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IntenSity of intertidal mussel recruitment was compared across a range of different spatial and temporal scales 
around the coast of southern Africa between June 1995 and October 1996. Comparison of the east and west 
coasts revealed significantly higher recruit densities on the west coast, corresponding to larger adult densities. 
This difference between the two coasts reflects biogeographic disparities in mussel species composition, growth 
rates and spawning intensities, oceanographic conditions and productivity. Significant spatial variations in 
recruitment were recorded between regions 100-1000 km apart and between localities 1-25 km apart. Results 
suggest that the influence of dispersal processes on recruitment patterns acts at a relatively small scale, and 
may affect the distribution and abundance of adults among shores only a few kilometres apart. The high variabil
ity in recruitment intensities at a scale of metres indicates that larval supply to the shore may be locally patchy, 
or that settlement preferences of recruits may be sensitive to subtle small-scale differences in adult density 
within mussel clumps. Small-scale differences in post-settlement mortality (e.g. owing to patchy predation pres
sure) may also playa role. This small-scale variability in recruitment is likely to reinforce the mosaic distribution 
of mussels evident on many of the shores. Significant temporal variability in recruit density was recorded, both 
between 3-monthly sampling intervals and interannually. Seasonal differences were absent for the north-west 
regions, whereas asynchronous seasonal patterns were displayed in the other regions. Results suggest that 
temporal cycles of recruitment are irregular and episodic, which may have important consequences for the 
dynamics of adults. Significant positive correlations were obtained between maximal recruitment and adult 
abundance, measured by density, or total number of adults on the shore (stock). This could be explained by the 
denSity-dependent role of adult conspecifics in providing suitable settlement habitat, or supply-side recruit limi
tation. These results have important implications for the management of exploited populations of mussels 
around the coast of southern Africa. ExplOitation may influence recruitment success via at least two processes: 
reduction of larval supply by depletion of adult stock, and alteration of habitat suitable for settlement. Thus, over
exploitation will compromise recruitment, which is itself the only mechanism of recovery. The west-coast mussel 
populations are likely to be more resilient to exploitation as recruitment is more predictable over time, stocks are 
larger and recruitment intensities high. This brings into question the present regulations for mussel harvesting 
because, paradoxically, more lenient regulations are applied on the east coast, where stocks and recruitment 
are low, than on the west coast, where biomass, recruitment and potential for recovery are high. 

*"1'0 whom correspondence should be addressed 

I-II 

The relative importance of recruitment processes and adult 
popUlation dynamics in shaping the community structure of 
marine benthic ecosystems continues to fuel debate, and has 
spawned much current interest in the field of 'supply-side 
ecology' (Gaines & Roughgarden 1985; Menge & Farrell 
1989; Holt 1990; Menge 1991; Grosberg & Levitan 1992). 
The paradigm that placed biological factors, such as preda-

tion. competition and herbivory at the centre of population 
regulation and community interactions, has been challenged 
by strong evidence that recruitment processes often control 
adult populations (Grosberg & Levitan 1992) and are major 
detenninants of community structure (Roberts, Rittschof, 
Holm & Schmidt 1991, Eckman 1996). 

Most benthic invertebrates have a pelagic larval stage 
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which contributes to the uncertainty of recruitment. Larval 
supply depends on larval production, and thus on the size and 
condition of the adult population and the impacts of environ
mental variables on spawning (e.g. Starr, Himmelman & 
Therriault 1990; Chase & Thomas 1995). Dispersal intro
duces the influence of oceanographic processes (e.g. Butler & 
Keough 1990; Kingsford 1990), and narrows the odds of safe 
return to adult habitat, inflicting heavy mortality through pre
dation and exposure to unfavourable conditions (Strathman 
1974; Olson & Olson 1989). Integrated, these factors cause 
spatial variation in larval concentrations and in settlement 
patterns (Gaines, Brown & Roughgarden 1985). Once larvae 
have arrived at the adult habitat, settlement is affected by the 
avai lability of suitable substrata (Petraitis 1990; Lohse 1993) 
and a variety of chemical, biological and physical factors 
(Roberts ef ai. 1991; Pawlik 1992; Rodriguez, Ojeda & Inest
rosa 1993). Survival involves running the gauntlet of physical 
conditions (McKillup, Butler & McKillup 1995) and biologi
cal interactions (including density-dependent processes) in 
the adult habitat, which impose a high mortality (Olson & 

Olson 1989). 

Considering the number of perilous steps involved in 
recruitment it is not surprising that dramatic variability in 
recruitment over time and space at a number of different 
scales has been reported for some benthic marine inverte
brates (e.g. Raimondi 1988; Michener & Kenny 1991; Pen
nings 1991; Petraitis 1991; McKillup ef ai. 1995). The extent 
to which this variability is reflected in adult populations 
remains unclear, and the nature and strength of the adult 
(stock)-recruit relationship is an issue of contention. Studies 
suggest that temporal and spatial variability of larval settle
ment and recruitment account for a substantial proportion of 
the variations observed in the distribution and abundance of 
adults (Holm 1990; McShane & Smith 1991; Moreno, Reyes 
& Asencio 1993). Adults potentially influence recruitment at 
three crucial stages; as suppliers of spat, by altering habitat 
availability during settlement (e.g. Nielson & Franz 1995; 
Osman & Whitlatch 1995a, b), and by influencing survival of 
recruits (e.g. Alverado & Castille 1996; Petraitis 1991). 
Examination of recruitment intensity and adult abundance at 
a number of different spatial and temporal scales is required 
to address these questions. 

Supply-side ecology is of particular relevance to the man
agement of exploited benthic organisms (Fairweather 1991), 
because management of harvested populations requires an 
understanding of the nature and magnitude of temporal and 
spatial variability of individuals of exploitable size, which 
may be influenced both by perturbations (e.g. harvesting) and 
by settlement and recruitment processes (fogarty, Sissenwine 
& Cohen 1991). Evidence suggests that alteration of adult 
habitat influences both settlement and recruitment success 
(Hurlbut 1991; Lohse 1993). The implications of a 
stock-recruit relationship for an exploited species are there
fore two-fold: the ability to predict recruitment on the 
strength of stock assessments, and the possibility of a nega
tive feed-back in which a reduction in adult stock influences 
the ability of the stock to recover, by influencing both the 
supply of recruits and survival after settlement. Predicting the 
response of a population to exploitation therefore requires an 
understanding of the magnitUde of recruitment variability, as 
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well as the influence of adult stock depletion on recruitment 
(Fogarty ef ai. 1991; Menge, Farrell, Olson, Tamelin Van & 
Turner 1993). 

Mussels are recognized as key species in structuring com
munities on temperate intertidal rocky shores worldwide 
(Suchanek 1985). Their exploitation therefore has important 
implications for rocky shore community structure and conser
vation of biodiversity, and knowledge about the factors that 
influence their abundance and recovery from exploitation are 
essential for effective management. While substantial infor
mation exists about stock size, growth rates, larval biology 
and physiology of the four species that occur intertidally on 
southern African shores (van Erkom Schurink & Griffiths 
1990, 1992), there is little information on their role in com
munity dynamics and the relative importance of recruitment 
and post-recruitment processes in the temporal and spatial 
dynamics of mussel populations (Griffiths 1981; Crawford & 
Bower 1983; Lasiak & Barnard 1995). In addition, most stud
ies are site specific, or conducted over a short time period or 
in different seasons, reducing their usefulness in understand
ing large-scale variations. 

In this study we examine temporal and spatial variability in 
recruitment of mussels onto intertidal rocky shores around the 
coast of southern Africa, and the relationship between adult 
abundance (stock size) and recruitment intensity. This study 
is part of a 5-year programme to investigate and compare the 
importance of biological and physical factors in regulating 
intertidal community structure, and the implications for man
agement of intertidal marine resources. The execution of 
experiments and monitoring at seven sites around the coast, 
each season over five successive years, provides the opportu
nity to examine variability in natural systems at anum ber of 
temporal and spatial scales. This will allow examination of 
the variability of biological responses around the coast, and 
the effects oflarge-scale geographic differences on processes 
influencing the dynamics of exploited popUlations. Here we 
report on the initial findings of the first year-and-a-half of the 
study, focussing specifically on the results gained by monitor
ing mussel recruitment. 

Materials and methods 

Spatial variability was investigated by estimation of mussel 
recruitment and adult mussel abundance in seven regions 
(100-1000 km apart) around the coast of southern Africa 
(Figure 1). In each region three localities 1-25 km apart were 
selected (except in the Transkei and at Durban where availa
bility of sites necessitated selection of sites closer than I km), 
namely: Badewanne, Langstrand and Mile 4 near Swakop
mund in Namibia (Namibia); Esterhuisen, Island Point and 
Gert Joseph near the Groenrivier mouth on the northwest 
coast of South Africa (Groen); Scarborough, Blouberg Strand 
and Kommetjie on the Cape Peninsula (W. Cape): Kenton, 
Kowie River and Old Woman's River in the Eastern Cape (E. 
Cape); Dwesa North, Dwesa South 1 and Dwesa South 2 
inside the Dwesa Nature Reserve in the Transkei (Transkei); 
Peace Cottage, Mdloti and Newsell in central KwaZu1u-Natal 
(Durban), and Crayfish Point, Zavini and Railway ledges 
alongside the Mape1ane Nature Reserve on the northern Kwa
Zulu-Natal coast (Zulu land) (Table I). All localities were 
selected to represent exposed rock platforms (slope < 30°) on 
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the open coast. The topography of Illost of the rock surfaces 
was smooth, while a variety of rock types were represented. 

The length of rock ledge ranged from 5 km at Groen to 30 In 

in the E. Cape. and the extent of mussel bed on the rock ledge 
at each locality ranged from 3 krn to 20 III (Table I). 

Namibia 

At each of the three localities in each region. a fixed 20 m 
transect in the middle of the intertidal mussel bed parallel to 
the shoreline, and six fixed transects perpendicular to the 
shoreline and intersecting the 20-m transect at 4-m intervals, 
were established. On each sampling occasion the per cent 
cover of mussels in the middle of the mussel bed was esti
mated using 0.5 x 0.5 m quadrats (n ~ 20) at I-m intervals 
along the 20-m transect (hereafter referred to as 'mid-bed 
mussel cover'). The area of the mussel bed and total area of 
mussel cover in the stretch of shore covered by the transects 
was obtained by scoring per cent cover in 0.5 x 0.5 m quad
rats at J -m intervals along the six perpendicular transects 
from the spring low-water mark up the shore until mussel 
cover dropped to < 5% (i.e. to the upper edge of the mussel 
zone), The number of quadrats per transect was used to deter
mine width of the mussel bed and thus to calculate the area 
covered by the mussel bed. For each perpendicular transect, 
the per cent cover was used to estimate the area of mussel 
cover in the 0.5-m strip up the shore. This value was multi
plied by eight to provide an estimate of mussel cover for a 4-
rn section of shore, and the area of mussels for each of the 4-
m sections summed to provide an estimate of mussel cover 
for a 24-m stretch of shore (hereafter referred to as 'area of 

Swakopm~nd Botswana 

KEY: 

South 

Africa 

Sampling regions Q 
Major cities and towns U 

o 
Joha~net;tl<Jrg 

East Cape 

Figure] Map showing the po:;ition of the seven regions under study 

around the coast of southern Africa. 

Table 1 Characteristics of rock ledge at each locality in each region. Topography is described as 
smooth, dimpled (irregularities < S cm deep), rough (ridges> Scm) and cracked (deep fissures> 
10 cm) Aspect indicates the direction towards which the shore faces. Rock type: TM, Q and VC 
Sandstone equals Table Mountain, Quartzitic and Vryheid Complex Sandstone, respectively. 
Slope is approximate 

Rot:k ledge Mussel bed Distance to Il\!xt 

Region I_ocality, length (m) slope (0) rock type topography aspect length (m) locality (krn) 

Namibia Badcwannc 1200 15 Marhle rough. cracks w ROO R.2 

I,angstrand N 2000 10 Granite rough. cracks w 1000 12.6 

Milc4 1500 25 Sandstnne smooth, cracks w 1000 '.2 

Groen Estcrhuizcn 5000 20 'I'M Sandstone s11100th W 3000 6 

Island PI 3000 15 TM Sandstone smooth IV 3000 " 
(ierl Joseph 500 20 TM Sandstone smooth IV 500 16 

W. Cape Blouberg 2UOO 30 TM Sandstone smooth j\\V :'i()() 25 

Kornmetjie 2000 12 'I'M Sandstone smooth IV 1000 25 

Scarborough N 3000 -12 TM Sandstone smooth IV 1000 10 

E.Capc Kenton F 30 0 i\colianitc dimpled SSE 31l 25 

Kowie .10 10 Q Sandstone smooth IV 20 25 

Old Woman's River 50 0 Q Sandstone cracked, pools SIV .10 25 

Transkci Dwcsa S2 50 10 Shale dimpled ,E I (lOO· 01 

Dwesa SI 50 10 Shale dimpled SE 1000* 0.1 

DWl;!sa N 1000* 10 Shale dimpled s,. 1000* 0'::; 

Durban Peace Cottage S 100 10 i\l;!olianitc smooth r 100 15 

Newsdl S 300 Dolerite rough E 300 09 

Mdloti S 40 10 VC Sandstone rough SF 411 (),9 

Zululand Railway 9UO 0 Aenlianite sl1100th E 9()O I R 

Zavini 500 10 Aeolianil!! smooth E _"00 I.R 

Crayfish 4(){) 15 Aeolianite ~mooth E 400 24 

• Owing to a lack of ledg.es with mussel beds, all 3 localities arc within the same 1000 m stretch of coast 
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mussel population'), The total number of adult mussels (> 35 
mm length) in the 24-m stretch of shore was estimated by 
multiplying the area of adult mussel population by the mean 
number of adult mussels per 0,0 I m' (n = 3) (referred to here
after as 'size of adult mussel population'). This estimation 
assumes even adult mussel density across the width of the 
mussel bed, and it is likely that variation in mussel density 
across the bed will result in some Dver- or under-estimation of 
the adult mussel population (stock) size. 

Sampling was conducted at three monthly intervals 
between June 1995 and September 1996 to determine tempo
ral variability and detect any seasonality in mussel recruit
ment and popUlation dynamics. To allow comparison 
between regions, sampling in all orthe regions was conducted 
within a two-month period each season, i.e. winter = June! 
July, spring =- September/October, summer - December/Jan
uary, autumn = March/April. 

On each sampling occasion at each locality. three replicate 
samples of mussels (1-20 m apart) were collected from the 
middle of randomly selected dense mussel clumps within 1m 
of the fixed 20-m transect. All mussels occurring within each 
of three lOx 10 cm quadrats were removed. counted and 
measured to provide the number of adult mussels (> 35 mm 
length) and number of recruits per 0.0 I m2, Recruits were 
defined as individuals of I 10 mm length, and thus included 
post-settlement (late plantigrade) mussels only (Lasiak & 
Barnard 1995). Hereafter, these measures are referred to as 
'mussel density' and 'recruit density', respectively. 

One-way analysis of variance (ANOVA) was used to test 
for significant differences in recruitment on different sam
pling occasions (seasons) in each region (temporal variabi
lity), with data from all the three localities in each region 
analysed together (n = 9) for this analysis. To investigate 
scales of spatial variability, ANOV A was l.sed to test whether 
there were significant differences in maximum mean recruit
ment (during the month in which peak recruitment was 
recorded in each region) between (I) the west and east coast 
(the regions on each coast being analysed together); (2) the 
regions (data from the localities analysed together, n ~ 9); and 
(3) between localities within regions (n = 3). If significant (p 
< 0.05) differences were detected, the ANOV A was followed 
by a Tukey mUltiple range test to allow comparison of means 
(Zar 1984). The relationships between mussel recruit density 
and the various estimates of mussel abundance (mussel den
sity. size of mussel population. area of mussel population, 
mid-bed mllssel cover), in the month of peak recruitment in 
each region. were investigated by simple correlation analysis. 
All statistical analyses were conducted using the Statgraphics 
software package (STSC, Inc. 1985 U.S.A). 

It shou Id be noted that the dominant intertidal mussel spe
cies differ between regions (van Erkom Schurink & Griffiths 
1990; Grifliths, Hockey, Van Erkom Schurink & Le Roux 
1992). In E. Cape, Transkei, Durban and Zululand Perna 
perna is the only abundant species. In Namibia, Scmimylilus 
algosw .. outnumbers the other species but contributes mini
mally to biomass. and the invasive alien A~l'tilus Ralloprovin
cialis is occurring in increasing densities. At Groen and W. 
Cape Aulacomya ater and A1. galloprovinc:ialis are present 
both as adults and recruits in the intertidal. While the recruit
ment pattern for the different species in each region is pre-
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sented, for the purposes of the above analyses the different 
mussel species are treated as one functional group, and adult 
and recruit densities and per cent cover for the different spe
cies are combined. Later papers will deal with interspecific 
differences and interactions in detail. 

Results 

Temporal and spatial variability in recruitment intensity 

Mussel recruits were present in the mussel beds in all months 
sampled in all regions except the Transkei, where no recruits 
were recorded in June and December 1995 and September 
1996 (figure 2). Extreme spatial variation at the regional 
scale was recorded and maximum mean recruit densities 
ranged in magnitude from 5 246.22 (±4 576,71)/0.01 m' at 
Groen to 15.33 (*14.66)/0.01 m' in the E. Cape (Table 2). 
Similarly, the minimum mean recruit density recorded at 
Groen was 616.78 (±580.07)/0.0 I m' compared to zero 
recruitment in the Transkei (Table 2). Recruitment intensity 
differed significantly (ANOVA, p < 0.05) between regions in 

• E 
~ 

o 
a 
~ 

Jun/Jul 
95 

• 
Namibia 

SeplOct OecJJan Mar/Apr Jun/Jul SeplOct 

Month of sampling 
96 

I KEY: _locality 1 WUlocality 2 Dlocality 3 

Figure 2 Mean (± SD) density of mussel recruits per 100 cm 2 of 

adult mussels at each of three localities (1-25 kill apart) in the seven 

regions sampled around the southern African coast at 3-l11onthly 

intervals between June 1995 and October 1996. Occasions \vher~ no 

data exist are represented by 'no datil'. \...-hi1e hlanks indicate thai 

there were no recruits present. Signilkanl differences in rccrui(mcnL 

intensity behveen localities within regions are denoted by 
, (ANOVA, p<II.1I5). 
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Table 2 Mean (± SD) recruit density (number of recruits per 0.01 m') in 
each region at 3-monthly intervals between June 1995 and October 1996 
(n = 9, alternatively (SD)'denotes n = 4, etc.); nd = no data 

Date 

Region Jun/Jul SepiOct Dec/Jan Mar/Apr Jun/Jul Scp/Oel 

Namibia [90.7[ 185.43 965.51 39.25 124.33 "d 
(368.92)' (43855)' (969.76) (16.65) (115.29) 

Groen 2011.67 5246.22 4740.78 3002.00 1227.78 616.78 

(521316) (4575.71) (5125.01) (3051.46) (JJ7J2) (58007) 

W. Cape 34.11 58.89 105.00 54.22 415.44 2J 1.11 

(30.39) (24.91) (94.35) (23.14) (44378) (185.60) 

E. Cape 900 6.89 12.22 15.33 1.78 6.78 

(8.75) (662) (13.07) (1406) (2.64) (955) 

Transkei 0.00 0.33 0.00 25.25 39.00 000 

(000)' (0.71) (0.00) (824)' (283)2 (000) 

Durban 083 2J.78 6.33 340 9.56 JJIJ 
(O.75)U (22.84) (5.70) (313)' (5.83) (41.89)" 

Zululand 11.67 13.78 2.11 1. 1 1 5.89 285.67 

(9.41) (19.59) (2.03) ( 1.36) (4.68) (224.42) 
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all seasons sampled except winter 1995 (June/July), a period 
of medium recruitment intensity in all regions (Table 3). In 
the months sampled between September 1995 and July 1996 
mean recruitment intensity was significantly higher in the 
Groen region than in all other regions. Significant within
region differences, between localities }-25 km apart 
(ANOYA, p < 0.05), were obtained in all regions (Figure 2), 
although significant variability was not detected on the 
majority of sampling occasions. In the Transkei, no signifi
cant differences in recruitment intensity between localities 
was detected, possibly reflecting the fact that these localities 
were closer together than in the other regions. These results 
suggest that spatial variability in recruitment is very high, and 
is significant at both the regional (100-1 000 km) and local 
(I -25 km) scales. 

Table 3 ANOYA and Tukey range test results showing 
significant regional and temporal (seasonal) differences 
in recruitment of mussels around the coast of southern 
Africa. Identical letters (a, b) indicate no significant differ
ences (p < 0.05) between regions 

Significant temporal variability in recruitment intensity 
(between 3-monthly sampling periods) was observed in most 
regions (ANOY A, p < 0.05, Table 3), although clear seasonal 
patterns of recruitment did not emerge for all regions (Figure 
2). No seasonal pattern of recruitment was apparent in 
Namibia, Groen, and E. Cape. Significantly higher recruit
ment (ANOYA, p < 0,05) was recorded in autumn and winter 
in the Transkei in 1996, and in winter and spring in the W. 
Cape in 1996, while recruitment peaks occurred in spring in 
both 1995 and 1996 in Durban and Zululand. Peak recruit
ment over the period sampled was recorded in December 
1995 in Namibia, in September 1995 in Groen, July 1996 in 
W. Cape, March 1996 in E. Cape and March 1996 in Transkei 
(Table 2). Significant interannual differences (ANOY A, p < 
0.05) were obtained in the W. Cape, Transkei, Durban and 
Zulu land, corresponding to the month of peak recruitment 
and reflecting the substantially higher recruitment pulse 
recorded in 1996 compared to 1995 in all these regions. 

To compare recruitment intensity between regions, the 
month of peak recruitment over the period sampled was 
selected for each region and data for the three localities 
pooled (Figure 3). Highly significant differences in maximum 
recruitment intensity (ANOYA, F ~ 9.357, df58, P < 0.01) 

(a) Regional differences 

Sea.~on 

JUIl/Jul SeplOet Dee/Jan Marl Apr Jun/Jur Sep/Oct 

95 95 95 96 96 96 

ANaYA 

F-ralin 0.998 11091 7449 7523 14.41 5.705 

df 51 60 61 56 58 47 

p (sig. level) 0.438 0.000 0.000 0000 0.000 0.000 

Tukey test 

Namibia 

Groen 

W. Cape 

E. Cape 

Transkei 

Durban 

Zululand 

a 

a 

a 

a 

a 

a 

a 

b 

a 

a 

a 

a 

(b) Temporal differences 

Namibia Groen 

ANOYA 

3 . .154 2.253 

df 39 53 

p(sig. level) 0.020 0.064 

Tukey test 

Jun/Jul95 

Sep/Oet 95 

DeelJan 95 

Mar/Apr 96 

JunlJul 96 

ah 

ab 

b 

ah 

a 

a 

a 

a 

a 

a 

Sep/Oet 96 no data a 

a a 

b b 

a a 

a a 

a a 

a a 

a a 

Region 

a 

h 

a 

a 

a 

a 

a 

no data 

b 

ab 

a 

a 

a 

ab 

W.Cape ECapc Transkci Durban Zululand 

5.249 1990 12.171 14.838 13.776 

53 53 3M 43 53 

0.00 1 0097 0.000 0.000 0.000 

a a a a a 

a a ab a a 

a a ab a a 

a a e a a 

h a ae a a 

ab a ab b b 
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Figure 3 Comparison of maximum mean (± SD) recruitment 
recorded between June 1995 and October 1996 in the different 
regions around the southern African coast (n := 9). 
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Zululand 1 
Jun/Jul Sep/Oct DedJ.., Mar/Apr Jun/Jul Sep/Oct 
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KEY: • P perna ~ S. algosus 0 M gafloprovincialis 

EI A. afer • Unidentified 

Figure 4 Mean (± SD) density of individual species of mussel 
recruits per 100 cm2 of adult mussels at each of the seven regions 
(100-1 000 km apart) sampled around the southern African coast at 
3-monthly intervals bet\vcen June 1995 and October 1996, Occa
sions where no data exist are represented by 'no data', while blanks 
indicate that there were no recruits present. Refer to Table 2 for 
number of samples per region. 

were found between regions, with recruitment intensity at 
Groen an order of magnitude higher than in any other region. 
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Maximum recruitment intensities in the E. Cape and Transkei 
were similar and extremely low, and that in Durban was also 
much lower than in the other regions investigated (Figure 3). 
Furthermore, maximum recruitment intensity on the west 
coast (Namibia, Groen and W. Cape combined) was signifi
cantly higher than on the east coast (data from all east coast 
regions combined) (ANaYA, F- 12,178, df58,p < 0,01), 

Whereas only P. perna recruits were" present in all east 
coast regions, both M. gallopruvincialis and A. aler were rep
resented at Groen and in the W, Cape (Figure 4), In the W, 
Cape similar recruit densities and temporal patterns of settle
ment for the two species were obtained, and thus the patterns 
described above are reasonable for the individual species. At 
Groen A. aler recruits occurred in much higher densities than 
did those of lvl. gal/uprovincialis, and the intensity of recruit
ment and temporal pattern described above can thus largely 
be attributed to A. aler. In Namibia the dominant species rep
resented by the recruits were P. perna and S. algusus. P. 
perna exibited minimal seasonal differences, while S. ul:;;oslis 
displayed a peak in summer. The difficulty experienced in 
this study in distinguishing recruits of the different species 
however obviates clear conclusions about the seasonality of 
their recruitment in this region. 

Adult-recruit relationship 

The abundance of adult mussels at the time of maximum 
recruitment was compared between regions. Adult abundance 
expressed as density (numbers/O.O I m'), per cent cover, or by 
population size (area and number of mussels on the 24 m 
length of shore). varied significantly (ANaYA, p < 0.05) on 
the scale of 100 km, i,e. between regions (Table 4), Mussel 
abundance was signit1cantly higher (ANaYA, p < 0,05) in 
Namibia and at Groen than in the W. Cape and the east coast 
regions (Figure 5), 

Analysis of the means of recruit density and adult abun
dance per locality from all regions during the period of maxi
mum recruitment, revealed positive stock-recruit relation
ships with significant correlations between recruitment inten
sity and adult density, as well as the size of the adult mussel 
population (numbers) during the period of maximum recruit
ment (Table 5). However, no significant correlations were 
obtained between recruitment intensity and adult abundance 
as estimated by per cent cover in the middle of the mussel 
bed, or by area of mussel bed on the shore, 

Discussion 

Recent studies of intertidal and subtidal benthic systems sug
gest that the biological and physical processes influencing 
variability in recruitment patterns operate across multiple 
temporal and spatial scales. Conclusions concerning the 
coupling of recruitment and adult dynamics and community 
structure, and the geographic generality of interactions, con
sequently require that a number of scales be examined 
(Menge 1991; Michener & Kenney 1991; Ebert e/ ar 1994), 

Spatial variability 

The high spatial variability in mussel recruitment recorded 
between regions (scale of 100-1 000 km) and within regions 
(scale of 1-25 km) (Figure 2) mirrors the findings for a 
number of other intertidal (Caffey 1982; Michener & Kenny 
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Table 4 ANOVA and Tukey range test results showing 
Significant differences in adult (> 35 mm) abundance of 
mussels in the different regions around the coast of 
southern Africa. Identical letters (a, b) depict no signifi
cant differences (p < 0.05) between regions 

Mussel Mid-bed Area of mussel Size of mussel 

density mussel cover population population 

ANOVA 

F-ratio 15.96 3Q.42 4.94 30.48 

df 58 419 20 19 

p (sig. level) 0.000 0.000 0.007 0.000 

Tukey test 

Namibia a a a a 

Groen a a ab b 

W. Cape b b ab c 

E. Cape b b b c 

Transkei b b b c 

Durban b b b c 

Zululand b c b c 

Table 5 Results of correlation analyses between maxi-
mum recruitment intensity and adult mussel abundance 
(data from all regions combined). The si.gnificance level 
is depicted by • (p < 0.05) or" (p < 0.01) 

r (correL p (sig. 

Correlations n coeff.) level) 

Recruit density (number ofrecruitsJO.Ol m2) 
versus: 

Mussel density (number ofadults/O.Ol m2) 63 0.437 O.OOOu 

Mussel density (number of adults/O.a 1 m2; 
means for localities) 21 0.483 0.027* 

Mid-bed mussel cover (%) 21 0.315 0.165 

Area of mussel population (m2/24 m shore) 21 0.378 0.091 

Size of mussel population (number of adults! 

24 m shore) 2} 0.502 0.020' 

1991) and subtidal benthic invertebrates (McShane & Smith 
1991; Pennings 1991). While the substantial regional differ
ences may, in part, be explained by asynchronous recruitment 
patterns around the coast, comparison of recruitment inten
sity in the period of maximal recruitment in each region still 
revealed clear differences, spanning three orders of magni
tude, among regions (Figure 3). Maximum recruitment in 
Namibia, W. Cape and Zululand were an order of magnitude 
lower than at Groen, and those in the E. Cape and Transkei 
were yet another order of magnitude lower. 

The regional differences in recruitment intensities are of 
relevance in understanding the degree to which recruitment 
influences the large-scale differences in community structure 
observed around the coast of Southern Africa (Bustamante, 
Branch & Eekhout 1996). Menge (1991) found that where 
recruitment density is low its importance in influencing the 
structure of intertidal communities was amplified. Spatial dif
ferences in recruitment intensities may therefore affect the 
relative importance of recruitment compared to post-recruit
ment processes such as competition and predation. The highly 
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Figure 5 Comparison of adult mussel abundance in the seven 

regions during the month of maximum recruitment (three localities 
combined). Mussel density is expressed as number of mussels per 

0.01m2 (n= 9), mid-bed mussel cover is mean per cent mussel cover 
in middle of mussel bed (n = 60), area and size of mussel popUlation 
are expressed respectively as m2 and number of mussels in a 24-m 

stretch of shore (n = 3). 

significant difference in recruitment intensity between the 
east and west coast (at a scale of> 1 000 km apart), (Figure 
3), suggests that recruitment is likely to playa very different 
role on the west coast, compared to the east coast, where 
recruit densities are an order of magnitude lower. 

The smaller-scale variability in recruitment between locali
ties within regions is of interest with regard to the role played 
by recruitment in the distribution and abundance of mussel 
populations along fairly homogenous stretches of coastline. It 
could explain the disjoint distribution of some mussel popula
tions and the large differences in mussel abundance between 
shores only a few kilometres distant, even when they do not 
discernably differ physically (Harris, pers. obs.). This sug
gests that recruitment may exert a significant influence on 
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adult distribution and abundance, and may act at scales as 
small as a few kilometres, delivering larvae differentially to 
adjacent shores only a short distance apart. Topical in the lit
erature at present is the issue of the range of larval dispersal 
(Strathman 1974; Menge et al. 1993), and there is some evi
dence that supply distances in many benthic invertebrates are 
much shorter than previously assumed (Butler & Keough 
1990), with larvae becoming entrained in very localized cir
cular current systems (Dye, pers. comm.). Consequently 
stock and recruit may be more closely coupled than previ
ously thought. 

Furthermore, the patchy distribution of mussels within 
some shores, with mosaics typically developing (Paine & 
Levin 1981; Tokeshi & Romero 1995; Hunt & Scheibling 
1996), is likely to be enhanced by the highly variable recruit
ment recorded over the beds in the current study_ There is evi~ 
dence that mussel recruits preferentially setr[e in adult clumps 
(e.g. Petraitis 1990; Hunt & Scheibling 1996). However, the 
fact that such high small-scale variability in recruitment was 
obtained even when considering this single substratum sug~ 

gests that loca[ adult population characteristics (density, size 
structure, etc.) may influence recruit settlement or survival. 
The ability of larvae to orientate and position themselves on 
the shore and to select preferred substrate has been well dem
onstrated (e.g. Pawlik [992; Minchinton & Scheibling 1993; 
Lemire & Bourget 1996), as has improved survival of recruits 
on conspecifics (Nie[son & Franz 1995). However, our obser
vations may simply reflect uneven dispersal of larvae on the 
shore at the scale of metres, as high variability in larval con
centrations in the water at small scales has also been reported 
for some benthic invertebrates (Gaines et al. 1985). 

Consistent large-scale regional differences in settlement of 
benthic organisms may reflect regional differences in physi
cal conditions, biological factors (mortality/growth) or con
straints on larval exchange by physical oceanographic pro
cesses (Ebert, Schroeter, Dixon & Ka[vass 1994). When con
sidering the reasons why recruitment is much higher on the 
west coast than the east coast, a number of fundamental dif
ferences between the two coasts should be noted. The much 
higher productivity of the waters of the west coast compared 
to the east coast (Branch & Griffiths 1988; Bustamante et 01. 
1995) could have profound effects on recruitment, as it may 
influence both [arval supply and survival. Invertebrate spawn
ing (Starr et al. 1990; Bertness, Gaines, Bermudez & Sanford 
1991) and prevention of larval starvation (Sale 1990) have 
both been coupled with nutrient availability and phytoplank
ton blooms. Furthermore, the disparate oceanographic condi
tions on the two coasts (Branch & Griffiths 1988, Emanue[ et 
af. 1992) may influence recruitment intensities on the east 
versus west coasts: factors such as temperature have been 
shown to affect recruitment (Kingsford 1990). The two coasts 
also differ in terms of the species of mussels that predomi
nate, each with different biological attributes. Differences 
between the species may influence larva[ supply (reproduc
tive output, growth rate, age to maturity) as well as settlement 
(substrate preferences) and recruit survival (density-depend
ent effects, early mortality and growth). Growth rates may be 
a factor in the present study as they are reported to be very 
variable and affected by region (van Erkom Schurink & Grif
fiths 1993). For example, a lower growth rate may influence 
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competitive dominance and thus reduce availability of adult 
substrate for recruits which settle preferentially among adults. 
However, the spawn rates of the four species of mussel inves
tigated in the present study (measured as kg wet mass of 
gametes/m'/year) are not markedly different (van Erkom 
Schurink & Griffiths [99 [) when measured at the same [oca[
ity. Thus spawn rate could be a factor only if there is signifi
cant intraspecific spatial variation, for which insufficient 
information currently exists. 

The question of whether the enhanced recruitment on the 
west coast is due to a greater biomass of mussels on the west 
coast requires examination. Van Erkom Schurink & Griffiths 
([ 990) noted that most of the southern African mussel bio
mass occurs on the west coast (69%), while relatively small 
stocks are present in the Transkei (4%) and Nata[ (7%). At the 
specific sites investigated in the present study (Figure 5), 
mussel abundance was also highest in two of the west coast 
regions, Groen and Namibia, but the third west coast region 
(W. Cape) supported stocks of similar magnitude to those on 
the east coast (Durban and Zululand), suggesting that the re[a
tionship between adult stock size and recruitment intensity is 
not entirely straightforward. 

We examined adult abundance in four different ways: i.e. 
density of adults in established clumps, per cent cover of 
mussels in the middle of the mussel bed, and total adult stock 
on the shore, expressed either as the area of shore covered or 
by total number of mussels. Of interest are the significant 
positive correlations between recruitment and within-dump 
density (Tab[e 5). Higher adult densities were recorded on the 
west coast compared to the east coast (Table 4), reflecting the 
pattern obtained for recruitment. This suggests that den
sity-dependent effects and adult habitat complexity contribute 
sigllificantly to the differences in recruitment intensity around 
the coast. The size of the adult mussel populations in this 
analysis is a function of density within mussel clumps on the 
shore and the area of shore that the mussel clumps cover. The 
significant relationship between stock size and recruit density 
suggests that recruitment may be limited a priori by larval 
supply, and that regions with very low adult abundance may 
experience recruitment limitation. This appears to be the case 
in Transkei, where severe depletion of stocks outside reserve 
areas (Lasiak & Dye [989) may be coupled with very low and 
intermittent recruitment. The lack of correlation between 
recruitment and either area of mussels on the shore or per cent 
mussel cover (Table 5) may be related to the fact that area is 
not a good measure of total mussel abundance. Adu[t density 
on the west coast is greater, since mussels are packed in mul
tip[e [ayers, while on the east coast this is seldom the case. 
This is not a species-specific phenomenon, because P. perna 
forms multi-layered hummocks on the west coast, and 
mono-layered clumps on the east coast. Thus, independent of 
the species involved, mussel beds on the west coast provide 
more sheltered and more complex settlement habitats than on 
the east coast (see Petraitis 1991). 

There is ample evidence that settling benthic larvae show 
substratum preferences (e.g. Petraitis 1990; Caceres-Marti
nez, Rob[edo & Figueras 1994; Hunt & Scheibling [996; Rai
mondi 1988; Lohse [993), and that adult conspecifics influ
ence the settlement and survival of recruits by providing a 
protected habitat (Nie[son & Franz 1995). Adu[t conspeciflcs 
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may. however. also have a negative impact, for example by 
consumption of gametes and larvae (Osman & Whitlatch 
1995a, b). While these results suggest that adult stocks may 
significantly influence recruitment around the coast of south
ern Africa, the converse influence of recruitment on reinforc
ing adult abundance patterns should not be overlooked. A 
number of studies provide evidence that recruittnent pro
cesses control the distribution and abundance of adults (But
ler & Keough 1990; Grosberg & Levitan 1991; McShane & 
Smith 1991; Menge 1991). 

Temporal variability 

While a number of studies have examined temporal variations 
in the recruitment patterns of mussels around the coast of 
southern Africa, most were conducted for only one year and 
there are no published long-term records of recruitment at 
more than one temporal scale (months and years) for more 
than two consecutive years for anyone species at any site 
(e.g. Griffiths 1977; Lasiak & Barnard 1995; van Erkom 
Schurink & Griffiths 1991). Thus. we know very little about 
interannual variability and the frequency and predictability of 
recruitment peaks. 

In the present study. no clear seasonal patterns of recruit
ment intensity were found in Namibia and Groen, while the 
other west-coast region (W. Cape) experienced recruittnent 
peaks in autumn and winter. At Groen and W. Cape the adult 
mussel populations are dominated by two co-existing species, 
i.e. Mytilus galloprovincialis and Aulacomya ater. Previous 
studies have reported asynchronous, intermittent settlements 
of Choromytilus meridionalis and A. ater on the west coast, 
with both species displaying protracted seasons of maximum 
recruitment, principally during spring and summer (Griffiths 
& King 1975; Griffiths 1977; van Erkom Schurink & Grif
fiths 1991). Mylilus gal/oprovincialis recruittnent is also 
reported to occur over two protracted seasons (summer and 
winter), but these are not synchronous with those of the other 
two west coast species (van Erkom Schurink & Griffiths 
1991). However, the lack of a seasonal pattern of mussel 
recruitment for Groen does not appear to be explained by the 
combination of recruits of the two dominant species in the 
analyses of the present study because both species displayed 
similar recruitment trends, albeit much higher intensities by 
A. aler (Figure 4). The two species present on the W. Coast, 
U galloprovincialis and A. ater, exhibited similar seasonal 
recruitment patterns. 

The lack of seasonality in recruittnent intensity in Namibia 
is interesting, considering that the dominant adult mussel spe
cies, Perna perna, is reported to display clear seasonal peaks 
on the east coast, at least in years when measurable recruit~ 
ment occurs. Our east coast results support previous reports 
of recruitment peaks for P. perna in spring and winter (Lam
bert & Steinke 1986; Lasiak 1986; Lasiak & Dye 1989; van 
Erkom Schurink & Griffiths 1991; Lasiak & Barnard 1995; 
Tomalin 1995; Harris unpub\. data), although the season may 
extend into summer on occasions (Crawford & Bower 1983; 
Lasiak & Dye 1989). In Namibia it appears that recruitment 
by S. algosus overshadows that of P. perna. although no clear 
seasonal trends were detected in the present study for the lat
ter species (Figure 4). The radically different oceanographic 
conditions between the east and west coasts are the most 
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likely explanations for the different temporal patterns exhib
ited by P. perna. 

In most of the regions sampled there were significant tem
poral variations between sampling periods (three months) as 
well as between years. with recruitment being higher in 1996 
than in 1995. Large differences in recruitment intensity 
among years have been reported for other intertidal mussel 
species (e.g. Petraitis 1991), and seasonal patterns of settle
ment are subject to a high degree of temporal variability in 
many benthic marine invertebrates (Hurlbut 1991; Michener 
& Kenny 1991; Pennings 1991; Roberts el al. 1991). In gen
eral, recruitment on the west coast was more consistent, pos
sibly just because it is much higher. but also because there is 
protracted spawning, whereas on the east coast recruitment is 
confined to specific seasons. However, intennittent and irreg
ular settlements appear to characterise the recruitment pat
terns of the mussels both on the east and west coast (Griffiths 
1981), particularly on the east coast (Berry 1978) where mas
sive settlements occur sporadically. The importance of epi
sodic recruitment events in community structure and 
dynamics of populations is highlighted by Reed. Laur & Ebe
ling (1988). Large flushes of recruitment may also affect the 
way recruitment processes operate. For example, small-scale 
settlement preferences of barnacles are masked when there is 
a massive settlement (Minchinton & Scheibling 1993). 

Management implications 

Understanding the relationship between exploited popula
tions and their probable recruitment in subsequent years 
fonns the cornerstone of models used to set harvest levels 
(Fairweather 1991). Thus, from the perspective of managing 
exploitation of mussels. the spatial and temporal variability in 
recruitment reported in this study have important implica
tions. The clearest patterns to emerge are: (I) much higher 
recruitment on the west than the east coast; (2) considerable 
spatial variability at smaller scales varying from 10-100 km 
down to 1-10 m; (3) seasonal and interannual differences in 
recruitment intensities in the different regions; and (4) 
recruitment is correlated with adult density and stock size but 
not cover. The main factors likely to explain these patterns 
are larval supply, survival during dispersal (food. physical 
conditions), and conditions in the adult habitat (substrate 
availability for settlement and survival). While managers can
not readily influence survival during the larval dispersal 
phase, they are responsible for managing the harvesting of 
adults. Harvesting may reduce adult stocks to the point where 
larval supply is compromised, or may alter adult habitat, with 
consequences for the settlement and survival of recruits (Sale 
1990). The different stock sizes and recruitment rates in the 
different regions must influence the vulnerability of the popu
lations to harvesting, because those regions with very low 
biomass will be closer to recruitment failure considering the 
significant stock-recruit relationship recorded. Whether the 
underlying cause is because the supply of larvae is depressed. 
or because suitable adult habitat becomes limiting is immate
rial. 

Resilience of populations to exploitation depends on 
whether negative or positive feedback processes exist (Foga
rty et al. 1991). The high small-scale variability in recruit
ment between shores at the scale of kilometres suggests a 
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vulnerability to smail-scale/local perturbations if a reduction 
in the adult stocks leads to a reduction in suitable habitat for 
settlement. Such effects may be particularly acute in the case 
of intense harvesting which causes fairly large-scale decima
tion of populations) and may have long-lasting consequences 
if there is patchy and localised dispersal of larvae to shores 
only a few kilometres apart. Taken collectively, our results 
therefore indicate that the mussel populations on the east 
coast are more vulnerable to harvesting effects on recruit
ment, because of the low stock sizes and relatively low 
recruitment levels and, possibly, also because of greater tem
poral variability and seasonality. 

This raises a legislative anomaly highlighted by Griffiths & 
Branch (in press). Despite the fact that the east-coast stocks 
are more vulnerable and more heavily exploited than those on 
the west coast (van Erkom Schurink & Griffiths 1990; Toma
lin 1993), legislation there is more lenient: 50 mussels may be 
harvested per person per day on the east coast, but only 25 on 
the west coast. 

The other important management issue that needs to be 
pursued further is whether adult mussels do indeed enhance 
settlement and survival of recruits. If this does prove to be the 
case, then the mode of harvesting becomes critical. 
Strip-removal with a large implement may be efficient in 
terms of short-tenm yield, but will destroy the adult mussel 
beds which promote recruitment, and is therefore not sus
tainable. Smaller implements may allow more selective 
removal of individual large mussels, preserving the integrity 
and complexity of the mussel beds. Implementation of such 
refinements will require more than legislation: education and 
co-operation of harvesters will be imperative. 
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