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ABSTRACT: The pattern of recruitment of the brown mussel Perna perna on a n exposed rocky shore
on the southeast coast of South Africa between March 1991 and March 1992 is reported. The densities
and population size structures of plantigrades associated with 2 natural substrata, filamentous algae
and established mussel clumps, are contrasted. Mussels of c500 pm shell length were present throughout the study period, but peaked in abundance dunng the winter months (June to September).
Although the density of these early plantigrades vaned with both samphng date and site, type of substratum had no effect. Late plantigrades, mussels of > 0 . 5 to 3.5 mm shell length, reached peak abundance amidst mussel clumps in winter as opposed to spring/early summer on algal turf. Sampling date,
site and type of substratum all influenced the dens~tyof late plantigrades. The size distributions of the
recruits found in association with the 2 substrata dlffered s~gn~ficantly
on 4 of the 11 sampling dates.
The recruitment pattern of P perna does not, therefore, conform with the generally accepted primary/secondary settlement hypothesis. The observed pattern lndlcates direct settlement of larvae from
the plankton onto adult beds in addition to temporary attachment on filamentous algae. The relatively
low intensities of recruitment observed, compared with those of other mytilids, may explain such anomalous attributes of P. perna a s its lack of competitive dominance and low resilience to disturbance.
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INTRODUCTION

The settlement and recruitment processes of mytilid
bivalves have received considerable attention. Early
studies by Maas Geesteranus (1942), Verwey (1952)
and De Blok & Geelen (1958)indicated that post-larval
Mytilus edulis attach and detach themselves from the
substratum several times. Bayne (1964) subsequently
postulated that mussel larvae settle initially on filamentous substrata; after a period of growth they then
detach and enter into a secondary pelagic phase. During the latter, so-called bysso-pelagic migration phase,
the plantigrades may attach to, and detach from, several filamentous substrata prior to selecting sites of
permanent attachment on established mussel beds.
Until recently this primary and secondary settlement
hypothesis was assumed to be universally applicable.
There is, however, growing evidence that, in some
O Inter-Research 1995
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mytilid populations, early plantigrades forgo the initial
growth phase on filamentous substrata and settle
directly onto adult mussel beds (McGrath et al. 1988,
Caceres-Martinez et al. 1993).
Bayne's (1964) observations clearly pertain to what is
now defined as recruitment, that is, the process of successful colonization after a specified period of time,
during which some degree of post-settlement mortality
may have occurred. Nowadays the term settlement is
reserved for the process whereby larvae come in contact with, and permanently attach to, the substratum, a
process which may encompass metamorphosis (Seed &
Suchanek 1992).
Despite extensive commercial cultivation and intense exploitation of natural stocks, relatively little is
known about patterns of settlement and recruitment of
mytilids in southern Africa (du Plessis 1977, Griffiths
1981, Crawford & Bower 1983).Recent evidence of the
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adverse impact of subsistence gatherers on stocks of
the brown mussel Perna perna along the Transkei
coast, South Africa (Siegfried et al. 1985, Lasiak & Dye
1989, Lasiak 1991), has prompted interest in methods
of enhancing natural productivity. The primary objective of the present investigation was to obtain information on the onset and duration of recruitment onto natural substrata. Such information is considered a
prerequisite for further studies on the feasibility of using artificial substrata to encourage recruitment in depleted areas (Lasiak & Barnard unpubl.). Concomitant
comparisons of the abundance and size composition of
plantigrades on filamentous algae and established
mussel beds also provided an opportunity to contribute
to the current debate on the universal applicability of
the primary and secondary settlement hypothesis.

pediveliger larvae (Siddall 1980), characterizations of
Mytilus edulis larvae (Dare 1976, King et al. 1989,
Caceres-Martinez et al. 1993) and the maximum size of
plantigrades found on artificial substrata (Lasiak &
Barnard pers, obs.).
Three-way analyses of variance were used to compare densities of both early and late plantigrades with
respect to sample date, site and type of substratum. To
meet the assumptions of constant variance across
groups the data were log-transformed prior to the analysis of variance (Sokal & Rohlf 1981).Cornpansons of the
size composition of recruits found on filamentous algae
and mussel clumps were based on Mann-Whitney
U-tests and Kolmogorov-Smirnov 2-sample tests performed for separate sampling dates (Conover 1980).

RESULTS
MATERIALS AND METHODS

This study was conducted on an exposed rocky platform located at the southern end of the Dwesa Nature
Reserve (32' 18' S, 28" 50' E ) on the southeast coast of
South Africa. The infratidal fringe, where Perna perna
is most abundant, exhibits a distinct mosaic structure
comprising clumps of mussels and tufts of coralline
algae interspersed by patches of crustose algae occupied by large patellid limpets (Dye 1992). Within this
zone 2 replicate study sites, each encompassing an
area of about 20 m2, situated approximately 50 m
apart, were established. At each of these sites triplicate
samples of biota, each 100 cm2 in area, chosen haphazardly, were scraped from the centre of both the musseland the algal-dominated microhabitats. Samples, collected at intervals of 4 to 6 wk from March 1991 to
March 1992, were preserved in 10% formalin for subsequent analysis.
In the laboratory plantigrades were extracted as follows: the macrobiota were sorted, teased apart where
necessary and then agitated in, an ultrasonic bath prior
to washing through a series of sieves ranging from
1 mm to 125 pm mesh size. A stereo-microscope was
used to examine the material collected on each of the
sieves. The shell surfaces and byssal threads of adult
mussels were also examined under the microscope.
The number of plantlgrades found In each sample and
their respective lengths, determined by means of an
eye-piece micrometer, were recorded. Mussels 25 mm
total length were measured with vernier calipers.
The plantigrades were divided into 2 sub-groups on
the basis of size: mussels of c500 pm shell length were
regarded as early plantigrades whereas those from
0.5 to 3.5 mm shell length were referred to as late
plantigrades. These sub-divisions are in accordance
with measurements of laboratory-reared Perna perna

Mussels of <500 pm were present throughout the
study period on both filamentous algae and amidst
mussel beds. Mean densities ranged from 1.7 to
47.7 1 0 0 ~ r n of
- ~ mussel cl.umps and from 0 to 41.7
1 0 0 ~ m of
- ~algal turf (Fig. 1). The density of early
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Fig. 1. Perna perna. Mean (+SDI density of early plantigrades
(mussels of <500 pm shell length] found per 100 cm' of ( a )
mussel and (b) algal substratum. Solid and hatched bars represent data from t h e 2 study sites

Laslak & Barnard Recruitment of brown n ~ u s s e l s
-

Table l Perna perna. Results of 3-way analyses of variance
of log-transformed early plantigrade (<500 pm shell length)
densities
Source of vanation

df

.MS

F-~ratlo

p
P

Date
Substratum
Site
Date X Substratum
Date X Slte
SubstratumxSite
Datex Substratulnx Site

10
1
1
10
10
1
10

5.170
0 109
1.481
0 938
1213
0.501
0.862

Error

81

0 171

30.151
0.638
8 634
5.469
7.071
2.924
5.027

< 0 001'
0 427
0.004'
<0.001'
<0.001'
0.091
<0.001'

'Significant at p < 0.05

plantigrades was generally lower during the late
spring and summer months (November to February)
and higher during the winter period (June to September). At one of the study sites a marked increase in the
density of early plantigrades was evident in March
1992. Three-way analysis of variance indicated significant differences in density of early plantigrades with

Mar May J u n Aug Sep Oct Nov Dec Jan Feb Mar

Fig. 2. Perna perna M e a n (+SD) density of late plantigrades
(mussels of 0.5 to 3.5 m m shell length) found per 100 cm2 of [ a )
mussel and (b) algal substratum. Solid a n d hatched bars represent data from the 2 study sites
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Table 2. Pel-na p e r n a Results of 3-way analyses of variance
of log-transformed late plantigrade ( > 5 0 0 pm shell length)
densities
Source of v a r ~ a t ~ o n
-Date
Substratum
Site
Date x Substratum
Date X S ~ t e
Substratum x Slte
DatexSubstratumxSite

df

MS

10
1
1
10
10
1
10

2 590
4 825
1 128
1003
0555
0 797
0 363

Error

81

0256

F-rat10

p

P

'Significant at p

10 101 < 0 001'
18 818 < 0 001'
4 399
0 039'
3 911 < 0 0 0 1 '
2 163 0 0 2 8 '
3 109 0 082
0 188
1 415

0 05

respect to both sample date and site, but type of substratum had no significant effect. The interaction terms
were all highly significant except that between substratum and site (Table 1).
Temporal variations in the density of late plantigrades recorded on the 2 substrata are shown in Fig. 2.
Mean densities varied between 4.3 a n d 60.7 100 cm-'
of mussels and from 3 to 32 per 100 cm-' of algal turf.
Highest densities were observed during the winter
months amidst the mussel clumps as opposed to spring
and early summer on the algal turf. Three-way analysis of variance indicated that sample date, type of substratum and site all had significant effects on the density of late plantigrades. Date X site was the only
significant interaction term (Table 2).
The length frequency data for mussels of < 5 mm
shell length found on filamentous algae and amidst
mussel clumps are shown in Figs. 3 & 4 respectively.
The fact that there w7ererarely more than 2 modes evident in the data sets pertaining to the algal substratum,
and that only 1 of these was well-defined, probably
reflects the scarcity of mussels of > l m m shell length.
The rapid decrease in prominence of distinct modes, as
observed in the algal turf between October and
November, is thus more likely to be indicative of loss of
n~ussels,either as a result of mortality or migration to
other substrata, than variable growth increments.
Inspection of the corresponding data sets from the
mussel clumps does not, however, support the notion
of migration from the algal substratum as there is no
evidence of a n increase in the density of late plantigrades. At the beginning of the study period the length
frequency data pertaining to the mussel substratum
was bimodal; however, as time progressed a polymodal structure became apparent. The lack of distinct
modal progression probably reflects the relatively low
densities of mussels recorded a n d the rapid decline In
prominence of the major modes. Comparisons of the
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Fig. 3. Pernaperna. Size frequency distribution of mussel recruits of 5.5 mm shell
length found in association with filamentous algae on each of the 11 sampling
dates (N indicates the mean density of recruits per 100 cm2 of substratum)

size of plantigrades found on the 2 substrata revealed
significant differences in mean size on just 2 occasions,
October and November 1991. Significant differences
in overall size composition, however, were evident
during these 2 months and on 2 additional occasions
(June and August 1991) (Table 3).

DISCUSSION

Much of the information on the settlement and recruitment of mytilid bivalves pertains to one particular
species, Mytilus edulis. Bayne (1964) observed that recruitment of M. edulis onto mussel beds in the Menai

Strait, north Wales, took place more
than 30 d after the first definite spatfall
on filamentous algae. He also reported
marked differences in the size of recruits; the newly settled plantigrades
found on filamentous algae varied between 250 and 350 pm shell length
whereas most of those recruiting into
mussel beds were 1.0 to 1.5 mm and
none were c750 pm in length. Similar
differences in the sizes of mussels recruiting onto filamentous algae and
mussel beds noted elsewhere in
Britain (Seed 1969, Dare 1976) provided further support for Bayne's
(1964) primary and secondary settlement hypothesis. More recent studies,
however, have shown that, in some
populations of M. edulis, early plantigrades forgo an initial growth phase on
filamentous substrata and settle directly onto adult mussel beds (McGrath
et al. 1988, King et al. 1990). Bohle
(1971) and Kautsky (1982)believe that
the absence of mussels of >400 pm
shell length in the plankton also casts
doubt on the existence of a secondary
pelagic phase.
Comparatively little is known
about the settlement and recruitment
of Perna perna. Carvajal (1969) and
Acuiia (1977) did not distinguish between primary and secondary settlement nor did they. -provide an indication of the size of recruits in their
studies. Previous South African
workers assumed the primary and
secondary settlement hypothesis to
be universally applicable to all

mytilid species. Berry (1978), for example, asserted that primary settlement of P. perna on filamentous substrata was followed by secondary settlement on established mussel
beds. He provided no supporting evidence other than
a comment that hydroids and coralline algae were
heavily colonized by early plantigrades during winter
and spring and that massive settlements resulted in
the attachment of late plantigrades to all available
hard substrata. Crawford & Bower (1983) and Hops
(1990) simply accepted Berry's (1978) assumptions.
The most detailed study hitherto in South African
waters is that of Beckley (1979) who observed that
the majority of P, perna plantigrades found attached
to the alga Gelidium pristoides belonged to the 0 to
5 mm size class.

Lasiak & Barnard: Kecru~tmentof brown mussels

On the Transkei coast the recruitment of Perna perna does not appear to
conform to the primary and secondary
settlement hypothesis. Our results not
only revealed the occurrence of plantigrades of <500 pm shell length amidst
mussel clumps but also showed that, for
most of the study period, there were no
significant differences in the size distribution of recruits found on filamentous
algae and mussel clumps. Although it is
not possible to distinguish post-larvae
which may have settled elsewhere at a
relatively small size, migrated, and
then grown prior to sampling from individuals which have delayed settlement
(King et al. 1990), the fact that the
modal size of the smaller recruits corresponds with the size of metamorphosed
pediveligers (230 pm) given by Siddall
(1980) indicates recent settlement.
These recruits were also of a similar
size to most of those obtained from artificial
aboutsubstrata
4 wk (Lasiak
deployed
& Barnard
for periods
unpubl.).
of
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Perna perna is known to have a pro10
tracted spawning period, lasting from
February to September (Lasiak 1986);
0
consequently a prolonged period of
recruitment was expected, but not one
,
,
,NOCT
= 38.0
9;
,
,N
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g*
extending throughout the entire year.
The fact that plantigrades of <500 pm
shell length occur throughout the year
points to immigration of larvae from
o
stocks elsewhere. As the spawning
0
1
2
3
4
s
0
1
2
3
4
5
periodicities of P. perna populations in
SHELL LENGTH (mm)
adjacent provinces (Berry 1978, Hops
Fig. 4. Pernaperna. Size frequency distribution of mussel recruits of 25 mm shell
1990, Phillips 1990) appear to be similar to that reported in - ~ - ~ ~such
~ ~ k length
~ i , found amidst mussel clumps on each of the 11 sampling dates (Nindicates the mean density of recruits per 100 cmZof substratum)
an explanation seems improbable. In
view of the relatively low densities of
mussels recorded on the natural substrata, the yearDifferences between successive samples represent a
round occurrence of P. perna plantigrades of <500 pm
balance between the number of larvae settling and the
shell length is unlikely to reflect the competitive supsubsequent loss of plantigrades through post-settlement
pression of individuals reported in n~ytilidselsewhere
mortality and growth (Seed & Suchanek 1992). While
(Seed 1969, Kautsky 1982). The occurrence of small
the apparent lack of significant differences in numbers
mussels outside the expected recruitment period
of early plantigrades recorded on filamentous algae and
could, however, reflect a late settlement of post-larvae
amidst mussel clumps may suggest that post-larval
and the suppression of growth during unfavourable
Pernaperna do not discriminate between substrata, the
conditions. The most likely explanation for the apparpossibility of substratum-related differences in rates of
ent discrepancy between the spawning and recruitpost-settlement mortality can not be discounted. Inment periods of P. perna is the ability of mussel larvae
spection of successive samples provided relatively little
to delay metamorphosis for several weeks until they
evidence of modal progression. This either reflects a
come into contact with a suitable substratum (Bayne
high growth rate or a rapid decrease in the prominence
1965).
of modes due to considerable post-settlement mortality.
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Table 3. Perna perna. Results of Mann-Whitney U-tests and Kolmogorov-Smirnov 2-sample tests comparing the size composition
of mussels (0 to 5 mm shell length) recruiting onto filamentous algae and mussel clumps NI: number of recruits found amidst
mussel clumps; N2- number of recrults found on filamentous algae; U-value: the Mann-Whitney test statistic; T-value: maximum
vertical distance between d~stributionfunct~onsrepresenting each sample as determined by the Kolmogorov-Smirnov test
Sample date

N1

N2

U-value

Probability

T-value

Probability

Mar 1991
May 1991
Jun 1991
Aug 1991
Sep 1991
Oct 1991
Nov 1991
Dec 1991
Jan 1992
Feb 1992
Mar 1992

70
92
101
265
325
186
69
156
98
73
110

68
127
234
289
140
29 1
97
150
93
63
300

2332.0
5318.0
10801.0
40840.0
21489.5
33553.5
4015.5
12431.0
4491.5
2032.5
16344.0

0.838
0.257
0.211
0.176
0.342
~0.001'
0.028'
0.345
0.864
0.244
0.883

0 116
0.084
0.159
0.116
0.093
0.259
0.267
0.096
0.097
0.202
0.086

0.754
0.847
0.057 '
0.048'
0.370
< 0.001 '
0.007'
0.483
0.767
0.134
0.590

'Significant at p < 0.1

Hops' (1990) observation that a single cohort recruiting
onto asbestos settlement plates in the Eastern Cape increased in length from 0 . 5 7 mm in July to 1.57 mm by
October suggests that rapid grow-out is unlikely. This
notion is further supported by the observation that juveniles of 5 to 10 mm total length are abundant only during
the summer (Lasiak pers. obs.).
Although the numbers (ca 5 0 0 0 m-2) of Perna perna
found recruiting onto natural substrata were similar to
those recorded on a subtidal reef in Natal, South Africa,
in June 1976, these were considerably lower than the
density of recruits (170 0 0 0 to 2 1 0 000 m-2) Berry (1978)
observed in October 1976. As mytilid bivalves often exhibit spatial and temporal variations in settlement and
recruitment intensity (Suchanek 1985),an assessment of
which of the above recruitment intensities is the more
typical necessitates a long-term monitoring programme. The intense exploitation pressure to which
populations of P. perna in Transkei are currently subjected combined with the likelihood of recruitment overfishing warrants the urgent implementation of such
studies. Consistently low recruitment intensities, as
compared with that of other mytilids, may also explain
such anomalous attributes of P. perna as its lack of competitive dominance and slow recovery from disturbance
(Lambert & Steinke 1986, Lasiak & Dye 1989, Dye 1992).
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