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The Cape horse mackerel Trachurus trachurus capensis is one of Namibia’s most valuable
fish stocks, and an important component to the diet of Cape fur seals, Arctocephalus
pusillus pusillus, off northern Namibia. The level of overlap in the utilization of this resource
between seals and the purse-seine fishery was investigated using two overlap indices. For
high overlap measures, seals and the purse-seine fishery utilized age-2 horse mackerel. For
low overlap measures, seals mainly consumed age-0 fish whereas the fishery caught age-2
fish. Both indices were adjusted by the proportion of horse mackerel in the seal diet, with the
assumption that the proportion consumed by the seals reflects the abundance of horse
mackerel in the coastal waters of Cape Cross, Namibia. Both unadjusted and adjusted over-
lap indices showed that overlap between seals and the fishery in their utilization of juvenile
horse mackerel was high only at times when horse mackerel abundance was high, and low
when abundance was small. Confidence intervals and significance testing were included.
Overall, there was little overlap between seals and the purse-seine fishery. This study
provides important information that should be taken into account in the management of the
horse mackerel resource.

Key words: Cape fur seal, Arctocephalus pusillus pusillus, Cape horse mackerel, Trachurus
trachurus capensis, Namibia, fishery, diet overlap.

INTRODUCTION
The northern Benguela System along the coast
of Namibia is highly productive (Currie 1953),
comprising part of one of the four major eastern
boundary upwelling centres in the world (Shannon
& Jarre-Teichmann 1999). It sustains prey required
by top predators such as marine birds and
mammals, and its resources are exploited by
the Namibian fishing industry (Boyer & Hampton
2001). Certain commercial fish resources are
shared between marine top predators and fisheries.
For example, the Cape fur seal (Arctocephalus
pusillus pusillus) consumes commercially impor-
tant fish such as Cape hakes (Merluccius spp.),
Cape horse mackerel (Trachurus trachurus
capensis), sardine (Sardinops sagax) and an-
chovy (Engraulis encrasicolus) (David 1987;
Mecenero et al. 2006a). For this reason, and the
fact that seals are amongst the most visible of the
top predators in the system, fishers consider Cape

fur seals to be their main competitors for fish
stocks (Wickens et al. 1992).

The Cape horse mackerel is the most commer-
cially exploited fish resource in Namibian waters,
in terms of mass (Axelsen et al. 2004). This
resource has been exploited by the purse-seine
fishery since 1971 (Boyer & Hampton 2001). The
fishery targets juveniles (12.5–20 cm in length)
inshore of the 200 m isobath (Bauleth-D’Almeida
et al.2001) and focuses its attention on the northern
coast of Namibia (Krakstad & Kanandjembo 2001;
Axelsen et al. 2004) where large concentrations of
juvenile horse mackerel are found (O’Toole 1977;
Krakstad & Kanandjembo 2001). Juveniles are
targeted by the purse-seine fleet mainly up to
Cape Frio (18°26’S), and less often up to the
border with Angola (17°S).Cunene horse mackerel
(T. trecae) is only rarely present in the catches, and
the proportion is always very low (NatMIRC,
unpubl.data).Horse mackerel purse-seiners catch
most of their fish during the first half of the year
when the fish occur in dense schools, making
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them easier to catch, and when quota limits have
not yet been reached.

One of the largest Cape fur seal breeding colonies
is found at Cape Cross, in northern Namibia. It has
a population of about 187 000 seals, approxi-
mately 30% of Namibia’s seal population (Marine
and Coastal Management (MCM), South Africa,
unpubl. data 2006). Prey hard parts retrieved from
scats collected from 1994 to 2001 indicated that
horse mackerel are an important component of the
diet of seals from this colony, particularly during
the first half of the year (Mecenero et al. 2006a,b).
Horse mackerel was also the prey item most fre-
quently found in the stomachs of seals collected
off northern Namibia during research cruises
between 1975 and 1979 (Shaughnessy 1985).
The possibility therefore exists that Namibia’s
purse-seine fishery and the Cape Cross seals
share the horse mackerel resource.

Using Schoener’s overlap index (Schoener
1970) to compare fishery catch statistics with data
from scats collected at Cape Cross, Plarre (1996)
found that seals from Cape Cross and the
purse-seine fishery overlapped in their utilization
of the juvenile horse mackerel resource by as
much as 72%, in a few months of the year.
Schoener’s overlap index used by Plarre (1996)
assumes that all states (classes) of the resource
are equally abundant, and is therefore subject to
bias in that it ignores the variation in abundance
of the horse mackerel classes. Numerous other
indices of overlap in resource utilization have been
proposed in recent decades (e.g. Lloyd 1967;
Schoener 1970; Pianka 1973; Hurlbert 1978;
Petraitis 1979), but each has its own limitations
(Hurlbert 1978; Petraitis 1979; Abrams 1980;
Ricklefs & Lau 1980; Smith & Zaret 1982).

The aim of this study was to measure the overlap
between seals and the purse-seine fishery with
regard to their utilization of juvenile horse mackerel
off the shore of northern Namibia, using seal scats
collected at the Cape Cross colony and records of
fishery catches.This study expands on the work of
Plarre (1996) because: (1) it is based on eight
years of diet and catch data as opposed to two, (2)
it compares the findings of two overlap indices, (3)
it includes confidence intervals and significance
testing derived from randomization and bootstrap-
ping methods (Manly 1991). Investigating overlap
in the utilization of a fish resource by seals and a
fishery can provide information on the interactions
between seals and fisheries that is important for
fish stock management decisions.

MATERIALS AND METHODS

Seal scat collection and processing
The collection and processing of scats is de-

scribed in Mecenero et al. (2006a). Briefly, fresh
seal scat samples were collected at the Cape
Cross seal colony (21°47’S, 13°57’E) in northern
Namibia from January 1994 to December 2001.
The scats from this breeding colony mainly repre-
sent those of lactating female fur seals. Sampling
was designed to be at monthly intervals, but no
scats were collected in 22 of the 96 months.
Samples consisted of 30–60 scats pooled to-
gether as a ‘bag’ sample. Where more than one
sample was collected in a month, they were
pooled to represent that month. Samples were
rinsed with running water and passed through
nested stainless steel laboratory test sieves with
apertures of 2.0, 1.0, 0.425 and 0.212 mm. The
rinsed material was dried overnight in an oven
(50°C).

Teleost sagittal otoliths were sorted from the
dried matter, identified to the lowest possible
taxon, and counted.Six teleost groups were identi-
fied (hake, horse mackerel, pelagic goby (Sufflo-
gobius bibarbatus), lanternfish (Myctophidae),
pelagics and others; Mecenero et al. 2006a). The
diameters of otoliths from subsamples of each
sample (c.200 otoliths per sample) were measured
to the closest 0.05 mm for each teleost group (see
Mecenero et al. 2006a). Otolith numbers were
corrected for numbers lost, and otolith diameters
were corrected for erosion during digestion
(correction factors were determined by captive
feeding trials on Cape fur seals, D.L. Millar et al.
unpubl. data 1996, MCM; see Mecenero et al.
2006a for a full account on the correction factors
used).Corrected otolith diameters were converted
to fish lengths using relationships between otolith
diameter and fish length (Smale et al. 1995; see
Mecenero et al. 2006a). Length-frequencies of
horse mackerel consumed by seals were deter-
mined at 0.5 cm class intervals. A horse mackerel
age–length key was used to age the fish in the seal
diet (Anon. 2000). The percentage abundance of
each main teleost group identified was calculated
as the total number of that group in a sample
expressed as a percentage of the total number of
all teleost prey groups in the sample (Mecenero et
al. 2006a). Thus, the relative abundance of horse
mackerel in the seal diet was determined for each
monthly sample.

Biases associated with scat analysis were
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reviewed by Pierce & Boyle (1991). The main bias
is that otoliths are partially or even completely
eroded during the digestion process, affecting
abundance and fish length estimates of teleost
prey from the scats (Dellinger & Trillmich 1988; Orr
& Harvey 2001; Staniland 2002). However, this
study corrected for the partial or complete erosion
of otoliths by using correction factors. Despite
these biases, scat analysis can provide valuable
information on prey consumption (Tollit & Thomp-
son 1996).

Purse-seine catches
The purse-seine fishery for horse mackerel was

most active between February and April of each
year and no fishing occurred from August to
December or mid-January. The upper limit of the
catches did not exceed predetermined quotas.
Random samples of 50 fish were taken from
landed purse-seine catches and the total length of
each fish was measured to the nearest 0.5 cm
(Bauleth-D’Almeida et al. 2001). A horse mackerel
age-length key was used to age the fish in the
fishery catches (Anon. 2000). Data for the years
1994 to 2001 were used in this study.

Only purse-seine catches made within latitudes
20–24°S, and between 12°E and the coast were
used. This approximates a 200 km foraging radius
from Cape Cross. This radius was decided upon
because in 99% of foraging trips by satellite-
monitored adult females (n = 17) between 2002
and 2004, the distance from Cape Cross to the
foraging area where maximum time was spent was
within 200 km of the coast (SPK). Of 768 hauls
between 1994 and 2001, 547 occurred within this
area. When more than one catch was landed
during a month, measurements from each catch
were pooled to represent that month. Length-
frequencies of horse mackerel caught were deter-
mined at 0.5 cm class intervals.

Measurement of overlap
Schoener’s (1970) and Morisita’s (1959) indices

were used to examine overlap in the utilization of
juvenile horse mackerel by Cape fur seals and the
purse-seine fishery in northern Namibia.Schoener’s
overlap index (S) was included as it had been used
during the only previous investigation of overlap in
horse mackerel utilization by Cape fur seals and
the purse-seine fishery (Plarre 1996):
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where i = 1,...L, r is the number of resource states,
in this case the number of 0.5 cm length classes of
horse mackerel from 0–33.0 cm, thus r = 66; psi =
nsi /Ns is the proportion of the resource in state i
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where the variables are defined as for Schoener’s
index. M ranges in value from zero (no overlap) to
one (complete overlap).

Some studies have shown that the proportion of
a prey species or its length classes in the diet of
a predator reflects the abundance of that prey
species or its length classes (Crawford et al. 1992;
Klages et al. 1992; Montevecchi & Myers 1995;
Hunt et al. 1996; Reid et al. 1999). Accordingly, in
order to integrate prey abundance into overlap
indices, which is one of the requirements for
understanding competitive interactions between
predators (Harwood & Croxall 1988), Schoener’s
and Morisita’s overlap indices were adjusted (Sadj

and Madj, respectively) by multiplying with the
proportion of horse mackerel abundance in the
diet of Cape fur seals, with the assumption that the
proportion consumed by the seals reflects the
abundance of horse mackerel in the coastal
waters of Cape Cross:

Sadj = S × (proportion of horse mackerel
abundance in the seal diet). (3)

Madj = M × (proportion of horse mackerel
abundance in the seal diet). (4)

The above-mentioned overlap measures (S, M,
Sadj and Madj) were determined for months where
resource utilization data for both seals and the
fishery existed, from 1994 and 2001 (34 months).
In the absence of appropriate precedents in the
literature, 0.25 (and less) and 0.75 (and more)
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were arbitrarily adopted as low and high levels of
overlap, respectively, between seals and the
purse-seine fishery for the utilization of horse
mackerel.

Confidence intervals and randomization tests for
overlap indices

Confidence intervals for S and M were deter-
mined using the bootstrap procedure (Ricklefs &
Lau 1980; Manly 1991). Bootstrap samples (n =
10 000, sampling with replacement) were taken
from the original samples of horse mackerel in the
seal diet and purse-seine fishery, with the size of
each bootstrap sample equal to the original sample,
for each month where both sets of data existed.
From these, 10 000 estimates of the overlap
measure were determined for each month. The
10 000 estimates were arranged in increasing
order, and the 95% confidence intervals were
determined by taking the 250th and the 9750th
values. To obtain confidence intervals for Sadj and
Madj, the confidence intervals for S and M were
multiplied by the proportion of horse mackerel
abundance in the diet of Cape fur seals for the
corresponding months.

In order to test the null hypothesis (H0) that the
observed overlap measure could have originated
from a distribution of fish lengths that was the
same for both seals and fisheries, randomization
methods were used (Manly 1991). In randomization
tests (as in all statistical hypothesis testing), the
null hypothesis states that some feature of interest
is absent from the observed data. A test statistic is
devised which measures the extent to which the
data departs from this feature. The test statistic is
computed first for the observed data. Thereafter,
the test statistic is computed for many thousands
of random permutations of the observed data, and
the distribution of the test statistic is obtained. If
the value of the test statistic obtained from the
observed data lies in the tails of this distribution,
the null hypothesis is rejected.

In this case, S and M were used as the test statis-
tics. The overlap measure for the observed data
was denoted S1 or M1, respectively. For each of the
34 months for which both seal diet data and
purse-seine fishery data were available, the
lengths of the horse mackerel sub-samples of seal
diet and fishery data were pooled. The observed
data for month m (nsi + nfi observations) were
randomly permuted 10 000 times using an algo-
rithm provided by Manly (1991). The first nsi obser-
vations were assigned to the seals and the

remaining nfi to the fishery. The overlap measures
S and M were computed for each randomization of
the data. A count was kept of the number of times
the values of S and M were greater than or equal to
S1 and M1, respectively. This count, divided by
10 000, estimates the significance level of the test.
If it is less than 0.05, the null hypothesis is rejected
at the 5% significance level. Manly (1991) has pro-
vided a philosophical discussion of randomization
tests, and their applicability to these kinds of data.

RESULTS
Except for 1998, the resource utilization curve of
the purse-seine fishery fell within that of the seals
(Fig. 1). Seals consumed smaller length classes
more frequently than those caught by the purse-
seine fishery. For both seals and fishery, there
were annual differences in the lengths of horse
mackerel consumed or caught (Fig. 1). Five main
modes (age classes) of horse mackerel length
were observed, and the length values of these
main modes varied between the 34 months used
in this study. Age-0 was represented by modes
ranging between 5.25 and 7.75 cm, age-1 by
modes ranging between 8.75 and 11.75 cm, age-2
by modes ranging between 14.75 and 16.75 cm,
age-3 by modes ranging between 20.25 and
22.25 cm, and age-4 by the mode 24.75 cm.

For each month, the overlap measures of S and
M were similar (r = 0.98; Table 1). The degree of
overlap varied between months;generally, overlap
was greatest (>0.75) within the period February to
June, and least (<0.25) in January and within the
period March to September (Table 1).Where over-
lap measures were greater than 0.75, seals and
fisheries mainly overlapped in the utilization of
age-2 horse mackerel (Fig. 2). In the instances
where overlap was less than 0.25, seals were
consuming age-0 horse mackerel whereas the
fishery was catching mainly age-2 horse mackerel
(Fig. 3).

There was no correlation between the propor-
tion of horse mackerel in the seal diet and either
S or M measures of overlap (r = 0.21 and 0.13,
respectively, P > 0.05, n = 34).However, where the
measures of overlap exceeded 0.50, the percent-
age of horse mackerel in the teleost component of
the seal diet was usually 70% or more (Table 1).
Where the measures of overlap were below 0.50,
the percentage of horse mackerel in the diet
ranged between 0 and 100%, although when over-
lap measures were below 0.20, horse mackerel in
the diet generally did not exceed 40% (Table 1).
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Table 1. Measures of overlap (S, M, Sadj and Madj) in utilization of Cape horse mackerel by Cape fur seals and the
purse-seine fishery within the study area. Ninety-five per cent confidence intervals, determined by bootstrapping, are
in brackets. Sample sizes of otoliths and individuals sampled from the seal scats and the fishery catches, are
represented by ns and nf, respectively. The relative abundance of horse mackerel in the seal diet, expressed as a
proportion, is given by NA. Overlap measures for which H0 was accepted (P > 0.05) are indicated by an asterisk.

Date ns nf S M NA Sadj Madj

Mar 94 211 250 0.45 0.49 0.94 0.42 0.46
(0.38–0.52) (0.38–0.60) (0.35–0.49) (0.36–0.56)

Apr 94 210 323 0.40 0.46 0.39 0.15 0.18
(0.33–0.47) (0.36–0.56) (0.13–0.18) (0.14–0.22)

May 94 474 434 0.10 0.09 0.37 0.04 0.03
(0.08–0.13) (0.06–0.13) (0.03–0.05) (0.02–0.05)

Jun 94 520 453 0.26 0.21 0.44 0.11 0.09
(0.22–0.30) (0.16–0.26) (0.10–0.13) (0.07–0.11)

Jul 94 394 281 0.48 0.60 0.07 0.03 0.04
(0.42–0.54) (0.52–0.69) (0.03–0.04) (0.04–0.05)

Sep 94 277 359 0.14 0.11 0.06 0.01 0.01
(0.10–0.18) (0.07–0.17) (0.01–0.01) (0–0.01)

Mar 95 340 12 0.13 0.22 0.99 0.13 0.21)
(0.08–0.19) (0.11–0.35) (0.08–0.18) (0.10–0.34

Apr 95 308 695 0.65 0.79 0.91 0.59 0.72
(0.59–0.70) (0.72–0.86) (0.54–0.64) (0.65–0.79)

Jun 95 1363 1419 0.75 0.89 0.79 0.59 0.70
(0.72–0.78) (0.86–0.92) (0.57–0.62) (0.68–0.72)

Jul 95 223 40 0.39) 0.52 0.70 0.27 0.37
(0.27–0.51 (0.32–0.73) (0.19–0.36) (0.22–0.51)

Aug 95 314 86 0.21 0.23 0.28 0.06 0.06
(0.15–0.27) (0.15–0.32) (0.04–0.08) (0.04–0.09)

Feb 96 465 1228 0.52 0.65 0.73 0.38 0.48
(0.47–0.56) (0.59–0.72) (0.34–0.41) (0.43–0.52)

Mar 96 310 3967 0.79 0.95 0.79 0.62 0.75
(0.74–0.84) (0.90–0.98) (0.59–0.66) (0.71–0.77)

Apr 96 211 1679 0.67 0.83 0.77 0.52 0.64
(0.61–0.73) (0.75–0.90) (0.47–0.56) (0.58–0.69)

May 96 205 1985 0.45 0.56 0.77 0.35 0.43
(0.39–0.51) (0.47–0.66) (0.30–0.39) (0.36–0.50)

Jun 96 223 52 0.43 0.55 0.15 0.06 0.08
(0.33–0.53) (0.39–0.71) (0.05–0.08) (0.06–0.11)

Jul 96 200 50 0.44 0.59 0.01 0 0.01
(0.35–0.53) (0.44–0.74) (0–0.01) (0–0.01)

Aug 96 199 52 0.43 0.61 0.07 0.03 0.04
(0.35–0.51) (0.47–0.74) (0.02–0.04) (0.03–0.05)

Jan 97 23 1988 0.04 0.04 0.02 0.001 0.001
(0–0.08) (0–0.13) (0–0.002) (0–0.003)

Feb 97 112 660 0.72* 0.93* 0.06 0.04 0.06
(0.64–0.79) (0.84–0.99) (0.04–0.05) (0.05–0.06)

Mar 97 200 449 0.59 0.80 0.19 0.11 0.15
(0.52–0.66) (0.71–0.88) (0.10–0.13) (0.13–0.17)

Apr 97 201 27 0 0 0.94 0 0

May 97 47 37 0.25 0.29 0.02 0.01 0.01
(0.13–0.37) (0.11–0.54) (0–0.01) (0–0.01)

Continued on p. 23



When each overlap index was adjusted by the
proportion of horse mackerel in the seal diet, none
of the Sadj measures were greater than 0.75,
whereas Madj measures which met this criterion
were confined to the period March to May (Table 1).
Sadj and Madj measures less than 0.25 were found in
months throughout the entire period January to
September (Table 1). Where both Sadj and Madj

measures were greater than 0.50, then the propor-
tions of horse mackerel in the teleost portion of the
seal diet were greater than 70% (Table 1). For
measures less than 0.50, the proportion of horse
mackerel in the seal diet ranged from 0–100%; a
proportion of 44% or less of horse mackerel in the
seal diet always had overlap measures less than
0.20 for both indices (Table 1).

The relationships between the width of the confi-
dence intervals for the overlap measures (S, M, Sadj

and Madj) and the sample size of horse mackerel
taken by seals and the fishery are given in Fig. 4.
The widths of the confidence intervals for S and M
were negatively related to the logarithm of seal
sample size (S: r = –0.40, P = 0.02, n = 34; M: r =
–0.41, P = 0.02, n = 34) and catch sample size (S:
r = –0.31, P > 0.05, n = 34; M: r = –0.41, P < 0.001,
n = 34). The widths of the confidence intervals

were less than 0.20 for catch sample sizes greater
than 450 and for seal sample sizes greater than
390 (Fig. 4). Confidence interval widths for sample
sizes in the range of 2000–4000 for the fishery and
500–1300 for the seals were not available so it was
not possible to determine the minimum sample
size for confidence interval widths of less than 0.10
(Fig. 4).

Only two months (February 1997 and May 2001)
displayed the possibility that the observed overlap
measures (S and M) could have originated from a
distribution of fish lengths that was the same for
both seals and fisheries (Table 1).

DISCUSSION
Niche overlap is the shared use of a resource by
two or more species (Colwell & Futuyma 1971).
The intensity of overlap between marine predators
and fisheries is strongest if the fishery exploits the
principal prey species of a marine predator popu-
lation which is at its carrying capacity (Lowry &
Frost 1985). The status of the Cape fur seal popu-
lation in relation to its carrying capacity is unknown.
However, the highest levels of overlap between
seals at the Cape Cross breeding colony, which
are mainly lactating females, and the horse
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Table 1 (continued )

Date ns nf S M NA Sadj Madj

Jul 97 44 25 0.07 0.07 0.02 0.001 0.001
(0–0.16) (0–0.22) (0–0.003) (0–0.004)

Jan 98 198 1518 0.27 0.23 0.73 0.20 0.17
(0.21–0.33) (0.16–0.31) (0.16–0.24) (0.11–0.23)

Feb 98 230 160 0.26 0.28 0.83 0.21 0.23
(0.20–0.31) (0.19–0.38) (0.16–0.26) (0.16–0.31)

Mar 98 22 199 0.19 0.25 0.02 0.004 0.01
(0.11–0.27) (0.12–0.41) (0–0.01) (0–0.01)

Apr 98 210 4 0.07 0.16 0.21 0.01 0.03
(0.02–0.11) (0.05–0.38) (0.01–0.02) (0.01–0.08)

Mar 99 232 350 0.66 0.81 0.70 0.46 0.56
(0.59–0.73) (0.71–0.89) (0.41–0.51) (0.49–0.62)

Apr 99 301 200 0.47 0.61 0.82 0.39 0.50
(0.41–0.54) (0.51–0.70) (0.34–0.44) (0.41–0.58)

Mar 00 240 300 0.31 0.34 0.35 0.11 0.12
(0.25–0.36) (0.26–0.43) (0.09–0.13) (0.09–0.15)

Feb 01 383 282 0.47 0.52 0.95 0.44 0.50
(0.41–0.52) (0.43–0.61) (0.39–0.50) (0.41–0.58)

Apr 01 475 986 0.24 0.23 0.89 0.21 0.20
(0.20–0.28) (0.19–0.28) (0.18–0.25) (0.16–0.25)

May 01 230 100 0.65* 0.86* 0.95 0.62 0.81
(0.56–0.73) (0.73–0.95) (0.54–0.69) (0.69–0.91)









One of the main pitfalls of overlap indices is that
they do not include confidence limits. Monte Carlo
simulations have been used in this regard for some
overlap indices (Ricklefs & Lau 1980). Confidence
intervals permit further interpretation of overlap
indices and provide information regarding their
limitations. For this study, confidence intervals
determined by bootstrapping showed that that a
high degree of overlap (greater than 0.75) between
seals and fisheries in their use of the horse mackerel
resource was rare, whereas a low degree of over-
lap (less than 0.25) was more common. The
smaller the confidence interval around the overlap
measure, the more reliable the overlap measure
(Sokal & Rohlf 1995). This study showed that
smaller confidence intervals (less than 0.20)
resulted when seal diet and fishery catch sample
sizes of measured horse mackerel were large
(greater than 390 and 450, respectively). Sample
sizes for both the fishery and seals for some
months in this study were small (less than 50).The
reliability of overlap indices would be improved by
sampling larger amounts of the horse mackerel
taken by seals and the fisheries.

Another drawback of overlap indices is that most
of them do not provide the means of determining
whether or not overlap is significant (Ricklefs &
Lau 1980;Zaret & Smith 1984). In this study, signif-
icance levels determined by bootstrapping were
useful in highlighting the fact that, in most cases
(94%), seals and fisheries were exploiting different
size classes of the horse mackerel resource.

Overlap indices fail to measure competition be-
cause overlap is not linearly related to competition
(Colwell & Futuyma 1971;Hurlbert 1978), i.e. large
values for the overlap index do not automatically
represent direct competition, they may in fact imply
reduced competition due to an abundance of the
prey resource (Pianka 1974). The study by Plarre
(1996), which investigated the overlap in utilization
of horse mackerel by Cape fur seals and the
purse-seine fisheries, concluded that there was
‘competition’ between the seals and the purse-
seine fishery for this prey. Plarre’s (1996) study
was based on Schoener’s index, which is not a
measure of competition because it does not include
information on the static and dynamic properties of
competition (Harwood & Croxall 1988; Green et al.
1998). Static properties include fish distribution
and abundance, as well as feeding effort, amount
of fish utilized and size classes utilized by seals
and fisheries in time and space. Dynamic proper-
ties include the response of fish to changes in

predation rate, the response of seals, fisheries and
other predators to changes in fish abundance, and
the response of the market to fish supply. Unless
all this information is incorporated into a competition
index, then competition, defined as occurring
when the concurrent presence of two competitors
is mutually disadvantageous (Harwood & Croxall
1988), between seals and fisheries cannot be
determined. Usually it is impossible to provide all
this information because it is either not available or
difficult to obtain.

In conclusion, the results of this study showed
that Cape fur seals and the horse mackerel
purse-seine fisheries mostly take different resource
classes of the horse mackerel stock, resulting in
little overlap between them. However, because
seals generally consumed smaller size classes
than the fisheries, the fisheries may be affected by
the proportion of small fish consumed by seals
which would have become available to the fishery
in the future. On the other hand, by taking bigger
fish, the fishery may have an effect on the future
recruitment of horse mackerel and therefore
ultimately on what will become available to seals
and the fishery in the future. Although it often
seems reasonable to believe that reducing the
number of seal predators would make more fish
available to the fishery, this paper illustrates that
the connection may not be so direct.The diet of the
seals most of the time does not have a direct over-
lap with the fishery, and there is no guarantee that
reducing the number of seal predators would make
horse mackerel more available to the fishery, it may
just increase the natural mortality rates of horse
mackerel due to other causes (Butterworth 1992).
For example, reducing Cape fur seal numbers may
not enhance catches of Cape hakes to the fishery
due to feedback control: shallow-water hake
Merluccius capensis preys on deep-water hake M.
paradoxus, and depending on the degree to which
seals consume shallow-water hake, a reduction in
seal numbers may negatively affect deep-water
hake fisheries (Punt & Butterworth 1995).

This overlap study provides important insights
into the interactions between Cape fur seals and
the purse-seine fishery, which should be considered
in the management of the horse mackerel stock.
Abundance data on the first age class of horse
mackerel are not available from the acoustic
survey nor from the commercial catches. There-
fore, once a reliable recruitment index has been
established from the scats the data can be imple-
mented into the age-based production model used
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by the Namibian Ministry of Fisheries to assess the
horse mackerel stock. These additional data may
improve the model by more accurately predict the
juvenile age classes of horse mackerel and their
early recruitment to the purse seine fishery.
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