 or less genera with Cynodon and Pennisetum species
comprising the top two in almost 80% of the plots.

Abundance and occupancy were linearly related (R? = 0.62, P < 0.01; Fig. 2). For
two of the eight focal species (A. hindei [R? = 0.07, P = 0.02] and A. niloticus [R® = 0.19,
P = 0.01]), food use mirrored food availability, although the amount of variation in food
use explained by food availability was low (Fig. 3). Food use was unrelated to food
availability for the remaining six species (P > 0.05; Table 3).

Standard ellipse area varied significantly between most pairs of species (Fig. 4).
The species are ordered by SEA from smallest to largest with abundance and occupancy
rank, respectively, as follows: E. rufescens (4, 7), S. mearnsi (7, 5), A. hindei (8, 6), G.
dolichurus (1, 2), G. kelleni (3, 1), A. niloticus (5, 4), G. robustus (6, 8), T. harringtoni
(2, 3).Neither occupancy (P = 0.95) nor abundance (P = 0.55) were related to the area of

standard ellipses (Fig. 5).
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DISCUSSION

| found limited support for the resource breadth hypothesis. Population-level diet
breadth was related neither to abundance nor occupancy. Further, diets of abundant,
widespread species (A. hindei, G. robustus, and S. mearnsi) were related to food
availability no more than those of rare, restricted species (Grammomys dolichurus,
Graphiurus kelleni, and T. harringtoni). Only two species (Aethomys hindei, Arvicanthis
niloticus) exhibited relationships between diet and food availability, and the relationship
between diet and food availability for A. hindei was negative, which is opposite that
predicted for an abundant, widespread species. Independence between diet and food
availability could be explained by optimal foraging theory, in which abundant resources
are ignored when more energetically profitable options are available (Charnov, 1976;
Kotler and Brown, 1988; St. Juliana and Mitchell, 2016).

Counter to conventional wisdom surrounding ecological specialization and fitness
trade-offs (Berumen and Pratchett, 2008; Futuyma and Moreno, 1988; @stman et al.,
2014; Pelegrin et al., 2017), the resource breadth hypothesis posits that species pay no
penalty for generalizing: to the extent that high abundances and widespread distributions
are indicative of fitness benefits. In other words, the jack-of-all trades may also be the
master of all (Brown, 1995; MacArthur, 1972). In this system, neither metric of diet
generalism (diet vs. food availability, population-level diet breadth) was related to
abundance or occupancy. This finding implies that neither dietary specialization nor
dietary generalism confers a fitness advantage over the other, and that trade-offs likely
are associated with each strategy or a neutral model for specialization exists (Forister and

Jenkins, 2017; Hubbell, 2005).
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Traditionally, dietary niche width has been evaluated by counting the number of
species an animal eats using a metric such as gut content analysis (Kerley, 1989;
Roughgarden, 1979). While stable isotopes do not use a taxonomic approach to define
niche width, they instead provide a very good estimate of functional dietary niche width
(i.e. C3 browser vs. C4 grazer, herbivore vs. insectivore). Small mammals select diet
items not because of their taxonomic designation but because of characteristics such as
nutritional content or size (Cole, 2017; Kotler and Brown, 1988; St. Juliana and Mitchell,
2016), making a functional approach to niche width perhaps even more informative than
a taxonomical approach. Furthermore, plant biomass estimates in this study have
demonstrated that within the functional groups of C; forbs or C,4 grasses relatively few
taxa comprise the majority of the biomass; therefore a specialist on one of these groups of
plants is probably also taxonomically restricted in diet.

An additional benefit to using stable isotopes is that they incorporate dietary
information over time, allowing the researcher to determine what an individual has eaten
over the past few months as opposed to a 24 hour snapshot in time that would be
provided by fecal or gut analyses. Many studies have explored the benefits of combining
stable isotope analysis with other types of analyses such as gut contents analysis (Grey et
al., 2002; Scharnweber et al., 2016) and DNA metabarcoding of feces (Hardy et al., 2010;
Kartzinel et al., 2015). Because isotopes and fecal or gut contents incorporate diet
information over different time scales (i.e. months vs. days) and taxonomical scales, these
methods have been shown to complement each other and may be a valuable next step if
one were to revisit the resource breadth hypothesis as a mechanism for the AOR. Fecal or

gut analyses would allow us to determine the diversity of plant species that comprise the
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diet at a fine temporal scale. Combined with stable isotopes, which shows coarse diet
composition over time, one could develop a robust diet profile for each species across
multiple temporal and taxonomic scales. By incorporating a fine-scale approach it might
be found necessary to redefine species along the specialization spectrum and under this
altered scenario a correlation between abundance, occupancy and diet breadth may be
discovered.

Although the niche is widely accepted as a n-dimensional hypervolume
(Hutchinson, 1957), for practical purposes it is impossible to quantify all niche axes.
Food, time, and space are generally considered the primary axes explaining species’
requirements and behavior (Pelegrin et al., 2017; Pianka, 1973; Schoener, 1974). This
study focused on food, a key driver of small mammal abundance, over a spatial scale
spanning a large environmental gradient, but did not address microhabitat use by small
mammals or patterns of aggregation in resources. Microhabitat studies have illustrated
the importance of space on small mammals’ fitness especially as it relates to predator
avoidance (Ceradini and Chalfoun, 2017; Kerley et al., 1990). Further studies focusing on
fine-scale movement and resource distribution could enhance our understanding of the
drivers behind abundance and occupancy.

| investigated one mechanism for the AOR — the resource breadth hypothesis —
however there are many more explanations for the AOR that warrant investigation; one
such explanation is metapopulation dynamics. Local abundance and regional distribution
are created and maintained through immigration to and emigration from habitat patches.
It predicts that higher abundance will lead to less extinction through the rescue effect,

more dispersers and thus higher occupancy. Higher occupancy strengthens the AOR by
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providing more patches from which individuals can be recruited (Cowley et al., 2001;
Hanski and Gyllenberg, 1993; Hanski et al., 1993).

My study suggests, contrary to the resource breadth hypothesis, that specialist
species are not inherently at higher risk of extinction than generalist species in systems
where population dynamics are driven by food availability; specialists can have
abundance and occupancy comparable to that of generalist species (see also Williams et
al., 2009). As long as a reserve is designed to encompass suitable sites for a specialist, it
IS not necessarily in “double jeopardy” as specialists are capable of having high
abundance and occupancy (Gaston et al., 2000). There are many studies predicting
specialist species to be more at risk with climate change (Davies et al., 2004; Munday,

2004), but this study gives us hope that this may not be the case.
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Figure 1. Schematic A) represents predictions of the resource breadth hypothesis. Species
that are more abundant and widespread are diet generalists, while species that are less
abundant and within a constrained distribution are diet specialists. In schematic B), i)

depicts a diet generalist, ii) depicts a C4 specialist, and iii) depicts a C3 specialist.
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Figure 2. The abundance-occupancy relationship for small mammals in the UHURU
experiment. Species names are abbreviated as follows: AEHI (Aethomys. hindei), ARNI
(Arvicanthis niloticus), ELRU (E. rufescens), GERO (Gerbilliscus robustus), GRDO
(Grammomys dolichurus), GRKE (Graphiurus kelleni), SAME (S. mearnsi), and TAHA
(T. harringtoni). Hollow data points represent species for which carbon and nitrogen

isotope values were not quantified.
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Figure 3. A) A. hindei’s diet is negatively correlated with food available. B) A. niloticus’
diet is positively correlated with food available. While significant, neither relationship

sufficiently explains the variability in the data.
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Figure 4. Bayesian standard ellipse areas (SEA, black dots) for each species. The
telescoping steps indicate credible intervals of 50%, 75% and 95%. Species names are
abbreviated as follows: AEHI (A. hindei), ARNI (A. niloticus), ELRU (E. rufescens),
GERO (G. robustus), GRDO (G. dolichurus), GRKE (G. kelleni), SAME (S. mearnsi),

and TAHA (T. harringtoni).
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Figure 5. A) Regression between SEA and abundance. B) Regression between SEA and

occupancy. Neither of these relationships are significant (P > 0.05).
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Table 1. Summary of carbon and nitrogen isotopic values and sample size for C; and C4

plants sampled across north (arid), central (intermediate), and south (mesic) plots.

Cs Cy
Mean §'3C Mean 8N n Mean §'3C Mean 8N n
N 27.7+1.2 6.6+15 45 -136+1.1 51+20 54
C -26.2+14 6.4+21 45 -141+1.1 42+14 63
S -26.8+2.2 6.2+3.0 48 -13.7+1.2 54+3.1 60
All -27.0+1.8 6.5+24 141 -13.9+1.1 48+2.1 178
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Table 2. Summary of sample size (n), and carbon and nitrogen isotopic values from hair

samples of each species across north (arid), central (intermediate) and south (mesic)

plots.
Species Level Mean §°C Mean 8°N n
N -22.3+0.8 94+0.8 17
. . C -23.3+0.6 8.9+0.8 23
A. hindei S 229412 71+1.1 37
All -229+1.0 81+14 77
N -15.3+1.6 9.1+0.7 15
A niloticus C -16.3+0.1 7.7+0.2 2
S -15.6+2.0 7.1+05 15
All -155+1.8 81+1.1 32
N -17+0.6 10.8+0.5 14
E rufescens C -18.6 £ 0.6 10.7+0.5 21
S -18.3+0.8 95+0.9 34
All -18.1+0.9 10.1+1.0 69
N -155+2.8 105+1.1 12
G. robustus C -155+1.9 10.3+0.9 58
S -16.8+2.3 9.0+1.6 81
All -16+25 98+14 211
N -212+1.2 10.2+0.5 6
) C -17.3+5.4 9.8+05 2
G. dolichurus S 211 10.2 1
All -20.3+9 10.2+0.4 9
N NA NA 0
. C -225+1.9 11.0+0.7 7
G. kelleni S 20,7 95 1
All -22.3+1.9 10.8 £ 0.9 8
N NA NA 0
S. mearnsi C -23.4+0.8 8.3+0.7 21
S -23.2+0.8 78+16 115
All -23.2+0.8 79+15 136
N -121+1.2 115+1.2 16
T. harringtoni C -143+2.1 11.6+2.0 3
S -15.3+4.2 98+1.1 3
All -12.8+2.2 11.3+1.4 22
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Table 3. A summary of the linear regression statistics derived from the data presented in
Figure 3. The x-variable is the percent C, available to the individual in the plot by

biomass and the y-variable is the percent C, in the diet of an individual.

Residual

P- Standard

Species Slope _Intercept _value R? Error
A. hindei -0.155 37.376 0.023 0.067 7.359

A. niloticus 0.300 51.923 0.012 0.193 10.920
E. rufescens 0.026 54.298 0.814 0.001 7.882
G. robustus -0.054 76.685 0.544 0.002 16.710
G. dolichurus | -0.029 46.265 0.931 0.001 20.060
G. kelleni 0.272 3.522 0.618 0.044 12.740
S. mearnsi -0.031  26.025 0.599  0.002 5.409
T. harringtoni | -0.506  131.827  0.097 0.153 8.070

23



REFERENCES

Amend, A.S., Oliver, T.A., Amaral-Zettler, L.A., Boetius, A., Fuhrman, J.A., Horner-
Devine, M.C., Huse, S.M., Welch, D.B.M., Martiny, A.C., Ramette, A., et al. (2013).
Macroecological patterns of marine bacteria on a global scale. J. Biogeogr. 40, 800-811.

Araujo, M.S., Bolnick, D.I., and Layman, C.A. (2011). The ecological causes of
individual specialisation. Ecol. Lett. 14, 948-958.

Augustine, D.J. (2002). Large herbivores and process dynamics in a managed savanna
ecosystem. Ph.D. Dissertation. Syracuse University.

Bearhop, S., Waldron, S., Votier, S.C., and Furness, R.W. (2002). Factors that influence
assimilation rates and fractionation of nitrogen and carbon stable isotopes in avian blood
and feathers. Physiol. Biochem. Zool. 75, 451-458.

Ben-David, M., and Flaherty, E.A. (2012). Stable isotopes in mammalian research: a
beginner’s guide. J. Mammal. 93, 312—-328.

Bergstrom, B.J. (2013). Would East African savanna rodents inhibit woody
encroachment? Evidence from stable isotopes and microhistological analysis of feces. J.
Mammal. 94, 436-447.

Berumen, M.L., and Pratchett, M.S. (2008). Trade-offs associated with dietary
specialization in corallivorous butterflyfishes (Chaetodontidae: Chaetodon). Behav. Ecol.
Sociobiol. 62, 989-994.

Bolnick, D.I., Svanbéck, R., Aradjo, M.S., and Persson, L. (2007). Comparative support
for the niche variation hypothesis that more generalized populations also are more
heterogeneous. Proc. Natl. Acad. Sci. 104, 10075-10079.

Bolnick, D.I., Amarasekare, P., Aradjo, M.S., Blirger, R., Leving, J.M., Novak, M.,
Rudolf, V.H., Schreiber, S.J., Urban, M.C., and Vasseur, D.A. (2011). Why intraspecific
trait variation matters in community ecology. Trends Ecol. Evol. 26, 183-192.

Borregaard, M.K., and Rahbek, C. (2010). Causality of the relationship between
geographic distribution and species abundance. Q. Rev. Biol. 85, 3-25.

Bdrschig, C., Klein, A.-M., von Wehrden, H., and Krauss, J. (2013). Traits of butterfly
communities change from specialist to generalist characteristics with increasing land-use
intensity. Basic Appl. Ecol. 14, 547-554.

Brown, J.H. (1995). Macroecology (Chicago: University of Chicago Press).
Buesching, C.D., Newman, C., Jones, J.T., and Macdonald, D.W. (2011). Testing the

effects of deer grazing on two woodland rodents, bankvoles and woodmice. Basic Appl.
Ecol. 12, 207-214.

24



Ceradini, J.P., and Chalfoun, A.D. (2017). When perception reflects reality: Non-native
grass invasion alters small mammal risk landscapes and survival. Ecol. Evol. 7, 1823—
1835.

Charnov, E.L. (1976). Optimal foraging, the marginal value theorem. Theor. Popul. Biol.
9, 129-136.

Cole, E. (2017). Understanding the complex relationships between climate, vegetation,
and foraging behavior of a climate-sensitive alpine mammal in order to explain patterns
of persistence.

Cowley, M.J.R., Thomas, C.D., Roy, D.B., Wilson, R.J., Ledn-Cortés, J.L., Gutiérrez, D.,
Bulman, C.R., Quinn, R.M., Moss, D., and Gaston, K.J. (2001). Density—distribution
relationships in British butterflies. 1. The effect of mobility and spatial scale. J. Anim.
Ecol. 70, 410-425.

Darwin, C. (1959). On the Origin of Species (John Murray Publishers).

Davies, K.F., Margules, C.R., and Lawrence, J.F. (2004). A synergistic effect puts rare,
specialized species at greater risk of extinction. Ecology 85, 265-271.

DeNiro, M.J., and Epstein, S. (1981). Influence of diet on the distribution of nitrogen
isotopes in animals. Geochim. Cosmochim. Acta 45, 341-351.

Falster, D.S., Murray, B.R., and Lepschi, B.J. (2001). Linking abundance, occupancy and
spatial structure: an empirical test of a neutral model in an open-forest woody plant
community in eastern Australia. J. Biogeogr. 28, 317-323.

Faulks, L., Svanback, R., Ragnarsson-Stabo, H., Ekl6v, P., and Ostman, O. (2015).
Intraspecific Niche Variation Drives Abundance-Occupancy Relationships in Freshwater
Fish Communities. Am. Nat. 186, 272-283.

Forister, M.L., and Jenkins, S.H. (2017). A neutral model for the evolution of diet
breadth. Am. Nat. 190, EOQO.

Futuyma, D.J., and Moreno, G. (1988). The evolution of ecological specialization. Annu.
Rev. Ecol. Syst. 19, 207-233.

Galetti, M., Guevara, R., Neves, C.L., Rodarte, R.R., Bovendorp, R.S., Moreira, M.,
Hopkins, J.B., and Yeakel, J.D. (2015). Defaunation affects the populations and diets of
rodents in Neotropical rainforests. Biol. Conserv. 190, 2—7.

Gaston, K.J., and Blackburn, T.M. (2003). Dispersal and the interspecific abundance-
occupancy relationship in British birds. Glob. Ecol. Biogeogr. 12, 373-379.

Gaston, K.J., Blackburn, T.M., and Lawton, J.H. (1997). Interspecific abundance-range
size relationships: An appraisal of mechanisms. J. Anim. Ecol. 66, 579-601.

25



Gaston, K.J., Blackburn, T.M., Greenwood, J.J., Gregory, R.D., Quinn, R.M., and
Lawton, J.H. (2000). Abundance—occupancy relationships. J. Appl. Ecol. 37, 39-59.

Goguen, C.B., Fritsky, R.S., and San Julian, G.J. (2015). Effects of brush piles on small
mammal abundance and survival in central Pennsylvania. J. Fish Wildl. Manag. 6, 392—
404.

Goheen, J.R., Palmer, T.M., Charles, G.K., Helgen, K.M., Kinyua, S.N., Maclean, J.E.,
Turner, B.L., Young, H.S., and Pringle, R.M. (2013). Piecewise disassembly of a large-
herbivore community across a rainfall gradient: The UHURU experiment. PLoS ONE 8,
e55192.

Grey, J., Thackeray, S.J., Jones, R.1., and Shine, A. (2002). Ferox Trout (Salmo trutta) as
Russian dolls’: complementary gut content and stable isotope analyses of the Loch Ness
foodweb. Freshw. Biol. 47, 1235-1243.

Hanski, 1., and Gyllenberg, M. (1993). Two general metapopulation models and the core-
satellite species hypothesis. Am. Nat. 142, 17-41.

Hanski, 1., Kouki, J., and Halkka, A. (1993). Three explanations of the positive
relationship between distribution and abundance of species. In Species Diversity in
Ecological Communities: Historical and Geographical Perspectives, R.E. Ricklefs, and D.
Schluter, eds. (Chicago: University of Chicago Press), pp. 108-116.

Harcourt, A.H., Coppeto, S.A., and Parks, S.A. (2005). The distribution-abundance
(density) relationship: its form and causes in a tropical mammal order, Primates. J.
Biogeogr. 32, 565-579.

Hardy, C.M., Krull, E.S., Hartley, D.M., and Oliver, R.L. (2010). Carbon source
accounting for fish using combined DNA and stable isotope analyses in a regulated
lowland river weir pool. Mol. Ecol. 19, 197-212.

Harte, J., Blackburn, T., and Ostling, A. (2001). Self-similarity and the relationship
between abundance and range size. Am. Nat. 157, 374-386.

He, F., Gaston, K.J., and Wu, J. (2002). On species occupancy-abundance models.
Ecoscience 9, 119-126.

Herder, M. den, Helle, S., Niemeld, P., Henttonen, H., and Helle, T. (2016). Large
herbivore grazing limits small-mammal densities in Finnish Lapland. Ann. Zool. Fenn.
53, 154-164.

Holt, R.D., Lawton, J.H., Gaston, K.J., and Blackburn, T.M. (1997). On the relationship
between range size and local abundance: Back to basics. Oikos 78, 183-190.

Hubbell, S.P. (2005). Neutral theory in community ecology and the hypothesis of
functional equivalence. Funct. Ecol. 19, 166-172.

26



Huggins, R.M. (1989). On the Statistical Analysis of Capture Experiments. Biometrika
76, 133.

Hutchinson, G.E. (1957). The multivariate niche. Cold Spring Harb. Symp. Quant. Biol.
22, 415-4217.

Jackson, A.L., Inger, R., Parnell, A.C., and Bearhop, S. (2011). Comparing isotopic niche
widths among and within communities: SIBER - Stable Isotope Bayesian Ellipses in R:
Bayesian isotopic niche metrics. J. Anim. Ecol. 80, 595-602.

Kartzinel, T.R., Chen, P.A., Coverdale, T.C., Erickson, D.L., Kress, W.J., Kuzmina,
M.L., Rubenstein, D.l., Wang, W., and Pringle, R.M. (2015). DNA metabarcoding
illuminates dietary niche partitioning by African large herbivores. Proc. Natl. Acad. Sci.
112, 8019-8024.

Keesing, F. (1998). Impacts of ungulates on the demography and diversity of small
mammals in central Kenya. Oecologia 116, 381-389.

Keesing, F., and Young, T.P. (2014). Cascading consequences of the loss of large
mammals in an African savanna. BioScience 64, 487—495.

Kerley, G.1.H. (1989). Diet of small mammals from the Karoo. South Africa. South Afr.
J. Wildl. Res.-24-Mon. Delayed Open Access 19, 67-72.

Kerley, G.I.H., Knight, M.H., and Erasmus, T. (1990). Small mammal microhabitat use
and diet in the southern Kalahari, South Africa. South Afr. J. Wildl. Res. 20, 123-126.

Kingdon, J., Happold, D., Butynski, T., Hoffmann, M., Happold, M., and Kalina, J.
(2013). Mammals of Africa (London; New York: Bloomsbury).

Komonen, A., Henttonen, H., Huitu, O., and Nissinen, K. (2013). Curvilinear
interspecific density—range size relationship in small mammals in Finland. J. Biogeogr.
40, 1194-1201.

Kotler, B.P., and Brown, J.S. (1988). Environmental heterogeneity and the coexistence of
desert rodents. Annu. Rev. Ecol. Syst. 19, 281-307.

Kurle, C.M. (2002). Stable-isotope ratios of blood components from captive northern fur
seals (Callorhinus ursinus ) and their diet: applications for studying the foraging ecology
of wild otariids. Can. J. Zool. 80, 902—909.

La Sorte, F.A., and McKinney, M.L. (2007). Compositional changes over space and time
along an occurrence—abundance continuum: Anthropogenic homogenization of the North
American avifauna. J. Biogeogr. 34, 2159-2167.

Laake, J.L. (2013). RMark: An R Interface for analysis of capture-recapture data with
MARK (Alaska Fish. Sci. Cent., NOAA, Natl. Mar. Fish. Serv., 7600 Sand Point Way
NE, Seattle, WA 98115: National Marine Mammal Laboratory).

27



Long, R.A., Wambua, A., Goheen, J.R., Palmer, T.M., and Pringle, R.M. (2017).
Climatic variation modulates the indirect effects of large herbivores on small-mammal
habitat use. J. Anim. Ecol. doi: 10.1111/1365-2656.12669.

MacArthur, R.H. (1972). Geographical Ecology (Princeton University Press).

Maclean, 1.M.D., Wilson, R.J., and Hassall, M. (2011). Predicting changes in the
abundance of African wetland birds by incorporating abundance-occupancy relationships
into habitat association models. Divers. Distrib. 17, 480—490.

Maldonado, K., Bozinovic, F., Newsome, S.D., and Sabat, P. (2017). Testing the niche
variation hypothesis in a community of passerine birds. Ecology. doi: 10.1002/ecy.1769.

Manly, B.F., McDonald, L., Thomas, D., McDonald, T.L., and Erickson, W.P. (2002).
Resource Selection by Animals (Springer Verlag).

Mares, M.A., Streilein, K.E., and de la Rosa, M.P. (1982). Nonsynchronous molting in
three genera of tropical rodents from the Brazilian Caatinga (Thrichomys, Galea, and
Kerodon). J. Mammal. 63, 484-488.

Martinez, C.M., Duplisea, D.E., Cerrato, R.M., and Frisk, M.G. (2017). Exploration of
trends in interspecific abundance-occupancy relationships using empirically derived
simulated communities. PloS One 12, e0170816.

Matich, P., and Heithaus, M.R. (2015). Individual variation in ontogenetic niche shifts in
habitat use and movement patterns of a large estuarine predator (Carcharhinus leucas).
Oecologia 178, 347-359.

McGill, B., and Collins, C. (2003). A unified theory for macroecology based on spatial
patterns of abundance. Evol. Ecol. Res. 5, 469-492.

McLaren, J.R., and Turkington, R. (2010). Ecosystem properties determined by plant
functional group identity. J. Ecol. 98, 459-469.

Metz, M.R., and Keesing, F. (2001). Dietary choices of the pouched mouse (Saccostomus
mearnsi) in central Kenya. Biotropica 33, 182-187.

Munday, P.L. (2004). Habitat loss, resource specialization, and extinction on coral reefs.
Glob. Change Biol. 10, 1642-1647.

Murray, B.R., and Hose, G.C. (2005). The interspecific range size—body size relationship
in Australian frogs. Glob. Ecol. Biogeogr. 14, 339-345.

Nachman, G. (1984). Estimates of mean population denisty and spatial distribution of
Tetranychus urticae (Acarina: Tetranychidae) and Phytoseiulus persmilis (Acarina:
Phytoseiidae) based upon the proportion of empty sampling units. J. Appl. Ecol. 21, 903—
913.

28



Neal, B.R. (1984). Seasonal feeding habits of small mammals in Kenya. Z. Fir
Saugetierkd. 49, 226-234.

Newsome, S.D., Tinker, M.T., Monson, D.H., Oftedal, O.T., Ralls, K., Staedler, M.M.,
Fogel, M.L., and Estes, J.A. (2009). Using stable isotopes to investigate individual diet
specialization in California sea otters (Enhydra lutris nereis). Ecology 90, 961-974.

@stman, B., Lin, R., and Adami, C. (2014). Trade-offs drive resource specialization and
the gradual establishment of ecotypes. BMC Evol. Biol. 14, 113.

Parnell, A.C., Inger, R., Bearhop, S., and Jackson, A.L. (2010). Source partitioning using
stable isotopes: Coping with too much variation. PLoS ONE 5, e9672.

Parsons, E.W.R., Maron, J.L., and Martin, T.E. (2013). Elk herbivory alters small
mammal assemblages in high-elevation drainages. J. Anim. Ecol. 82, 459-467.

Pearson, S.F., Levey, D.J., Greenberg, C.H., and Martinez del Rio, C. (2003). Effects of
elemental composition on the incorporation of dietary nitrogen and carbon isotopic
signatures in an omnivorous songbird. Oecologia 135, 516-523.

Pelegrin, N., Mesquita, D.O., Albinati, P., Caldas, F.L.S., de Queiroga Cavalcanti, L.B.,
Costa, T.B., Falico, D.A., Galdino, J.Y.A., Tucker, D.B., and Garda, A.A. (2017).
Extreme specialization to rocky habitats in Tropidurus lizards from Brazil: Trade-offs
between a fitted ecomorph and autoecology in a harsh environment. Austral Ecol.

Pianka, E.R. (1973). The structure of lizard communities. Annu. Rev. Ecol. Syst. 4, 53—
74.

Post, D.M. (2002). Using stable isotopes to estimate trophic position: models, methods,
and assumptions. Ecology 83, 703-718.

Priestley, G.C. (1966). Rates and duration of hair growth in the albino rat. J. Anat. 100,
147-157.

Pringle, R.M., Goheen, J.R., Palmer, T.M., Charles, G.K., DeFranco, E., Hohbein, R.,
Ford, A.T., and Tarnita, C.E. (2014). Low functional redundancy among mammalian
browsers in regulating an encroaching shrub (Solanum campylacanthum) in African
savannah. Proc. R. Soc. B Biol. Sci. 281, 20140390.

Rabiu, S., and Rose, R.K. (1997). A quantitative study of diet in three species of rodents
in natural and irrigated savanna fields. Acta Theriol. (Warsz.) 42, 55-70.

Rathbun, G.B. (1979). The social structure and ecology of elephant-shrews. Z. Fir
Tierpsychol. Supplement 20, 1-77.

Robertson, A., McDonald, R.A., Delahay, R.J., Kelly, S.D., and Bearhop, S. (2015).
Resource availability affects individual niche variation and its consequences in group-
living European badgers Meles meles. Oecologia 178, 31-43.

29



Roney, N.E., Kuparinen, A., and Hutchings, J.A. (2015). Comparative analysis of
abundance—occupancy relationships for species at risk at both broad taxonomic and
spatial scales. Can. J. Zool. 93, 515-519.

Roughgarden, J. (1974). Niche width: biogeographic patterns among Anolis lizard
populations. Am. Nat. 108, 429-442.

Roughgarden, J. (1979). Theory of population genetics and evolutionary ecology: an
introduction (New York, NY: Macmillan).

Scharnweber, K., Strandberg, U., Marklund, M.H.K., and Eklov, P. (2016). Combining
resource use assessment techniques reveals trade-offs in trophic specialization of
polymorphic perch. Ecosphere 7, e01387.

Schoener, T.W. (1974). Resource partitioning in ecological communities. Science 185,
27-39.

Seifert, AW., Kiama, S.G., Seifert, M.G., Goheen, J.R., Palmer, T.M., and Maden, M.
(2012). Skin shedding and tissue regeneration in African spiny mice (Acomys). Nature
489, 561-565.

Smithers, R.H.N. (1971). The Mammals of Botswana. Ph.D. Dissertation. University of
Pretoria.

Sponheimer, M., Lee-Thorp, J.A., DeRuiter, D.J., Smith, J.M., Van Der Merwe, N.J.,
Reed, K., Grant, C.C., Ayliffe, L.K., Robinson, T.F., Heidelberger, C., et al. (2003). Diets
of southern African Bovidae: stable isotope evidence. J. Mammal. 84, 471-479.

St. Juliana, J.R., and Mitchell, W.A. (2016). Optimal foraging behavior and the thermal
neutral zone of Peromyscus leucopus during winter: A test using natural and controlled
ambient temperatures. J. Therm. Biol. 56, 109-112.

Stamps, J. (2009). Habitat Selection. In The Princeton Guide to Ecology, (Princeton
University Press).

Steen, H., Mysterud, A., and Austrheim, G. (2005). Sheep grazing and rodent
populations: evidence of negative interactions from a landscape scale experiment.
Oecologia 143, 357-364.

Swain, D.P., and Morin, R. (1996). Relationships between geographic distribution and
abundance of American plaice (Hippoglossoides platessoides) in the southern Gulf of St.
Lawrence. Can. J. Fish. Aquat. Sci. 53, 106-119.

Tieszen, L.L., Boutton, T.W., Tesdahl, K.G., and Slade, N.A. (1983). Fractionation and
turnover of stable carbon isotopes in animal tissues: Implications for & *3C analysis of
diet. Oecologia 57, 32-37.

30



Tonkin, J.D., Arimoro, F.O., and Haase, P. (2016). Exploring stream communities in a
tropical biodiversity hotspot: biodiversity, regional occupancy, niche characteristics and
environmental correlates. Biodivers. Conserv. 25, 975-993.

Topping, C.J., Craig, P.S., de Jong, F., Klein, M., Laskowski, R., Manachini, B., Pieper,
S., Smith, R., Sousa, J.P., Streissl, F., et al. (2015). Towards a landscape scale
management of pesticides: ERA using changes in modelled occupancy and abundance to
assess long-term population impacts of pesticides. Sci. Total Environ. 537, 159-169.

Van Valen, L. (1965). Morphological variation and width of ecological niche. Am. Nat.
99, 377-390.

Vanderklift, M.A., and Ponsard, S. (2003). Sources of variation in consumer-diet 5*°N
enrichment: a meta-analysis. Oecologia 136, 169-182.

Verberk, W.C.E.P., van der Velde, G., and Esselink, H. (2010). Explaining abundance-
occupancy relationships in specialists and generalists: a case study on aquatic
macroinvertebrates in standing waters. J. Anim. Ecol. 79, 589-601.

Webb, N.F., and Merrill, E.H. (2012). Simulating carnivore movements: An occupancy-
abundance relationship for surveying wolves. Wildl. Soc. Bull. 36, 240-247.

Webb, T.J., Freckleton, R.P., and Gaston, K.J. (2012). Characterizing abundance—
occupancy relationships: There is no artefact. Glob. Ecol. Biogeogr. 21, 952-957.

White, G.C., and Burnham, K.P. (1999). Program MARK: survival estimation from
populations of marked animals. Bird Study 46, S120-S139.

Williams, S.E., Williams, Y.M., VanDerWal, J., Isaac, J.L., Shoo, L.P., and Johnson,
C.N. (2009). Ecological specialization and population size in a biodiversity hotspot: How
rare species avoid extinction. Proc. Natl. Acad. Sci. 106, 19737-19741.

Young, H.S., McCauley, D.J., Dirzo, R., Goheen, J.R., Agwanda, B., Brook, C., Otarola-
Castillo, E., Ferguson, A.W., Kinyua, S.N., McDonough, M.M., et al. (2015). Context-
dependent effects of large-wildlife declines on small-mammal communities in central
Kenya. Ecol. Appl. 25, 348-360.

Zuckerberg, B., Porter, W.F., and Corwin, K. (2009). The consistency and stability of

abundance-occupancy relationships in large-scale population dynamics. J. Anim. Ecol.
78, 172-181.

31



LIST OF APPENDICES
Appendix A: Supplementary Figure 1. Percent of biomass comprised of each genus of C,4
plant, averaged across understory surveys 2009 — 2013 by plot. Mesic south (A-F),

intermediate central (G-L) and arid north (M-R).

Appendix B: Supplementary Figure 2. Percent of biomass comprised of each genus of C
plant, averaged across understory surveys 2009 — 2013 by plot. Mesic south (A-F),

intermediate central (G-L) and arid north (M-R).

Appendix C: Supplementary Figure 3. SEA for each small mammal species. Ellipses

encircle 40% of the data points for each species.

Appendix D: Supplementary Table 1. Carbon and nitrogen isotope data and sample size
for the most prevalent plant species across south (mesic), central (intermediate) and north
(arid) plots.

Appendix E: Supplementary Table 2. Summary of carbon and nitrogen stable isotope
data and sample size for main arthropod orders across south (mesic), central

(intermediate) and north (arid) plots.

32



Appendix A: Supplementary Figure 1. Percent of biomass comprised of each genus of C4
plant, averaged across understory surveys 2009 — 2013 by plot. Mesic south (A-F),

intermediate central (G-L) and arid north (M-R).
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Appendix B: Supplementary Figure 2. Percent of biomass comprised of each genus of Cs
plant, averaged across understory surveys 2009 — 2013 by plot. Mesic south (A-F),

intermediate central (G-L) and arid north (M-R).
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Appendix C: Supplementary Figure 3. SEA for each small mammal species. Ellipses

encircle 40% of the data points for each species.
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Appendix D: Supplementary Table 1. Carbon and nitrogen isotope data and sample size for the most prevalent plant species across

south (mesic), central (intermediate) and north (arid) plots.

South Central North
Mean8*C  Mean8®N n Means®C Means®N n Meand®C  Means™N n
Acacia brevispica 27211 8.6+1.3 5| -26.8+£05 7.1+14 5| -29.7+£05 7124 5
Acacia ethaica -26.0+£0.8 731438 5| -269+0.38 9.0+£20 5| -268+1.2 6.2+ 0.7 5
Acacia mellifera -26.6+1.2 6.0£0.8 5| -247+0.38 6.2+20 5| -268+14 56+21 5
Aristida congesta -143+0.7 51+£1.0 6| -141+£04 3.3+£0.07 5 NA NA NA
Avristida kenyensis -13.7+£0.5 3.7+£0.6 5| -142+09 36+£19 5| -140+0.6 54+41 5
Brachiaria leersoides -126+£0.5 119+18 5| -147x04 5815 5| -141+03 74+1.3 5
Commelina africana -26.6 £0.3 7.7+£0.8 5| -26.1+0.7 87+x10 5| -280+0.6 7.7+16 5
Cyathula orthocantha -27.9+0.7 6.8+0.5 6| -249+£03 58%0.3 5| -279+07 71+13 5
Cymbopogon commutatus -126+£0.5 24+0.8 5| -135x0.2 3.7+£07 6 NA NA NA
Cynodon dactylon -129+0.3 28104 5] -13.6+£0.6 4805 5| -129+0.3 4809 5
Cynodon plectostachyus -14.3+0.7 72114 5] -143+£1.0 59+1.0 5| -13.9+0.6 4007 5
Enteropogon macrostachyus | -16.4+ 0.6 2.8+0.8 5| -165+£05 3.6+1.7 5| -152+07 40+£0.6 5
Eragrostis tenuifolia -15.1+0.3 49+17 5] -151+£04 4709 6| -154+04 4507 6
Gutenbergia cordifolia -296+1.0 44+15 5] -252+13 5016 5] -26.7+£0.8 6.4+1.6 5
Indigofera brevicalyx -27.6+0.6 09+0.3 5| -274+10 38+138 5| -274+£04 58+0.38 5
Microchloa kunthii -135+0.2 4707 3| -13.6£04 40£05 5| -13.4+£0.2 4711 5
Pennisetum mezianum -13.0+£0.5 6.7+1.8 6| -13.9+04 49+04 5| -12.7+£0.6 6.4+£23 7
Pennisetum stramineum -135+04 7.0+£04 5| -13.6+£0.6 3.7+£13 5| -126+0.3 4807 5
Plectranthus montanus -17.3+0.3 53+22 5] -186+0.9 6.5+25 5] -236+£25 5015 5
Pollichia campestris -23.6+5.3 7.2+26 5| -284+0.3 51+0.3 5| -282+0.6 6.6+0.8 5
Solanum incanum -26.2+1.2 77141 7| -256+0.7 7.1+£09 5| -286+1.0 7515 8
Themeda triandra -129+0.8 40+1.1 5| -13.0+£05 30+11 8| -125+04 35038 5
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Appendix E: Supplementary Table 2. Summary of carbon and nitrogen stable isotope data and

sample size for main arthropod orders across south (mesic), central (intermediate) and north

(arid) plots.

Level Order Mean 8°C  Mean §"N n
Araneae -195+3.1 8.7+22 5
Coleoptera -22.9+3.2 7711 5
Diptera -238+15 6.3+x25 5
South Hemiptera -186+ 7.5 7427 5
Hymenoptera -22.0+2.38 9.6+5.3 5
Lepidoptera -20.3+8.3 6.6 24 5
Orthoptera -22.7+5.2 7127 5

All South -21.4+5.0 76+29 35
Araneae -179+2.1 112+13 3
Coleoptera -245+ 3.2 6.3+3.7 5
Diptera 244 +1.2 100+ 24 5
Central Hemiptera -21.3+5.3 8.9+27 5
Hymenoptera -204+0.8 79+25 5
Lepidoptera 244 +£15 104+ 1.0 5
Orthoptera -15.1+3.8 84x15 7

All Central -21.0+4.6 8.8+26 35
Araneae -18.7+2.3 10.8+2.0 5
Coleoptera -17.8+2.9 101+19 4
Diptera -19.0+ 2.8 10.1+£1.7 5
North Hemiptera -25.1+1.3 59+14 5
Hymenoptera -20.1+35 93+19 5
Lepidoptera -18.4+5.9 54+16 5
Orthoptera -22.1+4.38 6.3+£22 6

All North -20.3+4.2 8.2+27 35

All Levels  All Orders -209+4.6 8.2+28 105
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