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In the Neoarctic Biogeographic Region, Pre-Columbian terrestrial mammalian ecosystems were
re-constructed to approximately 1400 AD" and terrestrial mammalian predator/prey species lists
were developed for each macro-community in each biome. Faunal assemblages for the Palearctic
Biogeographic Region were re-constructed to approximately 1000 AD and macro-communities
associated with the various biomes ranged from Western Europe to eastern Siberia. From these data,
it was concluded that: (1) terrestrial mammalian “species richness” increases from north to south
in the northern hemisphere, (2) terrestrial mammalian “species composition” changes in all macro-
communities in all biomes and (3) the mean terrestrial mammalian predator/prey ratio remains
constant approximating 0.75 in all macro-communities in all the biomes of the Neoarctic and
Palearctic Biogeographic Regions and appears to be universal macro-ecological pattern throughout
the entire Northern Hemisphere, (4) the evolution of optimal foraging strategies associated with a
0.75 predator/prey ratio represents the mean upper limit of specialization that terrestrial mammalian
predators can attain in the northern hemisphere, where prey populations cycle and primary prey
availability varies widely. Changes in macro-ecological patterns in the terrestrial mammalian
predator/prey systems from the 0.75 ratio in the Northern Hemisphere have implications for
conservation biology and wildlife management related to sustaining ecological equilibrium.
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INTRODUCTION

Communities are natural occurring assemblages
of plants and animals living in the same environment
and interacting in many ways. These interactions can
be direct or indirect and community structure evolves
from all the various interactions among species and
populations and creates emergent properties of the
community (Begon et al., 1996).

For many years, community ecologist and wildlife
managers have tried to understand the way resources
are allocated throughout communities. This approach
was accomplished by studying assemblages of
species that used particular resources or clusters
of resources in a functional and similar manner.
As members of guilds interact strongly with
each other and often weakly with the rest of the
community (Giller, 1984), comparative research
has been done to understand the differences in
interactions of such parameters as competition
and predation.

Another approach was to try to understand how
species richness at one trophic level resulted in
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constraints on species richness in adjacent trophic
levels by analyzing the interactions of predators and
their prey. This can be studied using the predator/prey
ratio, which is a measure of the number of predators
to the number of prey. Cohen (1977) identified a
repeating pattern, which seemed to confer a degree
of organization on communities. Working with
food webs, he found a remarkable constancy in the
number of prey to the number of predators. Similarly,
Evans, Murdoch (1968) analyzing grassland insect
communities found a constant ratio between the
numbers of entomophagous and herbivorous
insects. Briand and Cohen (1984) analyzed 62
food webs and showed that the number of prey was
roughly proportional to the number of predators and
suggested that this constancy in the predator/prey
ratio reflected an underlying trophic community
pattern. In contrast, Cole (1980), Mithen and
Lawton (1986), and Wilson (1995) rejected these
conclusions and suggested that these ratios were
arithmetic artifacts.

“Macro-ecology” has developed in the last
decade in an attempt to unify traditional disciplines
with the purpose of identifying statistical regularities
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and patterns in the distribution of ecologically relevant
variables found among approximately equivalent
biological entities. Brown and Maurer (1989) first used
the term macro-ecology to describe large scale entities
and since then numerous macro-ecological patterns
have been reported (Brown, Maurer, 1989; Damuth,
1998; Brown, 1999; Kindlmann et al., 1999; Schmid
et al., 2000; Brown et al., 2001; Smallwood, 2001;
Darveauetal., 2002; Carbone, Gittleman, 2002). Brown
and Mauer (1989) hypothesized that these patterns
reflected the operation of natural laws that governed
the organization of the ecological world. However,
our understanding of macro-scale interactions and
community structures and behaviour remains limited.
Unlike much traditional ecology, which focused on the
attributes of one or a few species, the goal of macro-
ecology is to understand assemblages involving many
species at the macro-scale.

The objectives of this investigation were to analyze
the relationship between terrestrial mammalian
predators and their terrestrial mammalian prey in
macro-communities that had evolved in different
biomes throughout the Neoarctic and the Palearctic
biogeographic regions. It was hypothesized that
mammalian predator/prey ratios would remain the
same in all macro-communities although species
composition and richness vary. By examining
this relationship in different macro-communities
and biomes, a search for regularities and common
principles of organization for macro-ecological
systems was possible.

Assumptions made were that: (1) terrestrial
mammalian predators and their terrestrial mammalian
prey had co-evolved since the Eocene (Vaughan,
1972; Pielou, 1991; Van Valkenburgh, Janis, 1993), (2)
the Post-Pleistocene ecosystem had reached dynamic
ecological equilibrium by the end of the Pre-Columbian
period (approx. 1400 AD) and terrestrial mammalian
predator/prey systems were intact (McArthur, Wilson,
1967; Vaughan, 1972; Pianka, 1978), (3) humans (Homo
sapiens) were part of the ecosystem (Kay, 1998; Pielou,
1991), (5) the Post-Columbian settlement of North
America resulted in ecological dis-equilibrium with the
associated extirpations, extinctions, habitat loss and the
introduction of exotic species, (6) species of the Orders
Insectivora and Chiroptera were an incidental part
of the terrestrial mammalian prey system, (7) plants,
invertebrates and other vertebrate taxa were incidental
in the terrestrial mammalian predator/prey system and
(8) other terrestrial mammalian predators were seldom
consumed by terrestrial mammalian predators.

METHODS

Data Collection

Biogeographical studies have shown that all con-
tinents contain a series of biomes, where specific as-
semblages of life forms (plants and animals) vary as
the result of climatic conditions and historical events
(Odum, 1971; Pianka, 1978; Pielou, 1991). Shelford

(1963) considered biomes to be distinct and real enti-
ties in nature defined by characteristic plant and ani-
mal species that formed unique communities within
the biome, rather than artificial and arbitrary human
constructs. Evidence indicates that each biome con-
tains communities with terrestrial mammalian preda-
tors and terrestrial mammalian prey that have coex-
isted for thousands of years and which have evolved
complex and intricate interrelationships (Odum, 1971;
Pianka, 1978; Mallory, 1987; Pielou, 1991; Van Valk-
enburgh, Janis, 1993). In the Neoarctic Biogeographic
Region, 14 macro-communities in 11 different biomes
were selected for analysis and species lists were de-
veloped, excluding species from neighbouring biome
extensions. Macro-communities were defined areas in
the center of biomes without any influence from eco-
tonal areas that are transitional areas between biomes
and house species from both biomes. For compari-
son, 17 macro-communities in nine different biomes
ranging from Western Europe to eastern Siberia were
also analyzed in the Palearctic Biogeographic Region
(Table 3). In both regions, Insectivora, Chiroptera and
other predators were excluded from the prey lists, as
they have been shown to be minimally present in ter-
restrial mammalian diets.

In the Neoarctic Biogeographic Region, Pre-Co-
lumbian terrestrial mammalian ecosystems were
re-constructed to approximately 1400 AD from the
ecological literature. Terrestrial mammalian preda-
tor/prey species lists were developed for each mac-
ro-community in each biome, taking into consid-
eration distribution patterns and species ecology.
North American terrestrial mammalian species lists
included the countries of Canada, United States and
Mexico. Data from Burt and Grossenheider (1976),
Hall (1981), Chapman and Feldhamer (1982) were
used to identify the mammals of the United States
and Canada, while Mexican species identification
and distributions were obtained from Aranda et al.
(1980), Hall (1981), Ramirez-Pulido et al. (1982),
Ceballos, Galindo (1984), Aranda (2000), Rios
and Alvarez-Castaneda (2002). For more southern
macro-communities in Mexico, Coates-Estrada and
Estrada (1986), Aranda and March (1987) and Em-
mons (1990) were used. Terrestrial mammalian spe-
cies were separated into predators and prey based on
food habits and in some instances, sibling prey spe-
cies were considered as one species due to taxonom-
ic inconsistencies, especially in the southern part of
the continent (Robbins, 1983; Giller 1984).

Faunal assemblages for the Palearctic Biogeo-
graphic Region were reconstructed to approximate-
ly 1000 AD and macro-communities associated with
the various biomes ranged from Western Europe to
eastern Siberia from the literature on historical rang-
es (Flint et al., 1970; Mitchell-Jones et al., 1999).

Statistical Analysis

Predator/prey ratios were calculated at the
macro-community scale. SPSS 9.0 for Windows
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was used for correlation analysis, using the data
from all Neoarctic and Palearctic locations, with
the number of prey on the x-axis and the number of
predators on the y-axis. The equations for the lines-
of-best fit were calculated for predator/prey ratios in
each biogeographic region and the intercept and the
slopes with their associated r values and significance
values were attained.

Using the Neoarctic data only, a goodness-of-fit
test was done using all predators and prey from the
different macro-communities to evaluate whether
statistically significant differences existed among
the predator/prey ratios (Sokal, Rohlf, 1995). Chi-
square analyses were used to compare predator/prey
ratios to random (Zar, 1999).

RESULTS

Species Richness and Species Composition in
Neoarctic Macro-communities

Detailed information on species richness and
composition in each macro-community from the dif-
ferent Neoarctic biomes show that terrestrial mam-
malian predator and prey species richness and com-
position changed with macro-community and that
species richness generally increased from north to
south (Tables 1-2).

Generally, both terrestrial mammalian predators
and terrestrial mammalian prey species increased
in species richness from the High Arctic of Can-
ada to the Tropical Humid Forest of Mexico and
species composition was different in each macro-
community studied. The exception was the Des-
ert Biomes of the southwest, which had lower spe-
cies richness than the more northerly Great Basin
and Prairie Biomes. When terrestrial mammalian
predator/prey ratios were calculated for each mac-
ro-community in the Neoarctic Biogeographic Re-
gion, all predator/prey ratios approximated 0.75,
although species richness and species composition
differed in all locations (Table 2).

A preliminary analysis of terrestrial mammali-
an predator/prey systems in the Palearctic Biogeo-
graphic Region associated with various biomes from
western Europe to eastern Siberia, produced simi-
lar results and although species richness composi-
tion differed at each location, terrestrial mammalian
predator/prey ratios approximated 0.75 (Table 3).

The correlation coefficient for the Neoarctic data
showed that the number of terrestrial mammalian
predators and prey have a significant and constant
relationship in all macro-communities in all biomes
(r=0.992; P<0.0001). The slope of the line-of-best
fit (b = 0.748) describing the relationship between
the number of mammalian predators and the number
of mammalian prey represents the mean predator/
prey ratio for all locations (Fig. 1) and is a ¥4 power
relationship. The goodness-of-fit tests showed that
there were no statistically significant differences
among the ratios for the different biomes (P <0.001).
The Chi-square test (X? = 8.18; P < 0.05) indicated

that the observed ratios were significantly different
from random.

The correlation coefficient for Palaearctic Bio-
geographic Region faunal assemblages also showed
that the number of terrestrial mammalian predators
and prey had a constant and significant relationship
(r = 0.985; P<0.0001). In addition, the slope of the
line-of-best fit (b = 0.743) representing the mean
predator/prey ratio for all macro-communities in all
biomes, also approximated the % power relationship
found in the Neoarctic data (Fig. 2).

DISCUSSION

Through evolutionary time, communities should
evolve to optimize the use of all available resources
and be as rich and complex as possible, within the
constraints established by limiting factors often set
by climate, evolution and historical events. The
emergent characteristics of communities represent
the outcome of complex ecological interrelationships
and evolutionary change in the populations and
assemblages that compose the community (Pianka,
1978; Giller, 1984). In this study, the increase
in species richness of both terrestrial mammalian
predators and terrestrial mammalian prey in macro-
communities from the High Arctic to the Tropical
Humid Forest reconfirmed conclusions reached
by previous researchers, that latitudinal diversity
gradients exist in many taxa (Wallace, 1878; Simpson,
1969; Brown, Gibson, 1983). Brown (1995) noted that
nearly universal latitudinal macro-ecological patterns
of species diversity (richness) have been found in
mammals, birds, reptiles, fish, grasshoppers, vascular
plants and marine invertebrates. However, the fact that
the more southerly macro-communities in the Desert
Biomes of the Neoarctic Biogeographic Region had
lower species richness, than the more northerly Great
Basin and Prairie Biomes supports the conclusion that
other factors are involved besides latitude.

Pimm (1991) noted that energy inputs to commu-
nities increased as one moved towards the tropics.
The species-energy hypothesis proposes that biodi-
versity (species richness) is correlated with primary
production and that more productive environments
supported greater numbers of species (Wright, 1983;
Currie, 1991). The results from this study on terres-
trial mammalian predators and terrestrial mammali-
an prey support this hypothesis, although other fac-
tors such as water appear to be involved and the pro-
cess is likely more complex.

The results of this study also showed that species
composition was different in all macro-communities
from the High Arctic to the Tropical Humid Forest
and that these changes can be attributed to chang-
es in climate, primary productivity and evolution-
ary history. Animals and plants in each community
have specific morphological and physiological traits
through which they have adapted to regional phys-
ical and social environments (Begon et al., 1996;
Smith, Smith, 2001).
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Table 1. Terrestrial mammalian predator and prey species in the Neoarctic
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Prey

| Predators

High Arctic

Biome

Rangifer tarandus

Canis lupus

Ovibos moschatus

Vulpes lagopus

Dicrostonyx groenlandicus

Mustela erminea

Lepus arcticus

Low Arctic

Biome

Rangifer tarandus

Canis lupus

Ovibos moschatus

Vulpes lagopus

Urocitellus parryii

Gulo gulo

Clethrionomys rutilus

Mustela erminea

Dicrostonyx groenlandicus

Ursus arctos

Lemmus trimucronatus

Homo sapiens

Microtus pennsylvanicus

Lepus arcticus

Boreal Fores

Biome

Alces alces

Canis lupus

Rangifer tarandus

Vulpes vulpes

Glaucomys sabrinus

Lynx canadensis

Futamias minimus *

Gulo gulo

Marmota monax

Lontra canadensis

Tamias striatus*

Martes americana

Tamiasciurus hudsonius

Martes pennanti

Castor canadensis

Mustela erminea

Peromyscus maniculatus

Mustela nivalis

Erethizon dorsatum

Neogale vison

Clethrionomys gapperi

Mephitis mephitis

Microtus chrotorrhinus*

Procyon lotor

Microtus pennsylvanicus

Ursus americanus

Microtus xanthognathus *

Homo sapiens

Ondatra zibethica

Phenacomys intermedius

Synaptomys borealis

Napaeozapus insignis

Zapus hudsonius

Lepus americanus

Eastern Deciduous

Forest Biome

Cervus elaphus

Canis lupus

Odocoileus virginianus

Canis lycaon

Glaucomys volans

UI’OCVOH cinereoargenteus

Marmota monax

Lynx rufus

Sciurus carolinensis

Puma concolor

Sciurus niger

Lontra canadensis

Tamias striatus

Mustela frenata

Castor canadensis

Neogale vison

Neotoma floridana

Mephitis mephitis

Peromyscus leucopus

Spilogale putorius

Peromyscus maniculatus

Procyon lotor

Microtus pennsylvanicus

Ursus americanus

Ondatra_zibethica

Homo sapiens

Pitymys pinetorum

Synaptomys cooperi

Zapus hudsonius

Sylvilagus floridanus*

Sylvilagus transitionalis *

Coastal Plain Biome

Odocoileus virginianus

Canis lycaon

Glaucomys volans

Urocyon cinereoargentus

Sciurus carolinensis

Lynx rufus

Sciurus niger

Puma concolor

Castor canadensis

Lontra canadensis

Neotoma floridana

Mustela frenata

Oryzomys palustris

Neogale vison

Peromyscus gossypinus

Mephitis mephitis

Peromyscus nuttalli

Spilogale putorius

Peromvscus polionotus

Procyon lotor
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Continuation of table 1

Prey

Predators

Sigmodon hispidus

Ursus americanus

Neofiber alleni

Homo sapiens

Reithrodontomys humulis

Geomys pinetis

Sylvilagus aquatics*

Sylvilagus floridanus

Sylvilagus palustris*

Great Basin Biome (Utah)

Antilocapra americana

Canis latrans

Odocoileus hemionus

Canis lupus

Ammospermophilus leucurus

Vulpes macrotis

FEutamias minimus

Lynx rufus

Spermophilus townsendi

Puma concolor

Microdipodops megacephalus

Lontra canadensis

Neotoma lepida

Mustela erminea

Perognathus longimembris

Mustela frenata

Perognathus parvus

Neogale vison

Peromyscus maniculatus

Taxidea taxus

Lagurus curtatus

Memphitis memphitis

Ondatra zibethica

Spilogale putorius

Onychomys leucogaster

Procyon lotor

Reithrodontomys megalotis

Ursus arctos

Thomomys bottae*

Homo sapiens

Thomomys talpoides*

Dipodomys microps

Dipodomys ordi

Zapus princeps

Lepus californicus

Sylvilagus idahoensis

Great Basin Biome (Oregon)

Antilocapra americana

Canis latrans

Odocoileus hemionus

Canis lupus

Ammospermophilus leucurus

Vulpes macrotis

FEutamias minimus

Lynx rufus

Spermophilus richardsoni*

Puma concolor

Spermophilus townsendi*

Lontra canadensis

Castor canadensis

Mustela erminea

Microdipops megacephalus

Mustela frenata

Perognathus longimembris

Neogale vison

Perognathus parvus

Taxidea taxus

Peromyscus maniculatus

Mephitis mephitis

Lagurus curtatus

Spilogale putorius

Ondatra zibethica

Procyon lotor

Onychomys leucogaster

Ursus arctos

Reithrodontomys megalotis

Homo sapiens

Thomomys townsendi

Dipodomys microps

Dipodomys ordi

Lepus californicus

Lepus princeps

Sylvilagus idahoensis

Central Prairie Biome (Kansas)

Antilicapra americana

Canis latrans

Bison bison

Canis lupus

Cynomys ludovicinus

Vulpes velox

Sciurus carolinensis

Urocyon cinereoargenteus

Sciurus niger

Lynx rufus

Spermophilus franklini

Puma concolor

Spermophilus spilosoma

Lontra canadensis

Spermophilus tridecemlineatus

Mustela frenata

Neotoma floridana

Mustela nigripes

Perognathus flavescens

Mustela nivalis

Perognathus flavus

Neogale vison

Perognathus hispidus

Taxidea taxus

Peromvscus maniculatus

Mephitis mephitis

Sigmodon hispidus

Spilogale putorius
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Continuation of table 1

Prey

Predators

Castor canadensis

Procyon lotor

Microtus ochrogaster

Ursus americanus

Ondatra zibethica

Ursus arctos

Onychomys leucogaster

Didelphis virginiana

Reithrodontomys megalotis

Homo sapiens

Reithrodontomys montanus

Synaptomys cooperi

Dipodomys ordi

Geomys bursarius

Lepus californicus

Lepus hudsonius

Sylvilagus auduboni

Central Prairie Biome (North Dakota)

Antilocapra americana

Canis latrans

Bison bison

Canis lupus

Cynomys ludovicianus

Vulpes velox

Sciurus carolinensis

Vulpes vulpes

Sciurus niger Lynx rufus
Spermophilus franklini Puma concolor
Spermophilus richardsoni Gulo gulo

Spermophilus tridecemlineatus

Lontra canadensis

Neotoma cinerea

Mustela freneta

Perognathus fasciatus

Mustela nigripes

Perognathus flavescens

Mustela nivalis

Perognathus hispidus

Neogale vison

Peromyscus maniculatus

Taxidea taxus

Castor canadensis

Mephitis mephitis

Microtus ochrogaster

Spilogale putorius

Microtus pennsilvanicus

Procyon lotor

Ondatra zibethica

Ursus americanus

Onychomys leucogaster

Ursus arctos

Reithrodontomys megalotis

Homo sapiens

Thomomys talpoides

Dipodomys ordi

Geomys bursarius

Zapus hudsonius

Lepus townsendi

Sylvilagus auduboni

Desert Biome (Chihuahua)

Odocoileus virginianus

Canis latrans

Pecari tajacu

Vulpes macrotis

Spermophilus leucurus

Lynx rufus

Spermophilus mexicanus

Panthera onca

Spermophilus variegatus

Puma concolor

Neotoma albigula

Mustela frenata

Neotoma mexicana

Taxidea taxus

Perognathus penicillatus

Conepatus mesoleucus

Peromyscus eremicus

Memphitis macroura

Sigmodon hispidus

Spilogale gracilis

Onychomys torridus

Bassariscus astutus

Reithrodontomys megalotis

Nasua narica

Dipodomys merriami

Homo sapiens

Dipodomys ordi

Lepus californicus

Sylvilagus audubonii

Sylvilagus floridanus

Desert Biome (Baja California)

Antilocapra americana

Canis latrans

Odocoileus hemionus

Vulpes macrotis

Ammospermophilus leucurus

Urocyon cinereoargenteus

Neotoma lepida

Lynx rufus

Perognathus baileyi

Puma _concolor

Perognathus fallax*

Taxidea taxus

Perognathus spinatus*

Spilogale putorius

Peromyscus eremicus

Bassariscus astutus

Peromyscus manicualtus

Procyon lotor
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Continuation of table 1

Prey

Predators

Thomomys bottae

Homo sapiens

Dipodomis agilis

Dipodomis merriami

Lepus californicus

Sylvilagus auduboni

Pine Forest Biome (Mexic

an Neovolcanic Belt)

Odocoileus virginianus

Didelphis virginiana

Pecari tajacu

Canis latrans

Glaucomys volans

Canis lupus

Sciurus aureogaster

Urocyon cinereoargenteus

Sciurus oculatus

Lynx rufus

Spermophilus variegatus

Puma _concolor

Baiomys musculus

Lontra longicaudis

Neotoma mexicana

Mustela frenata

Oryzomys alfaroi*

Taxidea taxus

Oryzomys fulvescens*

Conepatus mesoleucus

Oryzomys melanotis*

Mephitis macroura

Peromyscus aztecus**

Spilogale putorius

Peromyscus boylii**

Bassariscus astutus

Peromyscus difficilis **

Nasua narica

Peromyscus furvus**

Procyon lotor

Peromyscus leucopus**

Homo sapiens

Peromyscus maniculatus**

Peromyscus melanotis**

Peromyscus truei**

Sigmodon leucotis

Lyomys irroratus

Microtus mexicanus

Neotomodon alstoni

Reithrodontomys chrysopsis***

Reithrodontomys fulvescens***

Reithrodontomys sumichrasti***

Thomomys umbrinus

Pappogeomys merriami

Dasypus novemcinctus

Romerolagus diazi

Sylvilagus cunicularius

Sylvilagus floridanus

Tropical Dry Forest Biome (Oaxaca)

Chironectes minimus

Didelphis virginiana

Tamandua mexicana

Canis latrans

Odocoileus virginianus

Urocyon cinereoargenteus

Pecari tajacu

Herpailurus yagouaroundi

Glaucomys volans

Leopardus pardalis

Marmosa canescens

Leopardus weidii

Marmosa mexicana

Panthera onca

Sciurus aureogaster

Puma _concolor

Baiomys musculus

FEira barbara

Liomys irroratus*

Lontra longicaudis

Liomys pictus*

Mustela frenata

Neotoma mexicana

Conepatus mesoleucus

Orizomys alfaroi**

Spilogale putorius

Orizomys melanotis **

Spilogale pygmea

Oryzomys palustri**

Bassariscus astutus

Peromyscus boylii ***

Bassariscus sumichrasti

Peromyscus evides ***

Nasua narica

Peromyscus leucopus ***

Procyon lotor

Peromyscus megalops ***

Homo sapiens

Peromyscus melanophrys ***

Peromyscus mexicanus ***

Reithrodontomys fulvescens™***

Reithrodontomys mexicanus ****

Reithrodontomys sumichrasti****

Tylomys nudicaudis
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End of table 1

Prey

Predators

Coendou mexicanus

Nyctomys sumichrasti

Sigmodon alleni*****

Sigmodon mascotensis *****

Orthogeomys graudis

Dasypus novemcintus

Sylvilagus cunicularis

Sylvilagus floridanus

Ateles geoffroyi

Tropical Humid Forest Biome (Yucatan)

Marmosa mexicana

Didelphis marsupialis

Philander opossum

Didelphis virginiana

Tamandua mexicana

Canis latrans

Dasypus novemcintus

Urocyon cinereoargenteus

Mazama americana

Herpailurus yagouaroundi

Odocoileus virginianus

Leopardus pardalis

Tapirus bairdi

Leopardus weidii

Tayassu pecari

Panthera onca

Tayassu tajacu

Puma concolor

Agouti paca

FEira barbara

Sciurus deppei

Galictis vittata

Scuirus yucatanensis

Lontra longicaudis

Peromyscus yucatanicus

Mustela frenata

Heteromys spp

Conepatus semistriatus

Oryzomys spp

Bassariscus sumichrasti

Coendu mexicanus

Nasua narica

Dasyprocta punctata

Procyon lotor

Otonyctomys hatty*

Homo sapiens

Ototylomys phyllotys*

Reithrodontomys spp

Sygmodon hispidus

Orthogeomys sp

Sylvilagus floridanus

Alouatta pigra

Ateles geoffroyi

Potos flavus

* Were considered sister species.

** Were considered sister species.
*** Were considered sister species.
**** Were considered sister species.

Despite the range in species richness and com-
munity composition from north to south in both the
Neoarctic and Palearctic macro-communities, the
ratio between terrestrial mammalian predators and
terrestrial mammalian prey remained relatively con-
stant at 0.75.

Cohen (1977) who described a similar relation-
ship in food webs was criticized by Pimm (1982) be-
cause top predators were described to “species”, while
the organisms at the lowest trophic levels were often
described generally, as “plants” or “phytoplankton”.
Cole (1980), as well as Mithen and Lawton (1986),
had different concerns and suggested that the ratios
were maintained due to the random association of ar-
bitrary numbers of predator and prey species.

In this study, there were just two categories of or-
ganisms, terrestrial mammalian predators and terres-
trial mammalian prey and placement of each species
into one of the two categories was based on the anal-
ysis of diet. Diets were analyzed as percent occur-
rence and percent biomass, where data were avail-

able. Robbins (1983) noted that prey items consumed
by carnivores can vary greatly in energy content,
with larger individuals providing more energy to
predators. Because of the variability in prey charac-
teristics, analyzing diets by percent occurrence tends
to be less accurate than percent biomass (Delibes,
1980; Kruuk, 1986; Cumberland et al., 2001).

The results of the analysis in both the Neoarctic
and Palearctic Biogeographic Regions indicated that
a significant and constant relationship between the
number of terrestrial mammalian predators and ter-
restrial mammalian prey existed. The validity of this
relationship is supported by the goodness-of-fit test,
which showed no statistically significant differences
among the Neoarctic macro-communities, although
the number of predators and prey were different in
every macro-community. In addition, the Chi-square
test indicated that the observed ratios were signifi-
cantly different from random. Both of these analy-
ses support the conclusion that these results repre-
sent a natural phenomenon characteristic of terrestri-
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Table 2. Species richness, numbers of terrestrial mammalian predators and terrestrial
mammalian prey species and the predator/prey ratios for 14 macro-communities in 11 biomes

of the Neoarctic Biogeographic Region

Tabnuya 2. BupoBoe 60raTcTBO, YMCJIEHHOCTh HA3eMHBIX MJIEKOMMUTAIOIINX-XUITHUKOB H BUI0B-
JKepTB Ha3eMHbIX MJIEKONUTAIOIIMX M COOTHOLIEHHEe XHIIHMK/3kepTBa s 14 makpooOuiecTB
B 11 0uomax Heoapkruyeckoro 6uoreorpagpuueckoro peruoHa

Biome Species Number of Number of Predator/Prey

Richness Prey Predators Ratio
High Arctic 7 4 3 0.75
Low Arctic 14 8 6 0.75
Boreal Forest 31 17 14 0.82
Deciduous Forest 30 17 13 0.76
Coastal Plain 28 16 12 0.75
Great Basin 35 20 15 0.75
Great Basin 35 20 15 0.75
Central Prairie 45 26 19 0.73
Central Prairie 44 25 19 0.76
Desert 30 17 13 0.76
Desert 23 13 10 0.76
Pine Forest 37 21 16 0.76
Tropical Dry Forest 42 23 19 0.82
Tropical Humid Forest 46 25 18 0.72

Table 3. Species richness, numbers of terrestrial mammalian predator and mammalian prey species and the
predator/prey ratio for 17 macro-communities associated within nine biomes in the Palearctic Biogeographic

Region

Tabnuya 3. BugoBoe 0OrarcTBo, YHMCJIEHHOCTh BHI0B HA3eMHBIX MJIEKONMHUTAIOMINX-XHITHUKOB H MJIEKO-
NUTAUIUX-’KEPTB U COOTHOLIEHUE XUIHUK/5kepTBa AJ1s1 17 Makpocoo01ecTB, CBA3aHHBIX B Mpeeiax IeBsTH
onomos IManeoapkTHyeckoro 6moreorpagu4ecKoro peruoHa

Biome Species Number of Number of Predator/Prey

Richness Prey Predators Ratio
Montane Tundra (Finland) 14 8 6 0.75
Arctic Tundra (Taimyr Peninsula) 13 7 5 0.71
Boreal Forest (Finland) 21 12 9 0.75
Boreal Forest (Arkhangelsk) 30 17 13 0.76
Boreal Forest (Ob River) 25 14 11 0.79
Montane Boreal Forest (Pamirs) 30 16 14 0.88
Deciduous Forest (South Norway) 20 11 9 0.82
Deciduous Forest (Central Germany) 27 15 12 0.80
Mixed Deciduous Forest (Primorye) 43 24 19 0.79
Grassland (Hungarian Plain) 29 17 12 0.71
Crimean Steppe 36 21 15 0.71
Poor Steppe (Mary) 42 24 18 0.75
Poor Steppe (Caspian Depression) 38 22 16 0.73
Poor Steppe (Turkistan) 37 23 14 0.61
Mediterranean (Spain) 23 13 10 0.77
Mediterranean (Italy) 18 10 8 0.80
Mediterranean (Greece) 21 12 9 0.75

al mammalian predator/prey systems in the northern
continents, rather than a mathematical artifact. The
preliminary analyses of macro-communities in the
Palaeoarctic Biogeographic Region further support
the conclusion that terrestrial mammalian predator/
prey systems in the northern hemisphere, share un-
derlying macro-ecological patterns.

The 0.75 ratio of terrestrial mammalian preda-
tors to terrestrial mammalian prey represents a mac-
ro-ecological pattern that may reflect how energy is
partitioned between trophic levels and among spe-
cies. The constant ratio may have several explana-
tions. Since terrestrial mammalian predators rep-
resent an assemblage of species that primarily use
terrestrial mammalian prey in a functionally similar

manner, competition among predators, niche diver-
gence, prey specialization and constraints such as
metabolic rate at the level of the individual may all
be implicated.

For many years, community ecologists have used
the predator/prey ratio to explain how energy flow
in one trophic level places constraints on adjacent
trophic levels. The constancy of the terrestrial mam-
malian predator/prey ratios in northern continents
may reflect such a constraint. Through evolution-
ary time, communities should evolve to optimize the
use of available resources and terrestrial mammali-
an predators represent assemblages of species that
utilize terrestrial mammalian prey in a functionally
similar manner, potentially generating strong com-
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petitive interaction with one an-
other (Giller, 1984). Within any
area, terrestrial mammalian prey
are utilized differentially by ter-
restrial mammalian predators and
competition will occur when the
interaction of two or more spe-
cies affect each other negative-
ly (Pianka, 1978). Because this
type of interaction has an ad-
verse effect on all predators using
the resource, prey specialization
is likely to evolve in relation to
prey occurrence and biomass and
0.75 may represent the optimal
degree of specialization that has
evolved. The data indicated clear-
ly that in no macro-community
had terrestrial mammalian pred-
ator/prey ratios approached 1.00,
which would have indicated that
each predator had specialized in
a single prey species. The mean
terrestrial mammalian predator/
prey ratio may indicate that ter-
restrial mammalian predators that
specialize above 0.75 over time
tend to starve and become extinct
when their prey populations crash
to low densities, while terrestrial
mammalian predators that spe-
cialize below 0.75 cannot com-
pete with more specialized preda-
tors and succumb to competitive
exclusion.

According to Smith (1996),
the predator must find an equilib-
rium among many factors to at-
tain an optimal diet, which will
support growth, maintenance
and reproduction. This should
include: (1) a preference for the
most profitable prey, (2) feeding
selectively to obtain the greatest
net energy gain, (3) the inclusion
of less profitable prey when the
most profitable prey are scarce
and (4) the avoidance of unprofit-
able prey when profitable prey are
abundant. At the interspecific lev-
el, the coexistence of two or more
predators depends on the range of
resources used by each one and
the amount of overlap tolerated
(Hespenheide, 1975).

Brown and Nicoleto (1991)
suggested that in any given as-
semblage of species, those of the

same size tend to not co-exist and they replace each
other from habitat to habitat, generating the competi-
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Fig. 1. Relationship between the number of terrestrial mammalian preda-
tors and terrestrial mammalian prey in different macro-communities associated
with biomes throughout the Neoarctic Biogeographic Region.

Puc. 1. B3auMoCBs3b MKy YHCICHHOCTBIO HA3EMHBIX MIICKOITHTAFOLINX-
XHIIHUKOB U JJOOBIYeil Ha3eMHBIX MJICKOIIUTAIOIIUX B Pa3JIMYHBIX MAKPOCOO00-
IIeCTBaX, CBA3aHHBIX ¢ Omomamu 1o Bcemy Heoapkruueckomy Onoreorpadu-
YECKOMY PETHOHY.
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Fig. 2. Relationship between the numbers of terrestrial mammalian preda-
tors and terrestrial mammalian prey in different macro-communities associated
with biomes in the Palearctic Biogeographic Region.
Puc. 2. B3aMOCBSI3b MEX/ly YNCICHHOCTBIO HA3€MHBIX MJICKOITUTAIOIHX-
XHIIHUKOB U HAa3EMHBIX MIICKONUTAIOIIUX-)KEPTB B PA3IHMYHBIX MaKpOCO00-

IIeCTBaX, CBSI3aHHBIX ¢ OnoMamu B IlameoapkTudeckoM OnoreorpapuiaeckoM
peruoHe.

tive exclusion of species of similar sizes within the
same habitat. The body size distribution of preda-
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tors can be dependent also on the nature and size of
their prey (McArthur, Levins, 1967) conferring dif-
ferences in predator diets, which would allow coex-
istence in a competitive environment. The variation
in the degree of specialization and the partitioning of
resources of the different predators in every biome
may reflect how limited energy is partitioned among
predators and why the predator-prey ratio remains
constant.

Metabolic rate and food habits may also influ-
ence this ratio. Metabolism is the process by which
energy and materials are transformed within an or-
ganism and exchanged between the organism and its
environment (Gillooly et al., 2001). Brown (1999)
has hypothesized those fundamental constraints at
the level of the individual drive phenomena in nearly
all aspects of ecology. Kleiber (1932) first described
the allometric relationship between mammalian bas-
al metabolic rate (BMR) and body mass (M) with
the equation (BMR = aMb), where (a) represents a
constant and the scaling exponent (b) is % or 0.75.
However, the basal metabolic rate used in Kleiber’s
model is affected by the food habits of each mam-
malian predator. McNab (1989) has shown (1) that
mammalian predator species that feed principally on
flesh have a mean basal metabolic rate greater than
Kleibers’ curve, (2) that mammalian predator spe-
cies with mixed diets generally have intermediate
mean basal metabolic rates and (3) that mammali-
an species with mixed diets that include little flesh
generally have basal metabolic rates below Kleiber’s
curve. This variation in basal metabolic rate relat-
ed to different food habits may further explain how
terrestrial mammalian predators share and specialize
on limited resources and prey.

From this study, it was concluded: (1) that ter-
restrial mammalian species richness increases from
north to south in the northern hemisphere, although
the relationship is not totally latitude driven, (2) that
terrestrial mammalian species composition chang-
es in all macro-communities of all biomes studied,
(3) that the mean terrestrial mammalian predator/
prey ratio remained constant approximating 0.75 in
all macro-communities in all the biomes of the Neo-
arctic and Palearctic Biogeographic Regions and
appears to be universal macro-ecological pattern
throughout the entire Northern Hemisphere and (4)
that the amount of deviation from the mean terres-
trial mammalian predator/prey ratio (0.75) may be
used as a measure of the degree of environmental
degradation that has been occurred in ecosystems
due to disturbance.
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CUCTEMBbBI XUIIHUK/)KEPTBA CPEJIN HABEMHBIX MJIEKOIIUTAIOIIUX
CEBEPHOI'O TOJYHIAPHUSA: BUTOBOE PABHOOBPA3BUE U COCTAB ®AYHbI

Minnopu @. @., Ananusz H. I.

LlIxona ecmecmeenuvix Hayx, Jlaspenmutickuii ynusepcumem, Caodepu, Oumapuo, Kanaoa, P3E 2C6

B HeoapkTHueckoM Ouoreorpa)MuecKoM pErroHe Ha3eMHBIC 3KOCHCTEMbI

MIJICKOITUTAIOIINX

JIOKOITyMOOBO# 3IOXH OBLIM PEKOHCTPYHpOBaHBI MpuMepHO 10 1400 T H. 3., COCTaBJICHBI CIHCKH
BHUIOB MJICKOIIUTAOIIUX-XUIITHUKOB W JKCPTB I KaXIOITO0 KPYITHOI'O COO6HIGCTB3 B KaXIOM
Oouome. dDayHUCTHYECKUE KOMIUICKCHI JUIS MAJCOApPKTHUYECKOr0 OHMOreorpau4eckoro perroHa ObLIH
pexoHcTpyrpoBanbl pumepHo 70 1000 & H. 3. U KPYIHBIX COOOIIECTB, CBA3aHHBIX C Pa3IMYHBIMU
ouomamu ot 3anagHoi EBpornbl 1o Boctounoit Cubupu. Ha ocHOBe 3THX JaHHBIX ObLT CAENaH BBIBOJ,
yro: (1) «BumoBoe OOraTcTBO» Ha3eMHBIX MIICKOIMTAIOIIMX YBEIMYMBACTCS C ceBepa Ha Ior, (2)
«BUJIOBOW COCTaB» HA3eMHBIX MJICKOMUTAIOIIMX M3MEHSETCS BO BCEX KPYIHBIX COOOILECTBAX BO BCEX
Ouomax u (3) cpenHee COOTHOIIEHUE XUILTHUKOB M JKEPTB CPEIM HA3eMHBIX MJICKOIUTAIOIINX OCTAETCs
MIOCTOSTHHBIM, TIPHOIOKasAch K 0.75 BO BCeX KPYIMHBIX COOOIIECTBAX BO BCEX OMOMAaX HEOAPKTHIECKOTO
7 TIANCOAPKTUUCCKOTO Onoreorpa)MyecKix pPErrHoOHOB, ¥, IIO-BHUIMIMOMY, IIPEACTABISIET COOOI
YHHABEPCATLHYIO MaKPOIKOJIIOTHYECKYIO 3aKOHOMEPHOCTH BO BceM CeBEpHOM TOITyIapuH, (4) SBOIOIHS
OINITUMAJIBHBIX CTPATET Ui TOVCKA ITHIIIN, CBSI3aHHBIX C COOTHOIIICHHEM XHIITHUK/ sKepTBa (.75, pesicTaBiseT
co001i CpeTHMIA BEpXHUH MPEJIeN CTICIUAIM3aIMH, KOTOPOTO MOTYT JOCTHYh HA3eMHbIC MIICKOITHTAFOIITHE-
XUIITHUKHU B CCBepHOM TOJIyHIapru, rjie MoImyJsinuu KEPTB HUKINYHBI, & OCHOBHAs JOCTYITHOCTD KCPTB
CHJIBHO BapbHpyeT. OTKIOHEHUs 0T cooTHoteHus .75 B cUcTeMax XWIIHHUK/ KEPTBA CPeI Ha3eMHBIX
MJICKOIIUTAIOIHUX B CeBepHOM MOoJIymapuu HUMCHOT MNOCICACTBUA IS COXpaHCHUA W YIIPABJICHUA
TONYJIALSAME B JIMKOHM IPUPOJIE, CBA3AaHHBIE C TIO/IEPIKaHUEM SKOJIOTHUECKOTO PABHOBECHSL.

Knrwuesoie cnoea: cooTHOIIEHUE XUITHUKOB U KEePTB Y MUICKOIIUTAIOIIIUX, BUI0BOE GOFaTCTBO,

BH/I0BOJi COCTaB, CEBEPHOE MOJIyIIApHE.



