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Recruitment in a temperate demersal fish:
Does larval supply matter?

Phillip S. Levin!
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Abstract

The importance of larval supply to spatial patterns of larval settlement and recruitment was determined
for a common Gulif of Maine fish (the cunner Tautogolabrus adspersus). The number of presettlement pelagic
fish differed among the four sites sampled. Inshore sites had significantly greater densities than offshore sites,
and this difference was consistent over time. The average size of presettlement fish also differed; fish at
inshore sites averaged ~2 mm less in standard length than those at offshore sites. Settlement was quantified
by using artificial substrata suspended above the benthos, and a nonsignificant trend for greater settlement
at offshore vs. inshore sites was revealed. Recruitment surveys after the settlement season showed that
densities of recruits were significantly greater offshore than inshore. Correlation analyses showed either
significant inverse or nonsignificant relationships between densities of presettlement fish and settlement
depending on the size of presettlement fish. The relationship between recruitment and densities of preset-
tlement fish was not significant with each of the size classes of presettlement fish analyzed, but there was a
strong positive relationship between settlement and recruitment.

Variable replenishment is a hallmark of populations of
marine species that have pelagic, widely dispersed larvae
(Doherty and Williams 1988; Roughgarden et al. 1988;
Olafsson et al. 1994). Determining the causes and con-
sequences of variability in recruitment has become a cen-
‘tral problem in marine ecology and fisheries biology. Re-
cruitment refers to the addition of young-of-the-year in-
dividuals from the pelagic habitat to the adult habitat
measured at some arbitrary time after larval settlement
(Connell 1985). As such, recruitment represents the end
product of a series of dynamic physical and biological
processes that vary spatially and temporally. Thus, factors
influencing such processes as fertilization of eggs (e.g.
Petersen et al. 1992), growth and survivorship of larvae
(Cushing 1973), dispersal or retention of larvae (Gaines
and Bertness 1992), habitat selection by settling larvae
(Sweatman 1985), and postsettlement growth and sur-
vival (Forrester 1990; Hixon and Beets 1993) can act
separately or in concert to produce variability in recruit-
ment.
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Experimental ecologists working primarily on benthic
invertebrates and coral-reef fish have focused on the hy-
pothesis that variation in the return of larvae to appro-
priate habitat is a common cause of recruitment vari-
ability (e.g. Doherty 1983; Hughes 1990; Karlson and
Levitan 1990). Until recently, the relationship between
recruitment and larval supply was based largely on in-
ferences from the distribution of newly settled individ-
uals. The use of plankton pumps (e.g. Gaines et al. 1985)
and tube traps (Yund et al. 1991) has allowed workers to
test the hypothesis that variability in larval supply is re-
flected as subsequent variation in settlement (the move-
ment of larvae or postlarvae from the water column to
the adult habitat), recruitment, and adult abundance at
small spatial scales. Similarly, light traps have become
useful tools for quantifying abundances of larvae of coral-
reef fish, thereby allowing tests of the effects of larval
supply on population dynamics of reef fish (Milicich et
al. 1992; Meekan et al. 1993; Milicich and Doherty 1994).
For barnacles and some species of reef fish, there is sup-
port for the hypothesis that larval supply can influence
variability in recruitment (Gaines et al. 1985; Milicich et
al. 1992; Milicich and Doherty 1994).

Processes that control population dynamics on tem-
perate rocky reefs and outcroppings can differ markedly

from those affecting benthic invertebrate or coral-reef fish

populations (Ebeling and Hixon 1991); consequently, ex-
trapolation from results of rocky shore or coral-reef hab-
itats must be explicitly tested. Although fisheries ecolo-
gists have emphasized the importance of the larval life-
history stage in temperate waters, most studies have fo-
cused on large, often basin-scale, relationships between
larval supply and recruitment (Sissenwine 1984). Addi-
tionally, fisheries ecologists tend to investigate large, high-
ly mobile species rather than smaller, relatively site-at-
tached reef fish.

Few studies in temperate or tropical habitats have ex-
amined local variability in the supply of presettlement
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fish and subsequent settlement and recruitment to specific
sites (but see Milicich et al. 1992; Milicich and Doherty
1994; Schultz and Cowen 1994). My goal was to quantify
the supply of presettlement fish at a relatively small spa-
tial scale (100s of meters to kilometers) and to ask whether
among-site variability in the supply of presettiement fish
explained subsequent variation in settlement and recruit-
ment in a temperate demersal fish.

Methods

Study species—The cunner, Tautogolabrus adspersus,
is the northernmost member of the labrid family in the
western North Atlantic (Scott and Scott 1991). Cunner
are common from Newfoundland to New Jersey and oc-
casionally are found as far south as Chesapeake Bay (Big-
clow and Schroeder 1953). They occur from depths >90
m (Bigelow and Schroeder 1953) to intertidal zones (Oje-
da and Dearborn 1990). Throughout their range, cunner
are associated with reefs, sheltered rock substrata, or man-
made structures (e.g. piers, wrecks, etc.).

Cunner spawn during early and midsummer (Pottle and
Green 1979). After a pelagic presettlement stage aver-
aging from 18 10 >37 d (Victor 1986a; Malchoff 1993),
fish settle to the demersal habitat. In the Gulf of Maine,
cunner settle during a single pulse lasting ~3—4 weeks
(Levin 1993, 1994a). Because cunner reproduce and settle
in a discrete, single pulse, it is possible to sample a single
demographic cohort from the larval stage through re-
cruitment. In this paper, I refer to pelagic larval and post-
larval individuals as ‘“‘presettlement” fish (Kingsford
1988). At settlement, cunner are associated with mac-
roalgal habitats (Levin 1991, 1993, 19945) and seem to
be very site attached (Levin 1994a).

Study sites—This study was conducted at four sites in
the central Gulf of Maine. Two sites (Ft. Point and Whale-
back) are along the New England coast near Portsmouth,

- New Hampshire (43°05'N, 70°44’'W), and the other two
(Appledore and Duck) are ~10 km offshore of Ports-
mouth at the Isles of Shoals, Maine (42°59'N, 70°37'W).
The inshore sites are characterized by cobbles and large
boulders covered with macroalgae (mostly Chondrus cris-
pus and Laminaria spp.). Patches of sand, often with eel
grass (Zostera marina), occur among the rocky substrata
at the two inshore sites. The offshore sites are character-
ized by rock ledges with dense macroalgal cover. Ma-
croalgal assemblages are similar between inshore and off-
shore sites, except that the green algal, Codium fragile, is
far more abundant offshore.

Sampling of presettlement fish—Preliminary sampling
with light traps (Doherty 1987) proved inefficient, prob-
ably due to the relatively high turbidity of the water. In
addition, turbidity varied predictably among sites and
over time, potentially biasing catch results from light traps
(Milicich et al. 1992). Consequently, I quantified the sup-
ply of presettlement fish by performing surface ichthyo-
plankton tows with a 1,000-um-mesh plankton net fitted
with a General Oceanic flowmeter.

Presettlement cunner undergo diel vertical migrations
with higher densities of fish of all size classes occurring
higher in the water column at night (Malchoff 1993);
therefore, all sampling was done at night. Plankton nets
were 1 m in diameter. Three replicate 10-min tows were
conducted on eight occasions that encompassed the entire
1991 settlement season (1, 5, 7, 8, 12, 13, 15, and 26
August) (Levin 1993). All tows were conducted adjacent
to study sites in water 25-30 m deep. To prevent spatial
trends from being confounded with temporal patterns, I
sampled concurrently at two sites, immediately followed
by sampling concurrently at the other two sites. The order
of sampling was randomized.

Only the density of presettlement fish competent to
settle is meaningful in the context of this study. I used
two methods to determine size at competency. Gleason
(1988) analyzed otolith microstructure and reported the
age at settlement for cunner as well as the length-age
relationship for pre- and early postsettlement cunner. His
results indicated that the smallest length at settlement
was 6.2-mm standard length (hereafter SL), and the mean
size at settlement was 8.6-mm SL. I collected and mea-
sured the length of 659 newly recruited cunner (Fig. 1).
Their minimum size was 7.0-mm SL and the modal length
was 10.1-mm SL (Levin 1993). Because the size of fish
considered competent to settle could greatly influence my
conclusions, I repeated all analyses with three different
size classes of presettlement fish: 7.0-, 8.6-, and 10.1-mm
SL. All measurements of larval fish were performed with
an image analysis system. Standard length was measured
from the tip of the upper jaw to the end of the caudal
peduncle. :

Quantifying settlement —Scttlement was quantified by
deploying artificial settlement substrata at dusk on four
dates on which presettlement fish were sampled. Each
settlement substratum consisted of four cotton mopheads
attached at 75-cm intervals to a 3.1-m length of PVC pipe
(3.81-cm diam). Mopheads were soaked for 2 weeks in
filtered seawater before deployment. The mophead array
was suspended from the surface so that it was above the
substratum by 1.85-2.46 m, depending on the tidal state.
Two settlement substrata, separated by at lcast 20 m, were
deployed at each of the four sites.

Mophead arrays were examined 24 h after deployment.
Divers slowly approached mop arrays and enclosed each
mop in a plastic bag. As divers approached, fish were
observed to dart into the mop; fish were never observed
swimming away from the array. Plastic bags were re-
moved from individual mops. Mops were carefully
searched visually, and the fish were enumerated. After
sampling, mophead arrays were removed from the water,
rinsed thoroughly with freshwater, and stored on land
until the next sampling date.

Quantifying recruitment — Densities of recruits were es-
timated in late August at the end of the settlement season
(2 weeks after the last new settler was observed in the
natural habitat, Levin 1993). Replicate 15 X 1-m transects
(n = 10 per site) were randomly placed at each site using
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Fig. 1. The standard length of pre- and postsettlement cun-

ner from Maine. Comparison of the size frequency distribution
of pre- and postsettiement fish indicates that many of the pre-
settlement fish sampled were similar in size to postsettlement
fish.

triplets of random numbers. The first two numbers in-
dicated a compass direction and distance from a hap-
hazard starting point, and the third number indicated the
compass direction in which the transect was extended.
Five minutes after a transect line was extended, a diver
swimming at a rate of ~3 m min~! carefully counted all
recruits within a meter-wide band along the length of the
transect. Details of this sampling method are provided
by Lincoln-Smith (1989).

Data analysis—Two-factor ANOVA was used to test
the null hypothesis that no differences in the mean num-
ber of presettlement cunner captured (per m3) were pres-
ent among sampling dates or among sites. Similarly, a
two-factor ANOVA was used to test the hypothesis that
no differences existed in the number of settlers at each
site or among sampling dates. In this analysis, each set-
tlement sampler was considered a replicate because in-

Levin

dividual mops within a sampler are not independent rep-
licates. A one-factor ANOVA was used to test the hy-
pothesis that recruitment varied among sites.

Correlation analyses were used to examine the asso-
ciation among the supply of presettlement fish and set-
tlement or recruitment. The total number of larvae col-
lected at each site and the mean number of settlers or
recruits observed at that site were used as data points in
the analyses. I chose to use the product-moment corre-
lation rather than regression analysis because the latter
requires that the independent variable be measured with-
out error (Zar 1984). Both variables were random factors
in these analyses: thus, correlation analyses were appro-
priate for establishing and estimating the degree of as-
sociation between variables (Sokal and Rohlf 1981). I
used regression analysis to examine the relationship be-
tween settlement and recruitment. Because my estimate
of settlement was subject to only minor measurement
error (regression statistics are known to be robust to minor
violations of the measurement error of the independent
variable, Zar 1984) and because I wanted to describe the
functional relationship between settlement and recruit-
ment, regression analysis was appropriate.

Results

The distribution and abundance of presettlement fish—
The abundance of presettlement cunner differed signifi-
cantly among sites. The mean number of presettlement
fish (including all size classes) per 100 m? averaged 78.7
(SE = 24.6) at Ft. Point and 38.7 (SE = 15.9) at Whale-
back. These numbers were significantly greater than the
mean number of fish at Appledore (2.25, SE = 0.74) or
Duck (1.21, SE = 0.43) (Fs 45 = 3.451, P = 0.04). There
were significant differences in the abundance of preset-
tlement fish among sampling dates (Fs4 = 4.663; P =
0.002), and the magnitude of these differences was not
consistent over time, as evidenced by a significant date
X site interaction in the analysis of variance (F\s4s =
4.554; P < 0.001). However, when sites were ranked
according to the density of presettlement fish on each
sampling date and the ranks compared among dates, there
was higher agreement than expected by chance (Kendall’s
coeflicient of concordance = 3.367, x? = 60.6, P < 0.001).
Thus, despite temporal changes in the magnitude of
among-site differences in presettlement cunner, differ-
ences in the rank order of sites were consistent throughout
the settlement season.

The average size of presettlement cunner, including
precompetent size classes, also varied among sites (Fig.
2). Fish captured at the offshore sites (Appledore and
Duck) averaged >9-mm SL. This was significantly greater
than the 6.5-mm SL of fish from the inshore sites (Ft.
Point and Whaleback; F; 5060 = 39.81; P < 0.001).

The number of fish settling on the artificial settlement
substrata at Appledore and Duck averaged >1 fish per
settlement collector; at Ft. Point and Whaleback, settle-
ment averaged <O0.1 fish per settlement collector. How-
ever, this difference was not statistically significant (F, »s
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Fig. 2. The average size (standard length) of presettlement
fish differed among sites. Larger fish were observed at the off-
shore sites (Appledore and Duck), while smaller fish were ob-
served at the inshore sites (Ft. Point and Whaleback).

= 2.092; P = 0.13) due to the large variability within sites
and the small sample size.

Recruit density also differed significantly among sites.
Appledore received an average of 37.8 (SE = 7.65) recruits
per 15 m? transect, which was significantly greater than
the other three sites (Tukey’s HSD, P < 0.03). Duck
averaged 14.85 (SE = 5.1) recruits per transect, which
was significantly greater than the recruit density at Whale-
back (mean = 3.45 per transect, SE = 0.84, Tukey’s HSD,
P = 0.03) but not statistically distinguishable from Ft.
Point (mean = 4.8 per transect, SE = 1.2, Tukey’s HSD,
P = 0.21). Recruit densities at Whaleback and Ft. Point
did not differ significantly from each other (Tukey’s HSD,
P = 0.80).

Total No. presettlement fish > 7-mm SL collected per site

Fig. 3. A. Asignificant negative relationship existed between
the total number of presettlement fish >7-mm SL collected at
a site and the mean number of settlers sampled at that site. B.
A similar relationship existed between the mean number of
recruits sampled at a site and the total number of presettlement
fish >7-mm SL sampled; however, this relationship was not
significant. All error bars are =1 SE.

The relationships among the density of presettlement
fish, settlement, and recruitment—Plankton tows ap-
peared to adequately sample presettlement fish that were
competent to settle. An examination of the size frequency
distribution of presettlement fish reveals that although
many fish captured- were probably too small to settle, a
large number of presettlement fish were captured that
were similar in size to postsettiement fish (Fig. 1).

A significant negative relationship existed between the
density of presettlement fish >7.0-mm SL and settlement
(Fig. 3A). The log (x+1) of the total number of preset-
tlement fish captured at each site and the log (x+1) of
the mean number of settlers collected from artificial set-
tlement substrata at each site were highly inversely cor-
related. Similarly, there was an apparent inverse rela-
tionship between the supply of presettlement fish and
recruitment (Fig. 3B); however, this relationship was sig-
nificant only at the P = 0.095 level.

When the size of presettlement fish considered com-
petent to settle was increased to 8.6-mm SL, the rela-
tionship between density of presettlement fish and settle-
ment was no longer significant (Fig. 4A) nor was the re-
lationship between presettlement fish >8.6-mm SL and
recruitment (Fig. 4B). In addition, when only fish >10.1-
mm SL were considered competent to settle, the rela-
tionships between the density of presettlement fish and
settlement (Fig. 5A) and recruitment (Fig. 5B) were not
significant.

Despite the absence of a positive relationship between
the density of presettlement fish and settlement or re-
cruitment, there were significant relationships between
the size of presettlement fish and settlement. Average
settlement levels were highly correlated with the size of
presettlement fish (Fig. 6A). Similarly, recruitment seemed
correlated with the average length of prescttlement fish.
(Fig. 6B); however, this relationship was significant at the
P = 0.07 level.

85U8017 SUOWIWOD SAIea1D 8 [ceatdde aup Ag pausenob a1 3o le YO ‘sh JO SNl 1oy Akeid18UIIUQO AB|IM UO (SUORIPUOD-PUe-SLLBYWI0D A8 1M ARe1q 1 Ul |uo//Scy) SUONIPUOD pue swiia | 8y} 88s *[9202/T0/.2] uo ARiqiTauliuo A8|iM ‘2iiusdureH MBN JO AISBAIUN Ad Z/90' Y TH"966T OI/6TEY OT/I0P/W0D A8 M Ate.q Ut uo'sgndo se//:sdny wouy papeojumoqd ‘v ‘966T ‘06556E6T



676

o 501

g A R =-0.72 B R =-0.75

E 2 p=0.27 NE 40 p=0.24

§ 15 301

: g

% 1 S 20+

2 - n

0 ‘—.—r—l—[—w—T—w—.—l 0 T T 1 1 1
0 100 200 300 400 0 100 200 300 400

Total No. presettiement fish > 8.6 mm collected per site

Fig. 4. A. The relationship between the density of presettle-
ment fish >8.6-mm SL and the mean number of settlers sampled
at a site was not significant. B. The relationship between the
density of presettlement fish >8.6-mm SL and the mean number
of recruits sampled at a site was also not significant. All error
bars are 1 SE.

There was a strong positive relationship between set-
tlement and recruitment (Fig. 7). A regression analysis
with the mean number of settlers at each site as the pre-
dictor and the mean number of recruits as the response
variable revealed that 93.3% of the variation in recruit-
ment was explained by settlement (P = 0.034).

Discussion

The assumption that small-scale variability in settle-
ment or recruitment is related to variability in larval
supply is frequently made but rarely tested (but see Mil-
icich et al. 1992). For numerous fish and benthic inver-
tebrates, adult abundances at various spatial scales are
demonstrably related to the input of new recruits (e.g.
Victor 19865; Gaines and Bertness 1992; Doherty and
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Fig. 5. A. The relationship between the density of presettle~
ment fish >10.1-mm SL and the mean number of settlers sam-
pled at a site was not significant. B. The relationship between
the density of presettlement fish >10.1-mm SL and the mean
number of recruits sampled at a site was also not significant.
All error bars are =1 SE.
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icant trend for increasing recruitment with increasing average
size of presettlement fish. All error bars are =1 SE.

Fowler 1994). By contrast, it is widely recognized by fish-
eries ecologists that year-class strength is not related to
larval abundance for many exploited species (Sissenwine
1984). Determining when in the life history year-class
strength is determined is thus critically important to our
understanding the dynamics of marine populations. My
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Fig.7. Regression analysis revealed a significantrelationship

between the mean number of settlers sampled on artificial set-
tlement substrates (mophead arrays) and the mean density of
recruits at a site. Error bars are =1 SE.
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results suggest that the density of presettlement fish and
consequently those processes directly or indirectly af-
fecting larval density are not the leading determinants of
recruitment variability for T adspersus at the spatial scale
examined. Rather, variability in the magnitude of settle-
ment, which was correlated with the average size of pre-
settlement fish, appears to drive patterns of recruitment,

Patterns of presettlement abundance can be decoupled
from settlement patterns if settling fish select habitats at
large spatial scales. Previous work on cunner indicates
that branched (cf. Levin 1994b) and foliose algae are im-
portant habitats for newly recruited fish (Levin 1991,
1993) and that in some years as much as 80% of among-
site variability in recruitment can be explained by vari-
ability in the cover of branched algae (Levin in prep.).
My sites differed in their coverage of macrophytes. Ap-
pledore and Duck had high coverage (> 50%) of branched
algae (C. fragile), while the algal assemblage at Ft. Point
and Whaleback had higher covers of the turflike C. cris-
pus. Additionally, Ft. Point and Whaleback had patches
of sand in which eelgrass was present. Although settle-
ment was monitored on standardized artificial substrata
in order to minimize the effects of habitat differences, it
is possible that olfactory cues associated with the habitat
resulted in higher levels of settlement to artificial sub-
strata located in preferred habitat compared to settlement
samplers located in low-preference habitats.

Patterns of presettlement abundance can also be de-
coupled from settlement patterns if differences in mor-
tality alter pattarns before settlement is quantified (Victor
1986b). Settlernent samplers were suspended more than
1.85 m above the bottom to reduce early postsettiement
predation by benthic fish, particularly sculpins such as
Mpyoxocephalus aenaeus. However, settlement samplers
were accessible to more peiagic species, such as pollock
(Pollachius virens), which may be important predators of
newly settled cunner (Levin 1994a). Thus, settlement
samplers at sites with high densities of pollock may have
experienced higher levels of early postsettlement mortal-
ity than sites with lower densities of pollock.

Although a comparison of the size frequency distri-
butions of presettlement and postsettlement fish suggests
that plankton nets did an adequate job of sampling pre-
settlement fish competent to settle, plankton nets may
not be the best way to quantify the larval supply. Plankton
nets tend to capture smaller larvae (Choat et al. 1993)
and by themselves cannot provide data on larval flux.
Furthermore, although I was able to conduct plankton
tows intensively throughout the brief settlement season,
plankton tows can give only a snapshot of the water col-
umn. Light traps tend to capture larger larvae (Choat et
al. 1993), measure larval flux, and integrate over time,
but they were not used after preliminary sampling showed
that water clarity was variable and often low. However,
light traps could provide useful data in this system if sites
distant from shore with low turbidity are examined.

The average level of settlement to artificial settlement
substrata was correlated with the size of presettlement
fish. Most fish at the two inshore sites were only slightly
above the smallest size criteria (7-mm SL) used to de-

termine whether fish were competent to settle. There are
several reasons why sites receiving generally smaller pre-
settlement fish can be expected to have lower settlement.
Smaller settlers may be more susceptible to predation
than larger individuals because of differences in escape
ability or predator gape limitation (Zaret 1980; Blaxter
1986; Miller et al. 1988). Additionally, vulnerability to
predation may be higher for smaller presettlement fish
because small larvae are generally more vulnerable to
starvation than larger larvae (Lasker 1981); consequently,
smaller presettlement cunner may be under greater nu-
tritional stress than larger fish (Miller et al. 1988).

The smaller size of presettlement fish at Ft. Point and
Whaleback also implies that these fish were younger than
those at Appledore or Duck (Malchoff 1993). If the age-
length relationship calculated by Malchoff (1993) for lar-
val cunner in the New York Bight is applied to Gulf of
Maine cunner, presettlement fish collected at Ft. Point
and Whaleback were ~7 d younger than those collected
at Appledore or Duck. The younger age of individuals at
Ft. Point and Whaleback could indicate that their pro-
pensity to settle was lower than the older fish at Appledore
and Duck.

Evidence that presettlement fish can prolong their pe-
lagic lives in the absence of appropriate conditions for
settlement (Victor 19865; Cowen 1991) suggests that pre-
settlement fish have some control over the timing of set-
tlement. Older presettlement fish may be nearing the end
of their ability to postponc settlement; thus at sites that
receive older presettlement fish, the relationship between
the supply of presettlement fish and settlement may be
stronger than at sites where presettlement fish are gen-
erally younger. ‘

The reason presettlement fish at the offshore sites were
generally older than at the inshore sites is a matter of
speculation. I did not examine differences in flow regime
between sites; however, with a slight offshore component
operating, older larvae may tend to accumulate at offshore
sites. Additionally, in the absence of an offshore current,
the generally southerly flow of the Gulf of Maine suggests
that fish reaching offshore sites came from scattered is-
lands far to the north. Thus, larvae would tend to be older
and fewer in number than along the mainland shore where
there is a more uniform distribution of adult fish. It is
clear that work focusing on mesoscale current patterns is
needed to identify the source of larvae as well as to de-
termine the flux of larvae.

In the present study, variability in settlement measured
by means of artificial settlement samplers explained >93%
of the variance in cunner recruitment. Because settlement
of fish has been difficult to quantify, most workers quan-
tify only recruitment. The extent to which patterns of
recruitment are indicative of patterns earlier in the life
history is a matter of considerable debate. Similar to my
results, recent work on scveral species in the Caribbean
(Robertson 1992) and the Great Barrier Reef (Williams
et al. 1994) suggests that patterns of recruitment are good
indicators of earlier patterns of settlement.

However, in a previous study on cunner, Levin (1994q)
showed that although there was an initial strong corre-
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lation between settlement and recruitment, this relation-
ship disappeared over time. Differences in the spatial
scale of interest may be the primary reason for the dis-
crepancy between the resuits of this study and those of
Levin (1994a). Here 1 focused on larger scale (100s of
meters to kilometers) patterns of settlement and recruit-
ment, while my previous work on settlement-recruitment
relationships in cunner was conducted at scales of meters
(Levin 1994q). Thus, postsettlement processes distorted
initial patterns of settlement at small spatial scales so that
initial patterns of settlement were not reflected as patterns
of recruitment. However, this study revealed that at larger
scales, settlement patterns did manifest themselves as
patterns of recruitment.

Recent models of reef fish have focused on the relative
contributions of recruitment and postrecruitment mor-
tality or growth to the demography and abundance of
populations. Empirical tests of these models have gen-
erally concluded that recruitment-limited populations (cf.
Doherty 1983; Victor 1983) suffered from a shortage of
pelagic propagules. This conclusion seems rooted in the
findings of recruitment studies of benthic invertebrates
(e.g. Gaines et al. 1985) and not on studies performed on
exploited temperate fish, where egg and larval abundance
are routinely quantified and generally are not correlated
with densities of juvenile fish (Sissenwine 1984). My re-
sults suggest that processes occurring at or within the first
24 h of settlement can decouple the supply of presettle-
ment fish from patterns of settlement. Although the em-
pirical demonstration of recruitment limitation may in-
dicate a scarcity of larvae (Milicich et al. 1992), without
a direct examination of larval abundance it is imprudent
to assume that this is the mechanism responsible for low
levels of recruitment.
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