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ABSTRACT. Factors affecting the recruitment of a colonial ascidian, Pseudodistoma novaezelandiae 
(Brewin), were investigated in a rocky subtidal habitat at Leigh, New Zealand. The presence of coralline 
algal turf enhanced recruitment both in natural conditions, when standardized against adult abun- 
dance, and also in an experiment in which algal turf was removed. Removal of the large gastropod 
Cookia sulcata (Gmelin) and the echinoid Evechinus chloroticus (Val.) had no effect on recruitment. 
Recruits were aggregated on 2 spatial scales, tens of metres and - 1 m; the degree of aggregation 
changed over the recruitment season, and varied according to the presence or absence of algal turf. 
Recruits occurred only in the vicinity of the highly localized populations of adult ascidians, separated by 
100 m or more. Within these populahons, however, on a scale of tens of metres, numbers of recruits were 
not correlated with adult abundance. 

INTRODUCTION 

Colonial ascidians occur extensively in marine, hard- 
bottom habitats (Buss 1979, Russ 1980, Ayling 1981, 
Bak et al. 1981, Dean 1981, Grosberg 1981, Kay & 
Keough 1981, Shin 1981, Connell & Keough 1985, 
Sebens 1985) but, despite this prominence, few field 
experiments have focussed on factors affecting their 
distribution and abundance (Gulliksen & Skjaeveland 
1973, Schmidt & Warner 1984, Olson 1985, Young 
1985, Stocker & Bergquist 1986). In particular, there is a 
conspicuous lack of information on recruitment of colo- 
nial ascidians (Russ 1980, van Duyl et al. 1981, Olson 
1983, 1985), although it is now widely recognised that 
early demographic processes may be important in 
determining patterns of adult abundance in sessile 
invertebrates (e.g. Grosberg 1982, Keough 1983, 
Underwood & Denley 1984, Connell 1985, Gaines et al. 
1985). This lack may be partially attributable to the 
generally low levels of recruitment of ascidians (Osman 
1977, Keough 1983), making statistically powerful field 
experiments difficult. 

Results from studies on a variety of invertebrates 
indicate that recruitment, and hence potentially the 
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distribution and abundance of populations, can be 
influenced by a host of factors. These include: physical 
disturbance (e.g. Osman 1977, Connell & Keough 
1985); predation (e.g. Day 1977, Russ 1980, Keough 
1984); the presence of conspecifics (e.g. Young & 
Braithwaite 1980, van Duyl et al. 1981, Schmidt 1982, 
Keough 1983, Benayahu & Loya 1984, Jensen & Morse 
1984); and the presence of sessile xenospecifics. The 
latter can enhance recruitment by virtue of their physi- 
cal structure (e.g. Russ 1980, Dean 1981, Keough & 
Downes 1982, Eckman 1983, Schmidt 1983, Benayahu 
& Loya 1984, Peterson 1986). In addition, the above 
factors may interact in complex ways (Russ 1980). 
Recruitment may also vary over many spatial scales 
(Keough & Downes 1982, Keough, 1983, Caffey 1985, 
Butler 1986), often depending on larval availability 
(Hawkins & Hartnoll 1982, Kendall et al. 1982, Gaines 
et al. 1985, Connell 1985). 

The present study describes the recruitment patterns 
of an abundant sessile invertebrate, the subtidal colo- 
nial ascidian Pseudodistoma novaezelandiae (Brewin). 
Numbers of recruits in areas where coralline algal turf 
was naturally present or absent were monitored to 
determine the distribution of recruits in space and time. 
A 3-factor experiment examined the effects of coralline 
algal turf and of grazing by invertebrates on recruit- 
ment, and measured spatial variability in recruitment. 
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Throughout this paper, the term settlement is used to 
refer to attachment and metamorphosis of organisms, 
whereas recruitment refers to settlement together with 
any post-settlement mortality occurring until the time 
of observation (following Keough & Downes 1982). 

MATERIALS AND METHODS 

Study sites. The work was done on the open coast at 
Leigh, New Zealand (36" 15' S, 174" 48' E), on the 
northwestern side of Goat Island, at 2 sites: inner North 
Reef and D Buoy. North Reef is more exposed than D 
Buoy, but in other respects the sites are similar. They 
are 100 m apart in shallow water (3 to 6 m), in an area of 
large sandstone boulders scattered over a greywacke 
bedrock. The large, herbivorous, grazing gastropod 
Cookia sulcata (Gmelin), the omnivorous sea urchin 
Evechinus chloroticus (Val.), and coralline algae, some- 
times underlain by a layer of the barnacle Balanus 
trigonus Darwin, are abundant. Pseudodistoma 
novaezelandiae is a bright orange, gelatinous colonial 
ascidian attaining 15 cm diameter, with numerous 
mushroom-shaped lobes. It covers up to 20 % of prim- 
ary space at  each site but varies seasonally in abund- 
ance (Stocker & Bergquist 1986). 

Natural populations. At D Buoy 20 permanent 1 m2 
quadrats were established by marking the corners with 
plastic tags. Ten of these were on boulder-tops which 
had a low percent cover of coralline algal turf, and 10 
were on flat areas among the boulders which had a 
high cover of algal turf (hereafter 'turf-flats'). The posi- 
tions of the quadrats were not random; the quadrats 
were placed haphazardly where cover of Pseudodis- 
toma novaezelandiae was > l 0  colonies m-2 (- 3 O/O 
cover). At 6 wk intervals numbers and sizes of all 
colonies, including recruits, in each permanent quadrat 
were recorded. Colony size was measured as the 
number of lobes in an adult colony. 

Larvae are - 3  mm in length (Stocker pers. obs.). 
Although settlement was not actually observed, we 
assume that newly metamorphosed individuals would 
be immediately visible as recruits. The end of the 
recruitment phase for a colony was taken to be the time 
at which it began to develop a second lobe. Single- 
lobed recruits could contain up to 10 zooids, and were 
readily distinguished from other single-lobed (e.g. split 
or diseased) colonies by virtue of their delicate, trans- 
parent test with the orange pigment still rather pale. 

Experiment. The experiment was done at North 
Reef. It tested the interactive effects of the presence of 
coralline algal turf and grazing invertebrates, and mea- 
sured the spatial variability in recruitment of 
Pseudodistoma novaezelandiae among boulders. 

Twenty boulders were chosen haphazardly from a 

population of flat-topped boulders > 2 m diameter and 
bearing Pseudodistoma novaezelandiae (mean = 9.1 % 
cover, SE = 5.6, n = 100). A 1 m2 plot was established on 
top of each boulder and 4 replicate settlement quadrats, 
25 X 25 cm2, were marked within the plots. The quadrats 
themselves contained no P. novaezelandiae colonies. 
An ancilliary test (Stocker 1986) confirmed field obser- 
vations that large benthic feeding fish were not preda- 
tors on P, novaezelandiae recruits; invertebrate grazers 
were the only agents of mortality considered. Half of the 
boulders had the natural density of invertebrates roam- 
ing over them: echinoids at a mean density of 8.8 m-2 
(SE = 5.6, n = 20) and Cookia sulcata at a mean density 
of 3.2 (SE = 0.8, n = 20). We manually removed the 
invertebrates twice per week from the remaining boul- 
ders, because cages have proved so dubious in the 
degree to which they simulate the absence of predators 
in this (Stocker 1986) and other (Hulberg & Oliver 1980, 
Schmidt & Warner 1984) systems. This time interval was 
observed to be sufficiently small to keep the boulder- 
tops free of grazers; the sides of the boulders acted as a 
buffer zone. On 5 of the boulders with urchins and on 
5 without, all of the erect biota, which were mainly 
coralline algal turfs, were removed with a sledgeham- 
mer and a knife from the replicate quadrats. This treat- 
ment left a mosaic of bare rock and encrusting coralline 
algae, not unlike that found in natural situations in the 
same habitat. The remaining boulders were left com- 
pletely untouched. Thus the factors Grazers and Algal 
Turf were orthogonal each with 2 fixed levels; Boulders 
was a random factor and nested within the interaction oE 
Grazers X Algal turf. The number of recruits in each 
quadrat was counted at 6, 12, and 18 wk after the 
experiment was established. 

Spatial dispersion patterns of recruits were analysed 
in 2 ways. For the analysis of among-quadrat dispersion 
in the experiment, a mean density (F) and a variance (S) 

were available for each boulder. We were therefore able 
to apply Taylor's method (Taylor 1961, Elliott 1971) in 
which loglo s2 is regressed on logloK. The intercept of the 
regression line is related to the size of the sampling unit, 
and the slope of the line (regression coefficient) is an 
index of dispersion (Elliott 1971). A regression coeffi- 
cient of 1 indicates that the population is dispersed 
randomly. A coefficient < 1 indicates regular dispersion, 
and > 1 indicates aggregation. Quadrats with no 
recruits were excluded from the analysis. Downing 
(1986) has recently pointed out that the regression 
coefficient can vary systematically with the number of 
samples taken and the ranges of means considered. To 
avoid the introduction of artefact, Downing suggested, 
coefficients should be compared only when similar 
levels of replication and ranges of means are used; these 
criteria were met in the present analysis. 

Dispersion among boulders in the experiment and 
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among permanent quadrats was described with Mori- 
sita's Index of Dispersion (Ih) (Morisita 1959, Taylor 
1961): 

n [(Ex2) - EX] 
I* = (1) 

( Z X ) ~  - EX 

where n = no, of sampling units (i.e. boulders or perma- 
nent quadrats; I x  = total no. of recruits in the sample. 
Quadrats with different numbers of recruits were com- 
mensurate because I h  is independent of the sample mean 
and of the total numbers in the sample (Elliott 1971). 
Morisita's Index ranges between 1 - [ (n  - l) /(Zx - l ) ]  
for maximum regularity through 1 for random up ton for 1983  

maximum contagion. Departures from randomness are 
significant when: 

60- b 
0 

I& (XX - 1) + n - Zx (2) 5 f So- 

is outside the appropriate significance levels of X2 for 
n -  1 degrees of freedom (Elliott 1971). 

Percent cover of adult colonies was measured with a 
20 X 20 cm quadrat strung to provide 20 intersections. It 
was laid haphazardly 10 times on each boulder. 

RESULTS 

Natural populations 

In the permanent quadrats, recruits were first 
observed in October, and by April-May almost all the 
recruits had either died or had grown into 2-lobed 
juveniles. The number of recruits peaked slightly in 
November and then again in early March (Fig. la) .  
Averaging across times, the number of recruits in turf-flat 
quadrats (K = 4.68, SE = 1.33, n = 60) was similar to the 
number of recruits in boulder-top quadrats (R = 5.80, 
SE = 1.93, n = 60). Relative to the number of adult lobesin 
a quadrat, however, recruitment was higher, especially 
early in the season, in turf-flat quadrats than in boulder- 
top quadrats (Fig. lb) .  We chose to standardize recruit- 
ment against adult abundance because, given the very 
short larval duration of ascidians (Millar 1971), it is 
probable that larval supply is smaller on turf-flats where 
adult abundance is lower (Stocker & Bergquist 1986). 

Adult colonies were significantly clumped among 
quadrats (a scale of tens of metres) for both turf-flat 
(IK = 1.11, X2  = 51.01, n = 10, p<0.001) and boulder- 
top populations ( I b  = 1.12, X2 = 53.36, n = 10, p <  0.001). 
These figures probably underestimate the degree of 
aggregation because quadrats were not established in 
areas where there was no Pseudodistoma novaezelan- 
diae. Except in one case, recruits were also signifi- 
cantly clumped among quadrats (Fig. 2), although for 
both the turf-flat and boulder-top quadrats, the degree 
of aggregation rose from October to January and 

I \ 
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1983 

Fig. 1. Pseudodjstoma novaezelandiae. (a)  Numbers of recruits 
in the 1 mZ permanent quadrats in a natural population at D 
Buoy (mean f SE). (b) Number of recrults standardised 
against number of adult lobes [ (mean SE) X 10001 in the 

permanent quadrats. (0 )  Boulder-tops; (a) turf-flats 

Fig. 2.  Pseudod~stoma novaezelandiae. Dispersion of recruits 
in the permanent quadrats in a natural population at  D Buoy. 
Asterisks indicate significant aggregation: ** p < 0.01; 

***p < 0.001. (0) Boulder-tops; (0) turf-flats 

decreased from January to March (Fig. 2). Recruits 
were consistently more aggregated among boulder-top 
quadrats than among turf-flat quadrats. Using Pear- 
son's coefficient on raw data, we  found no significant 
correlations between the number of recruits and the 
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area covered by adult colonies in permanent quadrats in 
any month, (all correlation coefficients (r) lay between 
0.13 and 0.17; and for all r 's, p > 0.05 and n = 20). 

On a scale of hundreds of metres to kilometres, 
populations of Pseudodistoma novaezelandiae are gen- 
erally highly discrete, and no recruits were seen out- 
side the areas where P. novaezelandiae occurred at 
high density, despite the apparent similarity and suita- 
bility of the surrounding habitat and the presence of a 
few adult colonies. 

Experiment 

Recruits were first observed in the experiment in 
October, 4 wk after it was established. Unfortunately, 

Oct Nov Dec ( Jan 
1984 

recruits were not counted for a further wk as Fig. 3. Pseudodistoma novaezelandiae. Effect of the clearance 
rough seas had made the sampling unreliable. of algal turf on recruitment at North Reef. (0)  - Alqal Turf; (0) 

The effect of Algal Turf was highly significant at all 3 + Algal Turf 
sampling times, 6 wk (October), 12 wk (December), 
and 18 wk (January) after the start of the experiment 
(Table 1). The removal of algal turf had reduced 
recruitment by one order of magnitude by October 
(Fig. 3). Some mortality and no observable recruitment 
occurred between the first and second times of sam- 
pling. Between the second and third times of sampling, 
the numbers of recruits increased in both treatments. 
The difference between the treatments with and with- 
out algal turf also increased over this period. Grazers 

D 
had a non-significant effect at all 3 sampling times Z 
(Table l), but there was significant variabil~ty among 

U 

boulders at all 3 sampling times (Table 1). 9 
There was no correlation between percent cover of LT 

0 

adult Pseudodistoma novaezelandiae on a boulder and 
the number of recruits on a boulder (r = 0.2, n = 20, 
p >0.05) at the end of the experiment. 

Dispersion among boulders was calculated for the + 
Algal Turf and - Algal Turf treatments (numbers of 

Oct Nov Dec I Jan 
I 

1983 

recruits from the 4 replicate quadrats on each boulder 
Fig. 4. Pseudodistoma novaezelandiae. Dispersion of recruits 

were summed) (Fig. 4). There was no significant a w e -  among boulders in the experiment a t  North Reef. indi- 
gation in either treatment in October, but by January cates significant aggregation, p c 0  001. (:) - Algal Turf; (m)  + 
recruits were aggregated among boulders in both treat- Algal Turf 

Table 1. Pseudodistoma novaezelandiae Analysis of variance tables for number of recruits In (a) October (b) December and  (c) 
January. Data were In(x + l )  transformed to reduce heterogeneity in the variances. 'p<0.05; ' "p<0.001; otherwise p>0.05. W.: 

'nested withln' 

Source of variation df (a) October (b) December (C) January 
MS F MS F MS F 

Turf (T) 1, 16 33.8 48.5" ' 30.8 39.6. ' 39.9 26.5"' 
Grazers (G) 1, 16 0.7 1 0  0.1 0.1 0.1 0.1 
T x G  1, 16 0.7 1.0 1.7 2.2 0.8 0.5 
Boulders W. (T X G) 16,60 0.7 2.3 ' 0.8 2.1' 1.5 3.6' " 
Residual 60 0.3 0.4 0.4 
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ments. At this time, in each treatment there were boul- 
ders that differed in numbers of recruits by one order of 
magnitude or more. 

The dispersion of recruits on a smaller spatial scale, 
i.e. among quadrats 0.5 to 1 m apart, was analysed by 
Taylor's method. The regression equations were loglo 
s2 = loglO (1.04) + 1.446 (loglo X) for October, loglo s2 = 

loglo (1.26) + 1.520 (loglo X) for December, and loglo s2 
= loglo (1.40) + 1.540 (loglo X) for January. The regres- 
sion coefficient was significantly greater than 1 in 
October (t-test, n - 19, p<0.001). December (t-test, 
n = 16, p<0.001), and January (t-test, n - l?, 
p < 0.001), indicating that recruits were strongly aggre- 
gated at all 3 sampling times (Fig. 5). None of the 

MEAN NUMBER OF RECRUITS PER OUADRAT 

Fig. 5. Pseudodistorna novaezelandiae. Regression of variance 
against mean for numbers of recruits per 0.0625 m* quadrat in 
the experiment at North Reef, plotted on loglo-loglo axes. 
Dashed line indicates a slope of 1, or random hspersion. See 
text for regression equations. (m) October; (e) December; (a) 

January 

coefficients differed significantly from any other (F- 
tests, p >0.05). It can be seen that the relation between 
loglo s2 and loglo X is not strictly linear, as at high 
densities all points fall above the regression lines. 
Although this pattern is slight, it indicates a tendency 
for very strong aggregation at high densities relative to 
that at low densities. 

DISCUSSION 

Pseudodistoma novaezelandiae, like most colonlal 
ascidians, settles in fairly low numbers compared to 
many solitary invertebrates like barnacles. Each suc- 
cessful ascidian recruit, however, can give rise to a 
large colony containing hundreds of individual zooids. 
The contribution that patterns of recruitment make to 
the distribution of the adult population is thus greatly 
amplified. Recruitment of P. novaezelandiae occurs at 
higher rates where coralline algal turf is present. This 
was found to be true for natural populations, when 
numbers of recruits were standardized against adult 
abundance, and also under experimental conditions in 
the field. In the experiment, the removal of algal turf 
from the rock decreased recruitment by one order of 
magnitude. 

It has been suggested that settlers may be  less 
accessible to predators on a con~plex substratum 
(Sutherland 1974, Russ 1980, Keough & Downes 1982). 
Because grazers had no effect it seems more likely here 
that settlers on bare surfaces are dislodged by the 
water movement which is sometimes very great, espe- 
cially at the North Reef site. 

The greater recruitment in quadrats with algal turf 
may also be partly or wholly a result of differential 
settlement. Differential settlement may be due to 
purely passive responses of larvae to hydrodynan~ic 
patterns created by the complex nature of biota (Eck- 
man 1983, Peterson 1986), or to the distribution of 
larvae in the water column (e.g. Keough 1983, Gaines 
et al. 1985). Differential settlement may also result from 
active preference of larvae for a particular substratum- 
type; the proximal cue may be  chemical (Davis 1987), 
or a quality afforded by the physical complexity of biota 
such as darkness or a more secure attachment (Dean 
1981, Schmidt 1983, Benayahu & Loya 1984). The best 
evidence of larval preference is direct observation of 
settlement itself (Olson 1983, 1985, Davis 1987). 

Either passive differential settlement or active prefe- 
rential settlement would enhance survivorship of adult 
colonies of Pseudodistoma novaezelandiae if and only 
if the effects of coralline algal turf on P. novaezelan- 
diae, and the spatial relationship between the two, 
were consistent over the several-year life-span of an 
ascidian colony. Although we have no information on 
the latter criterion, we know that the effect of algal turf 
on adult P. novaezelandiae varies according to the size 
of the colony (Stocker & Bergquist 1986). Small colonies 
can be  overgrown by algal turf, especially if water 
movement is low, and this interaction may contribute to 
the low adult abundance of P. novaezelandiae on the 
turf-flats at D Buoy. Colonies can also be protected 
from being torn up at the edges by the presence of algal 
turf in conditions of high water movement. We con- 
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clude that  recruitment is increased in t h e  presence of Underwood for criticising and improving the manuscript in its 
a lgal  turf. Also, t h e  presence of a lgal  turf c a n  favour I I U ~ ~ ~ O U S  forms. The manuscript also benefltted from the 

survivorship in adult colonies by virtue of physical suggestions of 2 anonymous reviewers. We are grateful to A. 
McCrone for her able assistance in the field and to people at 

protection, but  only if they Can avoid be ing  overgrown the Leigh Marine Laboratory for technical support and profit- 
w h e n  small.  able discussion. 

Spatial variability in  recruitment in  sessile 
invertebrates  h a s  rarely b e e n  quantified i n  t h e  field o n  
more  t h a n  o n e  scale  (Keough 1983, Caffey 1985). 
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