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Variation in the intraspecific relationship between fish length
and intensity of parasitic infection: biological and

statistical causes
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In a meta-analysis, the overall mean correlation between fish length and the intensity of
parasitic infections derived from 76 different host–parasite species was positive but weak and
non-significant, following corrections for sample size. Whether the parasites were acquired by
ingestion or by skin contact had no influence on the strength of the relationship. For cestodes,
larval digeneans, and gnathiid isopods, however, the mean correlation between fish length and
intensity of infection was significant. Some statistical parameters influenced the strength of the
raw correlations computed within samples and thus led to over- or under-estimation of the true
relationship. Sample size correlated negatively with the value of the correlation coefficients,
whereas range in both fish lengths and intensities of infection correlated positively with the
value of the correlation coefficients. Distinguishing between statistical noise and the biological
processes shaping the size v. intensity relationship will be important if this relationship is to be
incorporated into fish population models. � 2000 The Fisheries Society of the British Isles
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INTRODUCTION

Empirical evidence supports a role for parasites in the population dynamics of
their hosts (Scott, 1988; Scott & Dobson, 1989; Grenfell & Gulland, 1995). For
metazoan parasites, often only the most heavily parasitized hosts incur higher
mortality rates than do uninfected hosts. Models of host–parasite population
dynamics are all based on the premise that parasite-induced host mortality is a
function of the intensity of infection by metazoan parasites, or the number of
parasites per host (Anderson & May, 1978, 1979; May & Anderson, 1978, 1979;
Anderson & Gordon, 1982). It is common to infer that heavy parasite infections
cause mortality from the truncated aggregated distribution of parasites among
hosts, in which fewer heavily infected hosts are observed than are predicted by
the negative binomial distribution (Crofton, 1971; Gordon & Rau, 1982; Adjei
et al., 1986; Rousset et al., 1996). Understanding how parasites are distributed
among hosts in a population, and which part of the population is more
susceptible to infection, becomes crucial for building realistic population models.
In particular, it is essential in population dynamics models to link parasite-
induced mortality with age-specific mortality (Gulland, 1987; Lorenzen, 1996),
because intensity of infection is usually associated with host age or size.
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In fish populations, intensity of infection by metazoan parasites increases with
the age or size of fish hosts (Dogiel et al., 1958). The increase sometimes stops
beyond a certain host age or size, but the positive relationship generally holds
when several size classes are pooled. Older fish have had longer to accumulate
parasites than have younger ones. Being larger, they provide more internal and
external space for parasite establishment, but incur higher infection rates because
they eat more parasitized prey and offer a larger contact area for skin-attaching
parasites. Simple mathematical models have been developed to describe this (des
Clers, 1991).

It should therefore be relatively easy to incorporate fish size as a determinant
of both age-specific and parasite-induced mortality in models of fish population
dynamics. However, the relationship between fish size and intensity of parasite
infection, although usually positive, varies from statistically non-significant to
very strong and highly significant. This variation may result from: the exact
measure of, or the range of, fish sizes used; whether uninfected fish are included
in the computations [i.e. whether abundance or intensity is used as a measure of
parasite numbers; Bush et al. (1997)]; or from biological differences between
different types of parasites. Metazoan parasites of fish belong to several different
taxa; they are acquired by fish in different ways, and settle in different organs
within their host, with different consequences for fish health. It is important to
elucidate the factors responsible for the different size v. intensity relationships
reported in the literature if parasitism is to be included as a component in models
of fish population dynamics.

This study aimed to determine which biological, methodological or statistical
variables influenced relationships between fish size and intensity of parasitic
infections, using a meta-analysis of published relationships. The results provide
a clearer overall picture of size-dependent (or age-dependent) patterns of
parasitic infections in fish.
METHODS

Pearson’s or Spearman’s correlation coefficients between fish length and numbers of
parasites per individual fish were obtained from 38 studies (Table I). Correlations
computed across average values for different size classes were excluded to ensure that
variation among individual fish within each size class was retained, and to avoid the other
problems associated with lumping fish into size classes (Pacala & Dobson, 1988).

Correlations were included in the data set only if (1) they were derived from fish
samples obtained in natural populations or infected in semi-natural conditions; (2) the
sample size was given; (3) the length (LT, LS, or LF) of fish was specified (correlations
using fish mass were rare and thus excluded); and (4) it was specified whether uninfected
fish were included in the computations. When possible, the mean and range in fish sizes,
the median intensity of infection (judged more representative than the mean given the
aggregated distribution of parasites), and the range of infection intensities were also
recorded.

Parasites were classified as either acquired by ingestion or by skin contact. Ingested
parasites (nematodes, acanthocephalans, cestodes and adult digeneans) may settle in the
gut, viscera, muscles or nervous system of their host. Parasites acquired by contact with
external surfaces include larval digeneans (metacercariae), which usually migrate within
the fish to encyst in a variety of locations, and ectoparasitic monogeneans, copepods,
gnathiid isopods, and larval stages (glochidia) of some freshwater bivalves.

In the meta-analysis, each host–parasite species combination was treated as an inde-
pendent observation. Phylogenetic influences may reduce the statistical independence of
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related species (Harvey & Pagel, 1991). For instance, the intensity of infection by parasite
species of one family might be more likely to be linked to host size than that of parasites
in another family. Also, size-dependent infections might be likely to develop in fish
species from certain families but not from others. As there are currently no methods
allowing simultaneous corrections for phylogenies of hosts and of parasites
in statistical analyses, different host–parasite species associations were treated as
independent since no fish or parasite taxa were over-represented in the data set.

The meta-analytical procedures used here follow Hunter & Schmidt (1990). The
overall strength of the relationship between fish size and intensity of infection (mean
correlation coefficient) was computed by weighting each correlation coefficient for sample
size:

r̄=�[Ni(ri)](�Ni)
�1

where Ni is the number of fish examined in study i and ri is the correlation coefficient
between fish size and intensity of infection in that study. The variance of r̄ is S2

r̄ :

S2
r̄ =�[Ni(ri� r̄)2](�Ni)

�1.

It is actually the sum of the true variance S2 and the variance stemming from sampling
error, S2

e. The latter is estimated by:

S2
e =(1� r̄2)2(N�1)�1

where N is the average sample size. The true variance, S2 [the variance among
correlations, as opposed to the variance in the individual study correlations stemming
from sampling error (Hunter & Schmidt, 1990)], is the difference between S2

r̄ and S2
e.

From S2 we obtain the standard deviation, S, of r̄. The ratio of r̄ to S (Z score) indicates
how many standard deviations away from zero (null hypothesis) is situated the mean
correlation coefficient, and hence, the probability of observing such a mean correlation
coefficient. Since most of the correlation coefficients included in the analysis were
positive and many were significant, this test in itself is not very useful. However, the
significance of the variance can also be estimated using the following �2 approximation:

�2
k�1=(�Ni)(S

2)(1� r̄2)�2

where k is the number of correlation coefficients. If there is significant variation among
correlation coefficients, then other variables may be at work. The correlations can then
be subdivided with respect to a categorical variable, and r̄ and S2 recalculated for each
subset. The categorical variable has an effect if either the different r̄ vary among subsets,
or the variance in the subsets is smaller than that of the entire data set.

Other statistical tests were standard parametric tests. When necessary, continuous
variables were log transformed to meet the assumptions of normality.
RESULTS

Correlation coefficients between fish length and intensity of infection were
obtained for 76 different host–parasite species associations (Table I). A total of
42 fish species, from 37 genera and 24 families, were represented in the data set.
The 66 parasite species belonged to several genera (Table I), so that no host or
parasite taxon was over-represented in the data set.

Not surprisingly, the mean correlation coefficient across all 76 relationships
was positive, although not statistically significant (r̄=0·240, P=0·25). Thus,
despite many individual relationships being strong (r�0·5), the overall mean
correlation coefficient was weak. This was no doubt due to the significant
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F. 1. Frequency distribution of correlation coefficient values among published relationships between
fish length and intensity of parasitic infection. The 50 relationships involving ingested (�) parasites
and the 26 relationships involving parasites acquired by skin contact (�) are presented separately.
variance among all correlations (S2=0·044, P<0·001), suggesting that other
variables affected the length v. intensity relationship. Raw correlations com-
puted for parasites acquired by skin contact generally appeared stronger than
those obtained for parasites acquired by ingestion (Fig. 1). However, after
weighting for sample sizes, the mean correlation coefficients for these two groups
of parasites were similar and not different from zero, again because of substantial
variation among individual coefficients (Table II).

When parasites were grouped by taxa, the mean correlation between length
and intensity was significant only where individual correlations varied little.
Among ingested parasites, the mean correlation coefficient was significant only
for cestodes (Table II), and among contact parasites, only for larval digeneans
and gnathiid isopods (Table II). Insufficient information was available for
molluscs and copepods for any definitive assessment. The final site of infection
had no detectable influence on the correlation between fish length and intensity
of parasitic infections.

Inclusion or not of uninfected fish, or the type of length measure used (LT, LS

or LF), did not influence the strength of the correlation between fish length and
intensity of infection. However, log sample size (mean 319 fish examined per
study, range 11–1219) correlated significantly and negatively (r= �0·332,
P=0·003) with the strength of the raw correlation between fish length and
infection intensity across all 76 coefficients (Fig. 2).

Across the 58 host–parasite combinations for which data were available, mean
fish length and the range in fish lengths were strongly correlated (r=0·906,
P<0·0001). Of these two variables, the log range in fish lengths correlated
positively with the strength of the length v. intensity relationship [r=0·283,
P=0·031; Fig. 3(a)]. Median intensity and the range in infection intensities were
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T II. Summary of the meta-analysis on the influence of mode of parasite acquisition
and parasite taxonomy on the relationship between fish length and intensity of infection

(see text for details)

Parasite type No. of
correlations

No. of species
(no. of genera) r̄ S2

Ingested parasites 50 43 (35) 0·229 0·0387**
Adult digeneans 7 7 (6) 0·037 0·0145**
Cestodes 8 8 (7) 0·205** 0·0003
Nematodes 27 21 (16) 0·285 0·0421**
Acanthocephalans 8 7 (6) 0·221 0·0500**

Skin-contact parasites 26 23 (15) 0·257 0·0508**
Larval digeneans 8 6 (5) 0·442* 0·0407**
Monogeneans 8 8 (6) 0·112 0·0078**
Molluscs 1 1 (1) �0·029 —
Gnathiids 6 6 (1)† 0·558** 0·0001
Copepods 3 2 (2) 0·076 0·0078

*P<0·05; **P<0·001.
†Species identity not available but likely to represent up to six species from at least one genus.
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F. 2. Plot of correlation coefficients against log sample size (the number of fish examined) across
published relationships between fish length and intensity of parasitic infection.
also highly correlated across the 44 host-parasite combinations for which data
were available (r=0·812, P<0·0001). Of these two variables, only the log range
in infection intensities correlated with the strength of the relationship between
length and intensity [r=0·302, P=0·047; Fig. 3(b)].
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F. 3. Plot of correlation coefficients against (a) the log range in fish lengths in the sample, and (b) the
log range of infection intensities among the fish examined, across published relationships between
fish length and intensity of parasitic infection.
DISCUSSION

Within and among animal species, most physiological and ecological
parameters covary with body size (Peters, 1983). Of particular interest in the
context of fish population dynamics is the size dependence of mortality rates
(Lorenzen, 1996). Because parasite-induced mortality rates, intensities of
parasitic infection, and fish size are all interrelated, the relationship between fish
size and intensity of infection must be incorporated into population models
(Dobson & May, 1987). This relationship is highly variable, as illustrated in the
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present study. The correlations included here were a random sample of
published ones; no doubt there exists a large number of non-significant correla-
tions that have not been published. Among the mostly positive and often
statistically significant relationships found in the literature, there is substantial
variation in the size v. intensity relationship. The main findings of this
meta-analysis were: (1) the overall, mean correlation between fish length and
intensity of infection, weighted for sample size, was not significantly different
from zero, independent of mode of infection; (2) the correlations were less
variable and the mean correlation was clearly significant for some parasite taxa
but not others; (3) correlations derived from small samples of fish were likely to
overestimate the true relationship; and (4) correlations based on a narrow range
of fish lengths or intensities of infection were likely to underestimate the true
strength of the length v. intensity relationship.

Several biological parameters or ecological processes can determine which
types of parasites are more likely to correlate closely with host size. Density-
dependent regulation of parasite numbers, for instance, may obscure the
relationship between fish length and intensity of infection by preventing the
accumulation of large numbers of parasites even in the largest fish. Density
dependence within hosts has been observed in fish endoparasites, whether they
are acquired by ingestion (Brown, 1986) or through skin penetration (Lysne
et al., 1997). Ectoparasites of fish, however, usually occur at intensities too low
for any regulation to occur (Rohde, 1991). This basic ecological difference
between external and internal parasites does not appear to influence the length v.
intensity relationship in a consistent way. Other differences may explain why the
relationship is stronger for certain parasite taxa than for others. For example,
differences between taxa in life span within fish hosts could result in different
rates of parasite accumulation as a function of fish age/size. Larval digeneans,
for instance, are generally long-lived in fish hosts (Chubb, 1979) and their
numbers correlate well with fish length (Table II). Also, parasite-induced
mortality can weaken the size v. intensity relationship by removing large, heavily
infected fish from the population; if parasite taxa differ in pathogenicity, the
relationship may appear weaker for the most harmful parasites. These and other
possibilities will require further study.

The important influence of sample size on the value of raw correlation
coefficients is not surprising. The estimation of most population parameters in
parasites is sensitive to sample size because of the aggregated distribution of
parasites among their hosts (Gregory & Woolhouse, 1993; Poulin, 1996). The
rare, heavily infected individuals in a natural host population are usually missed
by inadequate sampling effort. The inclusion of these heavily infected individ-
uals in computations of correlation coefficients has disproportionate effects on
the strength of the relationship between size and intensity. Therefore, it would
be preferable to use as many fish as possible, given logistical and ethical
constraints, when attempting to quantify the size v. intensity relationship.

The ranges in both fish lengths and intensities of infection influenced the
strength of the correlations between fish length and intensity. Obviously, it is
preferable to sample the entire range of fish lengths in the population, rather
than a portion of that range. This facilitates the detection of a relationship and
allows non-linear relationships to be distinguished more readily. It is clear that
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the combined effects of sample size and the range in fish lengths and intensities
of infection accounted for much of the variation in the published correlation
coefficients. Future estimates will need to eliminate these sources of statistical
noise if precise correlations are wanted.

Overall, the positive relationship between fish length and intensity of parasitic
infection was more variable and not as strong as often assumed in the literature.
Each specific relationship must still be evaluated on its own terms. Many studies
have used size class averages and found strong, highly significant relationships
between fish size and mean intensity of infection. The use of size class averages
inflates the correlation coefficient by ignoring the variation in infection among
fish within size classes (Pacala & Dobson, 1988). Some of the variation reported
here originates from statistical artefacts, and some of it reflects biological
differences among parasite taxa. If parasite-induced, size-dependent mortality is
to be incorporated into future fish population dynamics models (Dobson & May,
1987), more effort will be required to quantify precisely the true size v. intensity
relationship for targeted fish–parasite systems.

I thank the Université du Québec à Montréal for their hospitality during the
completion of this study.
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