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THE ROLES OF ECOLOGICAL AND EVOLUTIONARY INFLUENCES 

IN PROVIDING STRUCTURE TO PARASITE 

SPECIES ASSEMBLAGES* 

J. Janovy, Jr., R. E. Clopton, and T. J. Percival 

School of Biological Sciences, University of Nebraska-Lincoln, Lincoln, Nebraska 68588-0118 

ABSTRACT: Parasite species assemblages currently are thought to range from isolationist to interactive, their 
dynamic properties being related to the number of species and types of hosts involved. The literature contains 
few experimental tests of this concept, however, and many of the host/parasite systems studied to date are not 
amenable to experimental manipulation. In this review, the presence of a parasite species, in a sample of host 
individuals, is considered to be an evolutionary phenomenon, but the parasite's population structure is considered 
to be an ecological one. Studies that allow evaluation of these 2 influences are comparative in nature and include 
data from a series of homogeneous samples of host populations. A lottery model is presented, in which hosts 
acquire their assemblages of parasites by Monte Carlo type sampling from multiple kind arrays; the major 
structuring influence is the relative probability of becoming infected by various parasite species. Claims of 
parasite species interaction need to be supported by studies showing departures from the predictions of this 
model. The species density and infraassemblage diversity index distributions are recommended as quantitative 
tools useful in such work. 

The purpose of this paper is 2-fold: first, to 

evaluate the current conceptual framework of 

parasite assemblage ecology, particularly within 

the context of parasite evolutionary history, and, 

second, to propose some simplifying modifica- 

tions of that framework. These objectives will be 

approached by summarizing a representative 

body of literature on parasite species assem- 

blages; presenting some generalizations derived 

from that literature; suggesting study designs, 

sampling strategies, and quantitative tools that 

might help investigators sort through the various 

factors operating to provide structure to a par- 
asite assemblage; and finally by reviewing a case 

study that illustrates the points made. In this 

paper, groups of parasite species occupying a sin- 

gle host individual, population, or species are 

referred to as assemblages, rather than com- 

munities, because interactions, beyond use of a 

common resource, have been unequivocally 
demonstrated in so few cases (although implied 
or inferred in many cases). 

THE CURRENT CONCEPTUAL FRAMEWORK 
AS REVEALED BY THE LITERATURE 

To describe an assemblage, one needs, as a 

minimum: (1) the number of species; (2) the rel- 

ative number of individuals of each species; (3) 
the species' niche breadths in the presence and 

absence of other species, as well as their recip- 
rocal overlaps on various linearly measurable re- 

sources, together commonly taken as a first mea- 

sure of potential interaction between assemblage 

members; (4) the species density and infraassem- 

blage diversity distributions; and, (5) the species 
names. These minimal requirements apply to 

virtually all species assemblages, parasitic or free 

living, regardless of the level, although species 

density and infraassemblage diversity distribu- 

tions obviously require data from a group of host 

individuals, in the case of parasites, or from a 

sample of grid squares, transect intervals, or oth- 

er sampling units, in the case of free-living or- 

ganisms. 

Species richness and potential interactions are 

described easily by quantitative measures such 

as diversity, niche breadth, and overlap indices 

(Pielou, 1966; Levins, 1968). Niche breadths and 

overlaps have not been used extensively in the 

analysis of parasite species assemblages, how- 

ever, possibly because of the difficulty in defining 

resources, aside from intestinal length, that can 

be measured linearly (but see Schad, 1963; Hair 

and Holmes, 1975; Price, 1980; Janovy et al., 

1991). And, given the number of papers pub- 
lished on parasite assemblages in the past decade, 
it is quite surprising how few give species density 
or infraassemblage diversity distributions. Thus, 
the conceptual framework of current literature is 

shaped in part by parasitologists' failure to use 

all of the analytical tools readily available to ecol- 
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ogists in general. A careful examination of many 

published data sets suggests a need for an ac- 

cepted minimum set of descriptors, e.g., the 

above. The descriptor values can then be con- 

sidered the structure of a given assemblage. 
The structure of parasite species assemblages 

is influenced by both evolutionary and ecological 

forces, and it is not always easy to separate the 

relative contributions of these 2 organizing fac- 

tors. Thus, a group of parasite species might oc- 

cur in a series of sympatric hosts because those 

hosts share evolutionary histories, or share bio- 

chemical/physiological properties that may or 

may not reflect a common ancestry, or simply 

occupy the same habitat as some generalist par- 
asites. The literature reflects this complex array 
of potential organizing mechanisms, as well as 

the diversity of host/parasite systems studied. 

The latter has been a rather important feature of 

recent research efforts, and particularly of the 

interpretation of field studies. For example, Esch 

et al. (1990) arranged their volume Parasite 

Communities: Patterns and Processes along tra- 

ditional taxonomic lines (parasites of molluscs, 
marine fish, freshwater fish, amphibians and rep- 

tiles, birds, and mammals). There is some jus- 
tification for such an approach; for example, the 

larval trematode species assemblages of snails 

seem to obey quite different organizational rules 

than do those of aquatic birds (see Bush and 

Holmes, 1986a, 1986b; Stock and Holmes, 

1987a, 1987b; Kuris, 1990; Fernandez and Esch, 
1991 la, 1991 b). However, analysis by host phy- 
lum or class has led also to very large-scale gen- 

eralizations, inclusiveness of which may hide 

valuable underlying processes discernible only 
on smaller scales (see Kennedy et al., 1986; Bush 

et al., 1990). 
The growing interest in parasite "community" 

ecology has spawned a lively debate over the 

nature of parasite assemblages, with particular 

emphasis on the question of whether the member 

species interact with one another. In general, en- 

dothermic hosts tend to have relatively rich par- 
asite faunas, in which at least the potential for 

interaction within a host individual evidently ex- 

ists (Holmes, 1973, 1987). For example, Stock 

and Holmes (1987a, 1987b, 1988) reported 34 

species of helminths in grebes (23 of these being 

cestodes), Bush and Holmes (1986a, 1986b) re- 

ported 52 helminth species (45 of them cestodes) 

and "slightly less than one million individuals" 

from a sample of 45 lesser scaup, and Pence and 

Windberg (1984) listed 20 intestinal helminth 

species in coyotes from southern Texas (how- 

ever, see Kennedy and Bakke [1989] on the par- 
asites of gulls). These numbers might well be 

significantly larger if ecto- and histozoic para- 
sites were included in the studies. 

On the other hand, the parasite assemblages 
of ectothermic animals, and especially inverte- 

brates, tend to be relatively depauperate. Fer- 

nandez and Esch (1991 a, 1991 b) reported 8 lar- 

val trematode species in the pulmonate snail 

Helisoma anceps; in a very large sample of fresh- 

water fishes, Leong and Holmes (1981) listed an 

average of 9.6 species of parasites (including 

leeches, parenteral larval forms, monogeneans, 
and copepods) per host species; and Aho's (1990) 

summary of amphibian parasites shows an av- 

erage of 7.6 parasite species per host species in 

salamanders, frogs, and toads. 

Those who study rich assemblages often have 

interpreted them as potentially interactive and 

structured at least in part by interference or ex- 

ploitation competition. Those whose work has 

focused on depauperate assemblages usually have 

considered them as noninteractive, being com- 

posed largely of site specialists (Price, 1984; Ken- 

nedy, 1985; Janovy and Hardin, 1988; Holmes, 

1990; Janovy et al., 1990, 1991). Attempts to 

develop a general theory of parasite assemblage 

ecology that would encompass this apparent di- 

versity have led not only to the concept of a 

gradient of community types, from isolationist 

to interactive (Holmes and Price, 1986), but also 

to a search for assemblage descriptors (e.g., var- 

ious similarity indices, core and satellite species 

models), appropriate study designs, and appli- 
cable mathematical models (Lotz and Font, 1985, 

1991; Dobson and Beveridge, 1987; Esch et al., 

1990; Janovy et al., 1990). 
The first, and perhaps most important, obser- 

vation made by investigators studying parasite 

assemblages is that of the parasite and host spe- 
cies involved. Thus the occurrence of a parasite 
in a host is the event that must be explained 

initially. Parasites recognize, biochemically and 

ontogenetically, the hosts in which they evolved. 

But parasites also respond by growth and repro- 
duction to those hosts, including, in a few cases, 
fluid-filled glass ones, that give them the chem- 

ical and physical environment that turns on the 

right genes at the right time. If host species A is 

the only one in which parasite species X can 

exist, then that 1:1 correspondence has a certain 

cleanliness to it and suggests a coevolved history. 

But when parasite species X cannot distinguish 
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among host species A, B, C, and D, then this 

behavior muddles the picture and makes it dif- 

ficult to separate proximal from ultimate expla- 
nations for cooccurrence. This situation is par- 

ticularly problematical when A, B, C, and D are 

not closely related, for example, the mammals 

on the host lists for Leishmania donovani and 

Hymenolepis diminuta, or when single host spe- 

cies, such as Sturnus vulgaris or Gambusia affin- 

is, are evidently hospitable to parasite species 
described from hosts related only at high taxo- 

nomic levels. 

Researchers have adopted concepts such as 

"preadaptation," "host switching," and "host 

capture" to describe apparent anomalies in host/ 

parasite combinations. These terms are in part 
evidence of recognition of the role of metabolic 

libertinism in the establishment and mainte- 

nance of parasitic relationships (Brooks, 1988; 
Brooks and McLennan, 1991). All large parasi- 

tological information sets contain species lists 

that suggest occupation, if not colonization in 

the evolutionary sense, of host species other than 

the one in which a parasite species, or its ances- 

tors, is presumed to have evolved (e.g., The In- 

dex-Catalog of Medical and Veterinary Zoology, 
United States Department of Agriculture and U.S. 

Government Printing Office, 1932-1982; Ya- 

maguti, 1971; Schmidt, 1986). In many cases, 
the occupied hosts do not appear to form a 

monophyletic group. The literature of parasitol- 

ogy contains no general, heuristic, testable, and 

nonteleological explanation for why some par- 
asite species are highly discriminatory and others 

are not. Such a theoretical gap exists in part be- 

cause parasitologists have not been particularly 
interested in discovering why a parasite species 
does not survive in a strange host. Thus the ex- 

perimental work needed to define biochemically 
the word "generalist" has not been done. One of 

the parasite ecologists's great challenges is to dis- 

cover just how the occupation of optional host 

species contributes to the maintenance of a par- 
asite species assemblage. One of the evolution- 

ist's great challenges is to discover the speciation 

potential of nondiscriminatory parasites in odd 

hosts. The experimental work on nonsurvival 

would likely contribute much to both of these 

tasks. 

Perhaps the second most important consid- 

eration, in the initial study of parasite assem- 

blages, is the range of life cycles involved. Par- 

asites often exhibit complex life cycles consisting 

of ontogenetic events that are genetically con- 

trolled and thus of evolutionary origin. Life cycle 
events are highly vulnerable to disruption by abi- 

otic conditions, a principle applied historically 
to management and control of infectious disease. 

The relationship between life cycle features and 

assemblage structure, however, is a basic bio- 

logical problem that has not been explored very 

extensively (e.g., cf. Cone and Burt, 1981; Cusak, 

1986). The parasites ofFundulus zebrinus, a fish 

that occupies a fluctuating environment, can serve 

as an example of the way ecological events can 

act on life cycle traits to provide structure to a 

parasite species assemblage. The parasites are 

Posthodiplostomum minimum, a trematode, and 

a gill monogene Salsuginus thalkeni. Although 
the fish plays host to several other parasite spe- 
cies (Janovy and Hardin, 1987, 1988), these 2 

can be considered an assemblage consisting of 1 

generalist and 1 specialist. 

Figure 1 shows annual prevalence of the 2 par- 
asites and Platte River streamflow, versus time, 

over a several-year period (Janovy and Hardin, 

1987, 1988; and unpublished subsequent obser- 

vations). Flow in this case is expressed as annual 

daily average cubic feet per second at the gauging 
station nearest the study site. Thus in 1983, the 

Platte flowed for a whole year at an average of 

2,317 cubic feet per second, whereas in the years 

prior, and in recent years, it has flowed, for an 

entire year, at about one-tenth that rate. Preva- 

lence of the extreme specialist S. thalkeni re- 

mained relatively high, i.e., between 50 and 90%, 

regardless of streamflow fluctuation, but that of 

the generalist P. minimum exhibited order of 

magnitude fluctuations that lagged by a year or 

2 those of the river. The mean intensity graphs 
of these parasites show the same patterns, except 
even more dramatically. In high prevalence years, 
P. minimum averaged at least 100 parasites per 

fish, whereas S. thalkeni averaged about 12, re- 

gardless of prevalence (Fig. 2). In the fish, the 2 

parasite species appear to be r and k strategists, 

respectively (Ricklefs, 1979), but in fact P. min- 

imum is doing only what virtually all trematodes 

do, namely reproducing asexually in the mollus- 

can host, whose local population in turn booms 

or busts in the Platte depending on Rocky Moun- 

tain snowpack. And in the case of S. thalkeni, 

infrapopulations can be as high as 60 worms, 

suggesting that carrying capacity is not a property 

of the fish, but of the physical environment. The 

response of both species to basically abiotic fac- 

tors produces a rearrangement of relative abun- 

dances with fluctuating streamflow, that is, a 
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FIGURE 1. Long-term variations in prevalence of Posthodiplostomum minimum and Salsuginus thalkeni in 

Fundulus zebrinus from the South Platte River at Roscoe, Nebraska, and streamflow of the river expressed as 

average annual daily cubic feet per second at the gauging station nearest the collection site. Data are from Janovy 

and Hardin (1987, 1988) and subsequent unpublished observations. 

life-history-mediated change in assemblage 

structure. 

SIMPLIFYING GENERALIZATIONS 
SUGGESTED BY THE LITERATURE 

Parasite species assemblages have 2 basic com- 

ponents: the species themselves and the various 

species' population structures. The presence of a 

parasite is proof that the chemical and physical 
environment provided by the host is adequate 

to support the parasite, at least temporarily. Both 

parasite requirements and host biochemical and 

physiological properties are manifestations of ge- 

notype, thus evolutionary history, although their 

complementarity is not necessarily a product of 

coevolution (Brooks and McLennan, 1991). The 

proximal factors that control the host/parasite 

encounter, however, are largely ecological. Thus 

it might be said that the presences, including the 

potential presences, of parasite species in a host 

species are evolutionary phenomena, whereas the 

parasites' population structures, including void 

frequency distributions, are ecological ones. And 

unless interaction between parasite species is 

clearly demonstrated, hopefully experimentally, 

at either the infra-, component, or supra-assem- 

blage levels, then such interaction remains hy- 

pothetical, and the source of assemblage struc- 

ture must be sought in local environmental 

conditions, including those within the host, that 

influence individual parasite species' popula- 

tions. 

These generalizations actually are extensions 

of the first principles, outlined above, that are 

widely applicable to symbiotic relationships. The 

literature of parasite ecology is characterized by 

its paucity of experimental tests of these prin- 

ciples and the abundance of post-hoc observa- 

tions of their apparent operation (see references 

in Esch et al., 1990). But in fairness to past in- 

vestigators, it is important to recognize just how 

difficult it is to domesticate parasites and their 

hosts, or to do meaningful field experiments on 

them. By field experiments is meant those rou- 
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FIGURE 2. Long-term variations in mean number of parasites per host, for Posthodiplostomum minimum 

and Salsuginus thalkeni in Fundulus zebrinus from the South Platte River at Roscoe, Nebraska, and streamflow 
of the river expressed as average annual daily cubic feet per second at the gauging station nearest the collection 
site. Data are from Janovy and Hardin (1987, 1988) and subsequent unpublished observations. 

tinely employed by ecologists, for example rep- 
licate enclosures or exclusion cages and replicate 
disturbances (cf. Hairston, 1986; Day et al., 1991). 
In fact, some of the richest and most interesting 

systems, such as large carnivores and aquatic birds 

and their parasites, may be impossible to exper- 
iment on in any meaningful way with respect to 

their parasite assemblage ecology. Thus although 
some evidence for interactions is seen in species- 
rich infraassemblages, it still must be shown that 

these observations are of either long-term eco- 

logical or evolutionary significance, and the sys- 
tems themselves may not really be tractable 

enough to do the needed research. It seems that 

one of our most important tasks is to search for 

host/parasite systems that can be manipulated 
in field experiments and perhaps controlled for 

long periods. 

THE DESIGN OF RELEVANT STUDIES 

Regardless of whether they are experimental 
or post hoc, studies that help reveal the relative 

contributions of evolution and ecology (1) are 

comparative, (2) involve some host species that 

are related (according to current taxonomic 

schemes), (3) include some sympatric host spe- 

cies, (4) rely on data collected as a series of rel- 

atively homogeneous samples, and (5) are con- 

ducted with the intent to discover the manner in 

which various species of parasites are distributed 

among a community of host species. 
These studies are especially valuable if pub- 

lished in a journal that allows data to be pre- 
sented in some relatively raw manner or if the 

investigator saves the original data set and allows 

colleagues to borrow it. Although the original 
numbers may not change, the methods and in- 

tents of analysis do evolve, and a highly sum- 

marized data set may hide information that would 

be of significance to later workers, including the- 

oreticians (e.g., see Holl, 1932). 
A significant fraction of published papers have 

at least some of the above characteristics, but 

very few have all, and a large number are plagued 
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by use of heterogeneous host samples (see ref- 

erences in Esch et al., 1990). Heterogeneity is a 

major problem in field studies, although logis- 
tical difficulty, rather than malintent, is obvi- 

ously the source in most cases. Gerald Kutish, 

searching for data sets to use in theoretical stud- 

ies (Janovy and Kutish, 1988), developed the 

guideline that homogeneous field samples are 

those from hosts taken at a single location within 

a time shorter than that of the parasite's life cycle. 

Although even hosts collected the same fraction 

of a second may contain overlapping parasite 

generations, the only way to avoid this problem 
is through controlled infections, and then the data 

are no longer field data. Hosts collected over a 

greater length of time than that required for com- 

pletion of the parasite's life cycle, and combined 

into a single sample, by definition constitute a 

heterogeneous sample. Much of the heteroge- 

neity in this case likely originates in the changing 
effects of abiotic conditions on transmission, as 

in the P. minimum example. 
The distributions of parasite species among 

ecologically or taxonomically related host species 
have been described in numerous ways (Esch et 

al., 1990) but not always in a manner that allows 

meaningful statistical comparison. Similarity in- 

dices such as Jaccard's do not contribute very 
much to an understanding of the relationship 
between ecological and evolutionary processes 
when single heterogeneous samples from dis- 

junct regions are compared. Species density dis- 

tributions are rarely presented and even more 

rarely compared statistically (but see Lotz and 

Font, 1985, 1991). These distributions routinely 
are fit by discrete approximations of normal dis- 

tributions; thus unlike many field data sets in 

parasitology, they can be analyzed using normal 

statistics without transformation. They easily can 

become truly powerful experimental tools, even 

for nonexperimental field work, but would be 

especially valuable in studies on systems that can 

be manipulated to alter ecologically the preva- 
lence of 1 of more parasite species. Potentially 
included in this category, of course, are systems 
of agricultural importance. 

A second quantitative tool that has been used 

rarely by parasitologists, but nevertheless has 

great potential for use in trying to sort out the 

relative contributions of evolution and ecology 

in parasite assemblage dynamics, is the frequen- 

cy distribution of infraassemblage diversity. In 

theory, in a series of homogeneous samples, the 

diversity index distribution ought to assume dif- 

ferent shapes according to the influence of var- 

ious ecological conditions on assemblage diver- 

sity, whether it be at the infra- or component 
levels. There are very few parasite ecology pa- 

pers, however, that give means and variances for 

infraassemblage diversity distributions in differ- 

ent populations of the same host species, or in 

sympatric populations of different host species, 

although the data had to have been gathered in 

a great many cases (references in Esch et al., 1990). 
This distribution thus appears to be an underuti- 

lized tool that, like the species density distribu- 

tion, could provide quite a bit of statistical power 
to properly designed field studies. 

Both the species density and infraassemblage 

diversity distributions should be able to be made 

to assume different shapes in experimentally ma- 

nipulated systems, including those involving 
hosts of agricultural importance. But before the 

infraassemblage diversity index distribution can 

be used as a tool, it is necessary to have a method 

for generating expected, or theoretical, distribu- 

tions. At present there does not appear to be a 

method for doing this, aside from Monte Carlo 

simulations (Bowman et al., 1971; Janovy et al., 

1990), but such a lack should inspire efforts to 

develop appropriate mathematical models for use 

in parasite ecology. 

A CASE STUDY 

A relatively familiar study that has most of the 

above characteristics needed to evaluate the rel- 

ative role of ecological vs. evolutionary influ- 

ences on assemblage structure is that of Goater 

et al. (1987). The intent was to examine the par- 
asite assemblages of 4 host species sympatric in 

southern Appalachian streams. This work is of 

special interest, in addition, because it was in- 

spired in part by the extensive research on host 

ecology (Hairston, 1949, 1986; Martof and Scott, 

1957; Martof, 1962). 
Ten species of helminths are shared by 4 sal- 

amander species, although in most cases prev- 
alence is low (Table I) so that opportunities for 

interaction between parasite species are limited, 
and the assemblages were considered to be iso- 

lationist. The parasite assemblages were pre- 
sented as species-density histograms, in which 

parasite species/host classes were plotted on the 

X-axis and frequencies on the Y-axis. In hosts 

of 3 species, Leurognathous marmorata, Des- 

mognathus monticola, and Desmognathus och- 

rophaeus, these distributions were described ac- 

curately by the Poisson distribution, but in the 
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TABLE I. Members of the parasite species assemblage 
of salamanders as reported by Goater et al. (1987). The 
prevalences are for infections in Desmognathus quad- 
ramaculatus, adult forms of parasites. 

Evolutionary events Ecological events 

(parasite species present) (prevalences) 

Capillaria inequalis 0.85 

Desmognathinema nantahalaensis 0.37 

Thelandros magnavulvaris 0.31 

Omeia papillocauda 0.13 

Cosmocercoides dukae 0.06 

Phyllodistomum solidum 0.06 

Cylindrotaenia americana 0.06 

Gorgoderina bilobata 0.03 

Brachycoelium elongatum 0.02 

Falcaustra plethodontis 0.01 

fourth, Desmognathus quadramaculatus, they 
were not (Figs. 3, 4). 

Although some of the species-density histo- 

grams fit Poisson distributions, technically, they 
are not Poisson distributions at all. Instead, they 
are described accurately by a model that ran- 

domly samples a multiple-kind array that in- 

cludes blank slots (Fig. 5) and in which the prob- 

ability of being infected can vary among parasite 

species. Thus the probability of parasites A and 

B but not C is not necessarily the same as the 

probability of parasites A and C but not B. This 

fact makes the probability generating function a 

computational monster for a species-rich assem- 

blage. When 16 species of parasites are involved, 

65,536 separate calculations are required to ob- 

tain the theoretical values for fitting species den- 

sity distributions. Such systems are similar to the 

lottery models used to explain, for example, the 

occupation of territories on reefs by various fish- 

es, with the exception that the host's sampling 
scheme allows for failure to acquire parasites (cf. 

Sale, 1978). 
The field data from Goater et al. (1987) clearly 

illustrate the underlying principle for assemblage 

organization that the presence of a parasite is an 

evolutionary phenomenon, whereas the popu- 
lation structure is of ecological origin. The par- 
asite species mostly are generalists, usually oc- 

curring in salamanders, but if the literature is an 

accurate reflection of nature, some are found also 

in anurans and reptiles. It is not trivial to assert 

that this assemblage would not likely occur in 

fish, mink, shrews, or wrens that live in and along 
the streams where Goater collected. That is, the 

assemblage itself is characteristic of a group of 

related hosts. The 4 species of salamanders ev- 

idently "select," generally at random, from the 
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Observed parasite species/host 

FIGURE 3. Species density distributions for the hel- 
minth assemblages of 4 sympatric species of salaman- 
ders, Leurognathous marmorata, Desmognathus mon- 
ticola, Desmognathus ochrophaeus, and Desmognathus 
quadramaculatus. Figure is redrawn from Goater et al. 

(1987). 

same smorgasboard of helminths along some 

southern Appalachian streams, but their selec- 

tion patterns differ, presumably according to their 

own ecological requirements (see Hairston, 1949, 

1986; Martof and Scott, 1957; Martof, 1962). 
In this case study, even when assemblage 

structure seems to depart from the smorgasboard 

model, a careful and comparative examination 

of the numbers suggests that departure may have 

its origins in either the investigator's sampling 

50 
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FIGURE 4. Expected species density distributions 
for the helminth assemblages of 4 sympatric species of 
salamanders, Leurognathous marmorata, Desmog- 
nathus monticola, Desmognathus ochrophaeus, and 
Desmognathus quadramaculatus. Probabilities for spe- 
cies per host classes were determined by summing 
probabilities for each possible combination of species, 
using observed prevalences as probabilities of a single- 
species infection. Frequencies were calculated by mul- 
tiplying species per host classes' probabilities times 
sample size. Field data are from Goater et al. (1987). 
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/OOAAA/OOOOB/OOOCC/...../O000OZ/ 

(RND) 

HOST 

FIGURE 5. Lottery model for a host's random "se- 
lection" of parasites from a multiple species array. Par- 
asites are represented by letters; species are A, B, C, 
etc.; each letter within a species represents an individ- 
ual parasite; zeros are blank slots that allow for a host's 
failure to become infected. Parasite species are present 
in different relative proportions, letters to zeros, cor- 
responding to their prevalences. RND means that the 
angle of the selection arrow (which in turn points to a 
parasite or blank slot selected) is drawn from a uniform 
random distribution for each selection event. 

strategy or in some local ecological event whose 

evolutionary significance must be demonstrated 

before being claimed. For example, the D. quad- 
ramaculatus data do not fit the expected fre- 

quency distribution because there are more sin- 

gle parasite species infections, and fewer 2-species 

infections, than would be expected from the rel- 

ative probabilities of infection by the various 

members of the assemblage, as estimated by their 

prevalences (Figs. 3, 4). This observation seems 

to provide evidence for competition lending 
structure to the assemblage. But the data also 

allow an alternate interpretation in which this 

discrepancy is due to a natural set of events the 

influence of which is seen in the seasonal changes 
in the frequency of 1-, 2-, and 3-species infec- 

tions. These infections involve Capillaria in- 

equalis, Thelandros magnavulvaris, and Des- 

mognathinema nantahalensis, the 3 most 

prevalent parasites. 
In April and May, infections consist predom- 

inantly of 1 or 2 of these species, in June and 

July, 2- and 3-parasite species classes are more 

frequent than in the spring, and in the fall, un- 

infected and 1- and 2-species classes are rela- 

tively large (Fig. 6). That is, the species-density 
curve shifts to the right in midsummer. The po- 
tential interaction between parasite species, sug- 

gested by the lack of fit of the species density 
distribution to the Poisson model, actually re- 

sults from heterogeneity produced by violation 

of the Kutish homogeneity rule (Janovy and Ku- 

tish, 1988) in the published paper (but not in the 

study itself). T-tests show that there is no differ- 

ence between the mean number of parasite spe- 
cies per collection site, Bearpen and Curtis creeks 
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FIGURE 6. Species-density distributions as a func- 
tion of season for the helminth assemblage of Des- 
mognathus quadramaculatus. Data broken out from 
those reported by Goater et al. (1987). 

in the Gulf of Mexico drainage system, and Abe's 

and Overflow creeks in the Atlantic drainage sys- 
tem. So the midsummer shift is a regional (south- 
eastern United States), rather than local, phe- 
nomenon. The ability of these parasites to survive 

in D. quadramaculatus is explained by their evo- 

lutionary history. The form of the assemblage 
varies temporally but not spatially within the 

region, however, and this variation in form must 

be interpreted as being of ecological origin. The 

important general question derived from this 

analysis is: when does a variation in assemblage 
structure exceed its dynamic limits and become 

another "species" of assemblage, perhaps with a 
new member or two whose lives are linked in- 

extricably to another salamander species' niche? 

Although the seasonal infraassemblage diver- 

sity index distributions for D. quadramaculatus 
were not presented by Goater et al. (1987), they 
were calculated from the original data and are 

shown in Figure 7. These frequency distributions 

tend to assume the shape of those in the insert 

(see also Bowman et al., 197 1). In the zeroth class 
fall those host species individuals with zero or 1 

species of parasite (index formula determines 

this); at the far right are those individuals with 
relative large numbers of parasite species occur- 

ring in relatively even proportions. ANOVA us- 

ing ranked H' values showed infraassemblage di- 

versity increased significantly in the summer in 

this system but did not vary between sites within 
a sampling period. Again, the assemblage struc- 

ture parameters varied temporally but not re- 

gionally, suggesting that structure was influenced 

most strongly by seasonal factors. If this is true, 
then even such biotic phenomena as interme- 
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FIGURE 7. Seasonal changes in infraassemblage diversity distributions in the parasite assemblage of Des- 

mognathus quadramaculatus. Frequencies calculated from original Goater et al. (1987) data, supplied by T. 
Goater. H' is the Shannon diversity index calculated using base e logs. The insert is the general form of 

infraassemblage diversity distributions for parasite species assemblages. 

diate host availability might be considered re- 

dundant measures of temperature and moisture, 

i.e., reducible to abiotic influences, as could be 

done in the case of P. minimum in F. zebrinus, 
rather than coevolutionary ones. 

The extensive background information on 

salamander ecology gives the Goater et al. (1987) 

study a use beyond that of illustrating assertions, 

namely as a stimulus for consideration of inno- 

vative approaches to the subject of this review. 

Parasites, of course, cannot live apart from their 

hosts, but from an ecological/evolutionary per- 

spective, work such as that of Goater et al. (1987) 
makes one wonder about the reciprocal situation. 

If the parasite species assemblage cannot exist 

without the salamanders, could the salamanders 

live and reproduce along Bearpen and Curtis 

creeks but in micro-environments in which they 
would not have access to the infective stages of 

their parasites? The answer is very likely "no," 
a prediction that could be tested experimentally 
with tractable systems. Such a study would have 

great potential for strengthening any apparent 

coevolutionary link between host species and their 

parasite assemblages (as opposed to single par- 
asite species) in that the relationship between a 

host's species-specific ecological niche and its 

parasite species assemblage might be established 

experimentally. 

Or, in a related experiment, D. quadramacu- 
latus could be put in the L. marmorata habitat 

to test the prediction that the structure of the 

parasite assemblage in D. quadramaculatus would 

then match that of the assemblage in L. mar- 

morata. If the salamander literature accurately 
reflects the ecological requirements of these hosts, 

however, instead of trading parasite assemblages, 
D. quadramaculatus probably would die if trans- 

ferred for a long period of time to L. marmorata's 

ecological niche (Hairston, 1949, 1986; Martof 

and Scott, 1957; Martof, 1962). This seemingly 
trivial speculation is actually a thought experi- 
ment suggesting an evolutionary link between the 

numerical structure of a parasite assemblage, the 

inherited life cycle and niche requirements, in- 

cluding abiotic ones, of the parasite species in- 
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volved, and the inherited ecological require- 
ments of the host. 

Very many published data sets do not allow 

determination of just how widespread are the 

patterns described in this paper. The problem is 

not necessarily a failing of investigators, but it 

arises for a number of reasons, including 
traditions of data presentation in published pa- 

pers, editorial policies, heterogeneity forced on 

researchers by logistics and host biology, and the 

relatively recent development of the computer 
as a tool for use in data analysis and modeling. 
But perhaps most importantly, this problem aris- 

es because parasitologists have not always done 

the kinds of comparisons that make the Goater 

et al. (1987) data set so revealing, for example 
between parasite assemblages in sympatric re- 

lated host species, using all of the design require- 
ments indicated above. 
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