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ABSTRACT: The spatial and temporal patterns of distribution of new  settlers of 23 species of dam 
selfish (Pomacentridae) w ithin One Tree Island lagoon, southern G reat Barrier Reef (GBR) w ere m ea
sured for 3 summers to assess the persistence of spatial patterns of recruitm ent. Overall recruitm ent 
was 3 tim es h igher in 1993/1994 than 1994/1995, and 1.5 tim es higher than 1999. In general, recruit
m ent decreased  tow ards the lagoon centre, even though habitat availability was not low er there  on 
average, suggesting that most fish settled at outer sites as they w ere advected from adjacent waters. 
There was also great variation in num bers of recruits am ong outer sites. Patterns of recruitm ent to 
continuous reef and patch reef habitats also differed am ong species, suggesting habitat selection at 
this b road  level. For example, Pomacentrus nagasakiensis was primarily found on patch reefs, while 
P. m oluccensis  w as largely found on continuous reef. One site (Shark Alley) received the h ighest 
num ber of recruits of most species during the study, and  this pattern  has been  observed in  studies 
since 1975. Despite in terannual variability in abundance of potential settlers and differences in the 
hab ita t p references of some species, therefore, some sites on the reef can receive relatively high 
num bers of settlers over decadal time scales. This consistency of spatial pa ttern  may be due to local 
topography and  oceanography at Shark Alley, w hich appear to favour the input of potential settlers. 
The availability of live coral may also be important, but species which showed no preferences for live 
cover also recruited  at high levels at this site. The attributes of Shark Alley w ere com pared w ith those 
at other sites. Overall, sites that clustered on the basis of oceanographic and habitat features also had  
similar recruitm ent, suggesting that these features may be useful in predicting recruitm ent hotspots 
on reefs elsew here.

KEY WORDS: O ceanographic features • Plumes • Pom acentrids • Recruitment ■ Settlem ent • Surf 
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INTRODUCTION

G reat differences in the  abundance of newly settled 
fish on coral reefs have been  dem onstrated among 
sites separated  by 100s of m etres to 1000s of kilometres 
(Doherty & W ilhams 1988). It is difficult, however, to 
determ ine the tem poral persistence of these patterns 
unless sam pling is done over m any recruitm ent sea
sons. If persistent patterns of settlem ent are identified,
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then  the  investigation of the physical and  biological 
attributes of these sites may provide insight into the 
factors determ ining preferred  settlem ent sites. M ore
over, if there  is a strong link betw een  abundance of 
settlers and subsequent abundance of adults, then  a 
know ledge of qualitative aspects of sites will improve 
understanding of adult population dynamics.

Factors that may be im portant determ inants of fish 
recruitm ent include availability of suitable habitat, 
such as live corals (e.g., Booth & B eretta 1994), dam 
selfish territories (Green 1996), or conspecifics (e.g.,
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Sweatman 1985, Booth 1992), oceanographic hotspots 
favouring larval retention (e.g., Kingsford et al. 1991, 
Doherty e t al. 1997), prevalence of onshore winds 
(Milicich et al. 1992), and distance from the reef crest, 
creating a recruitm ent gradient (e.g., for seagrass 
invertebrates; Bell et al. 1988).

The relative role of passive dispersal and active lar
val behaviour in settlem ent has received little attention 
at the population level (i.e., how these processes affect 
distribution and abundance), but some authors have 
suggested that they have little influence at spatial 
scales relevant to population ecology (Doherty 1991, 
cf. Booth & W ellington 1998). Availability of habitat in 
different reef zones may also drive distribution pa t
terns of adult fishes (Williams 1979, W ellington 1992), 
adding a determ inistic elem ent to the stochastic supply 
of larvae to a site. As a consequence, a catastrophic 
loss of habitat, due to disturbances such as storms or 
massive predator buildup, may rapidly alter distribu
tion of species (Wellington & Victor 1985, Williams 
1991). O ther studies have show n that habitat availabil
ity can explain distribution of some species at local 
scales of <100 m, but could not account for among-site 
variability (e.g., Doherty 1982, Tolimieri 1995).

Sheltered, small, coral reef lagoons can have unique 
assem blages of fishes com pared to open-reef areas, 
because of habitat differences and  differences in 
advective processes th a t can restrict entry of larvae 
(e.g., Galzin et al. 1994, Kingsford & Finn 1997). Some 
species of damselfish, for instance, apparently  avoid 
lagoons com pared to congenerics. Pomacentrus coel
estis is rare inside O ne Tree Island lagoon, but com
mon on adjacent reef slopes. These larvae may detect 
lagoonal w aters including therm al plum es em anating 
from the lagoon, and  so avoid entry (Doherty et 
al. 1996). If advective processes near lagoons are 
central to arrival of larvae, then synchronous peaks in 
settlem ent of similar species would be expected. Asyn- 
chrony may result from different behavioural re 
sponses among species, including avoidance, as m en
tioned above, bu t also hab ita t selection.

This study investigated the  variability in recruitm ent 
among 9 sites within O ne Tree Island lagoon, southern 
G reat Barrier Reef. We sim ultaneously m easured habi
ta t and oceanographic features and m onitored recruit
ment for a suite of common dam selfishes (Pomacentri
dae) at each site over 3 seasons. An im portant part of 
the study was inclusion of a site (Shark Alley) which has 
been identified in studies since 1975 (Wilhams 1979) as 
a 'hotspot' for recruitm ent. We w anted to determ ine if 
this pattern  was persistent over 10s of years.

Our objectives w ere to: (1) determ ine hotspots for 
recruitm ent on continuous and  patch reefs, within the 
lagoon (among and w ithin sites), over several years; 
(2) com pare patterns of recruitm ent with historic re

cords of recruitm ent a t One Tree Island; (3) charac
terise habita t and oceanographic characteristics of 
Shark Alley and other sites w ith consistently high 
recruitm ent, and develop a simple predictive model to 
link these characteristics w ith recruitm ent differences 
am ong sites.

METHODS

Sites. Coral reef pom acentrid fishes settle mainly in 
the period D ecem ber to M arch on the G reat Barrier 
Reef (GBR) (Anderson et al. 1981, Williams & Sale 
1981). Recruitm ent w as m onitored from Septem ber 
1993 to February 1994, from Novem ber 1994 to Febru
ary 1995, and  from January  to February 1999 at 9 sites 
w ithin One Tree Island lagoon (Fig. 1), southern GBR. 
The lagoon is 5 km long, w ith 5 sites established 
around the inside perim eter of the lagoon and  4 sites 
m ore centrally located, O ne Tree Island lagoon has a 
continuous coral rim, and  as a result is ponded at low 
tide (i.e., w ater level inside the lagoon is h igher than 
that of the surrounding ocean, Ludington 1979). On the 
flood tide, the influx of oceanic w ater is concentrated at 
several low points on the rim, notably near Shark Alley 
and  the G utter on the southeast side, and  at the 
Entrance on the northeast rim (Fig. 1). The speed of 
w ater entering the lagoon at these locations is based 
on w ind direction and speed, which in turn can influ
ence larval influx to the lagoon (see Kingsford & Finn 
1997).

The reefs in the lagoon are  mainly either continuous 
walls ('piecrust') or patch reefs in deeper (to 7 m) 
water. The 9 sites included 5 'outer' sites (Shark Alley, 
Gutter, Sandflat, Entrance and  First Bank), situated 
<1 km from the reef edge, and  4 'inner' sites (Centre 
Bommie, Big Bommies, No Bommies and Maze; Fig. 1).

Species. Damselfishes (Pomacentridae) are ubiqui
tous and  conspicuous m em bers of coral reef fish 
assem blages, and most rem ain  relatively sedentary 
once they arrive at the adult habitat. Several previous 
studies have m onitored recruitm ent of damselfishes at 
One Tree Island (e.g., Russell e t al. 1977, Williams 
1979, Anderson et al. 1981, Williams & Sale 1981, 
Doherty 1982, 1983, Jones 1987a,b, B. D. M apstone 
unpubl.; Table 1), although none m onitored recruit
m ent on this scale, and few have m onitored recruit
m ent to continuous reef. The suite of species on contin
uous reef is different from those recruiting to patch 
reefs (cf. Williams 1980, Ault & Johnson 1998) and 
comparison was drawn betw een  recruitm ent in both 
habitats. Patch reefs were not sam pled in 1999.

Recruitment monitoring. We define recruitm ent 
here to m ean the appearance in the adult habitat 
w ithin 2 w k of larval settlem ent in the reef habitat. At
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Fig. 1. Aerial m ap of One Tree Island (black patch) and One Tree lagoon, showing locations of 9 sites w ithin first lagoon. BB = Big 
Bommies, CB = C entre Bommie, EN = Entrance, FB = First Bank, GU = Gutter, MA = Maze, NB = No Bommies, SA = Shark Alley, 

SF = Sandflat. Superim posed on m ap are  locations of major plum es (stippled areas). Scale: 0.5 km 2 grids

each  site, 6 perm anent transects and 6 patch reefs 
w ere established for recruitm ent monitoring. The tran 
sects w ere positioned on the slopes of continuous reef 
'piecrust' habitat, which was 1 to 5 m in depth, consist
ing of a wall of coral rubble interspersed with live coral 
heads and  bordered above by the  reef crest and  below 
by a sandy bottom. Transects w ere 15 m  long, and  sep
arated  by 15 m. Their w idth varied depending on the 
depth  of the piecrust, bu t they w ere  generally 1 to 2 m 
wide (Table 2).

The use of perm anent transects of variable w idth 
w as preferred to those of fixed width, since it allowed 
tem poral changes in recruitm ent patterns and fate of 
new  recruits to be followed, and  gave coverage of the 
whole w idth of the piecrust reef. It was apparen t that 
certain species settled only along the reef/sand in ter
face and, as such, constant transect length was impor
tant. Surveyor's flagging tape  w as attached every 5 m 
along each transect, and  a sm all subm erged float was 
affixed at the start of each transect. Small patch  reefs 
w ere constructed in Septem ber 1993 about 15 m from 
the start of each transect, on sand  substrate in from 2 to 
5 m  depth. Each patch reef w as approxim ately 1 m x

1 m X 0.5 m high, and constructed of dead  coral rubble.
Recruitment surveys w ere conducted every 2 wk. 

A survey consisted of careful searches using SCUBA, 
within each transect and on each patch reef for recruit 
pom acentrids. The location (nearest m etre-m ark w ith
in each transect, or patch reef num ber) and size of each 
recruit was noted (length to the nearest 2 mm, as veri
fied by capturing and m easuring a small sample of 
recruits).

Oceanographic and habitat features of Shark Alley.
Shark Alley was identified as the location with the 
h ighest num ber of new recruits of a variety of species 
(Table 1). The objective of this part of the study was to 
describe aspects of the habita t quality and  oceanogra
phy of this recruitm ent hotspot and  to com pare the fea
tures with other study sites using cluster analysis. 
H abitat quality was assessed by m easuring the  avail
ability of live corals in each transect at each site. Small 
live branching corals (e.g., Pocillopora sp., Stylophora 
sp., Seriotopora sp., Acropora spp.) w ere expected to 
provide preferred  habitat for new  recruits (e.g., Sale 
e t al. 1994, Ault & Johnson 1998, D.J.B. unpubl. data). 
Therefore, we estimated coral density in each  transect,
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Table 1. Pom acentrus spp, Comparison of pom acentrid recruitm ent to Shark Alley and other locations in  O ne Tree Island lagoon
since 1977. Values are  m eans ± SE w here available

H abitat, ree f size, 
depth

Dates Frequency 
of censuses

Densities of recruits 
Shark Alley O ther sites

Source

Patch reef (mean nos. per 8 reefs)
8 natural patch  Nov 7 6-F eb  78 
reefs (0.94 to 
3.31 m3) per 
location

Daily: J a n -  
Feb 77;
3 to 4 d: Jan - 
mid-Feb 78; 
Monthly: at 
other times

P. nagasakiensis 
22

P. amboinensis 
2

P, nagasakiensis 
Sandflat: 13 
First Bank: 8 

Centre Bommie: 0 
P. am boinensis 

Sandflat: 2 
First Bank: 1 

Centre Bommie: 0

W ilhams (1980), 
Williams & Sale 
(1981)

Patch reefs (nos. per patch reef)
20 reefs (1 to 2 m2) Apr 84, 
in  5 m  dep th  M ar 85

Once

Piecrust and Porites sp. thickets (nos. per 5 m2, n = 3)
4 m2 quadrats, Jan  85-A ug 87 2-w eekly to
30 m2 transects 2-monthly

Piecrust (nos. per 5 m2)
6 X 15 m lengths, Oct 93 -F eb  94, 2-weekly
0 to 4 m  dep th  at 
each site

Nov 94-Feb  95, 
Jan  99-F eb  99

Patch reefs (nos. per patch reef)
6 X rubble: 1 m  Oct 93-Feb  94,
diam., 2.5 to 5 m  Nov 94-F eb  95
depth at each  site

2-weekly

P. amboinensis 
1.45 ±0.24 (1984), 
2.90 ±0.53 (1985)

P. am boinensis 
Sandflat:

1.55 ± 0 .36  (1984), 
3.85 ± 0.68 (1985)

P. moluccensis P, m oluccensis
0.9 ±0 .4  (1985), Long Bank:
0.8 ± 0.2 (1986), 0.12 ± 0 .02  (1985),
1.6 ± 0.3 (1987) 0.18 ± 0 .05  (1986) 

Gutter:
0.6 ± 0 .1  (1984), 
1.0 ± 0 .1  (1985), 
0.4 ± 0.1 (1986)

P. amboinensis All other sites combined:
0.4 ± 0.05, P, am boinensis

0.05 ± 0.01, 0.025 ± 0.01,
0.4 ± 0.12 0 ,

P, m oluccensis 0.04 ± 0.01
3.5 ± 0.75, P. m oluccensis
0.3 ± 0.03, 0.5 ± 0.05,

6 ± 0.6 0.1 ± 0.015,
P. wardi 2.4 ± 0.8
1.5 ±0.02, P. wardi
0.7 ±0.1, 0.2 ± 0.025,
1.8 ±0.3 0.15 ± 0.01, 

0.2 ± 0.04

P. amboinensis All other sites combined:
3.7 ±0.3, P, amboinensis
1.3 ±0.2 0.2 ± 0.03,

P. nagasakiensis 0.02 ± 0.04
3.5 ±0.2, P. nagasakiensis
0.5 ±0.2 0.2 ± 0.004, 

1.0 ±0.01

Jones(1987b)

M apstone (1988)

This study

This study

expressed as live cover (using point-intercept quad
rats), and num ber of coral heads per 100 m2.

The direction of currents near the reef edge was 
m easured w ith Lagrangian methodology by deploying 
drogues in January  1996. Each drogue had a 13 cm 
diam. float and  a drogue fin that was suspended 0.2 to 
0.5 m below the  surface to minimise w ind effects. Ten 
drogues w ere  released  just behind the reef crest near 
Shark Alley during flood tides, in conditions of strong

onshore winds (from the southeast: 3 times) and when 
winds w ere from the northerly quarter (once only). The 
position of drogues was recorded every 1 to 5 min, and 
positions plotted on a m ap derived from an aerial 
photo. Oceanographic features adjacent to reefs may 
influence patterns of settlem ent (Kingsford et al. 1991), 
so circulation patterns outside the reef and  in the vicin
ity of Shark Alley were investigated. Tidal currents 
outside the lagoon run from the east to w est on the
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Table 2, Transect characteristics among 9 sites in One Tree Island lagoon 
used for recru itm ent censuses. Live coral cover is given as m ean  ± SE, n = 6 

transects, each 15 m long

RESULTS

Recruitment

Site Transect area 
(m2)

Max. depth 
(m)

% live coral 
cover

Live corals 
100 m '2

Shark Alley 140 2 46.8 ± 3 .2 195
Gutter 197 2.5 16.0 ± 1.8 41
Entrance 391 4.5 29.5 ± 2.2 112
Sandflat 151 2 21.9 ± 1.7 105
First Bank 312 3.5 11.0 ±0.9 14
Maze 196 3.5 30.9 ± 2.8 116
Centre Bommie 202 2.5 30.5 ± 2.7 78
Big Bommies 276 3 30.1 ±3.1 71
No Bommies 207 2 17.7 ± 1.5 54

flood and in the reverse on the ebb. Six drogues were 
released in a line, each separated  by 20 m (measured 
w ith a 20 m  rope tied  behind the boat) on flood (n = 
3 times) and  ebb tides (n = 3 times). The position of 
drogues w as plotted  according to GPS (global position
ing  system) fixes and  with respect to 3 anchored buoys 
of know n positions (release areas in relation to Shark 
Alley are show n in Fig. 3). All drogues w ere released 
outside the crest near Shark Alley during northerly 
winds, since it w as not possible to sample in this area 
during strong onshore winds.

Links between oceanographic and habitat features 
and recruitment variation among sites. A suite of 
oceanographic and  habitat features w ere m easured at 
each site to allow a dichotomous ranking of each fea
ture at each site as follows: (1) proximity to reef crest 
(within or beyond 200 m), (2) nearness to w indw ard 
side of reef (within 45° of SE vs otherwise), (3) p res
ence of a plum e (Fig. 1, from reef crest nearest to site 
and  less th an  200 m), (4) proximity of a protruding surf 
zone versus a continuous crest, (5) amount of live coral 
(<20% vs >20%  live cover).

This set of dichotom ous scores was recorded for each 
site, and em ployed in a cluster analysis among sites. 
Clustering of sites was com pared to recruitm ent 
among sites over the 3 sum m ers of the study, to test 
w hether a certain  combination of features was present 
at h igh-recruitm ent sites. The dichotomy was purpose
fully crude, to test its possible use as a rapid assess
m ent of potential settlem ent am ong sets of nearby 
sites.

In addition, w ind direction over the summer 
1994/1995 period was m easured daily a t each site, 
using a com pass and  allocating w ind speed to broad 
categories based  on 8 cardinal points. These data were 
used to test the  prediction th a t Shark Alley recruitm ent 
would be h ighest on days w hen winds blew  from the 
south-east, and  that Entrance recruitm ent would be 
highest w hen  w inds blew  from the north-east.

A to tal of 23 species of pom acentrids 
w ere recorded as new  settlers on piecrust 
continuous reef, while only 8 species 
recruited  to the rubble patch  reefs during 
the study. Three species dom inated re
cruitm ent in all 3 sum m ers: Chrysiptera 
rollandi, Pomacentrus moluccensis, and P. 
wardi, and  these species w ere common in 
all years (67% of recruits in 1993/1994, 
54% in 1994/1995 and 88%  in 1999). Only 
3 common species w ere m ore frequent on 
patch reefs than on piecrust: Chromis 

nitidia, P. am boinensis and P. nagasakiensis (Table 3).
Common recruits in the 1993/1994 season w ere gen 

erally common in 1994/1995 and  1999 (Spearm an rank 
coefficient with 1993/1994 recruitm ent: r = 0.58 for 
1994/1995; p < 0.01, and  r = 0.48 for 1999; p  < 0.05, n  = 
23 species), although rank abundance of Chromis 
viridis and  Dascyllus albisella recruits differed be
tw een  years. Most species settled in the period Decem 
b er 1 to February 15 in all years, although C. nitidia 
recruits w ere common on patch  reefs w hen  we arrived 
in October-November in 1993/1994 and  1994/1995, 
and had  likely settled in the previous month, Pulses of 
settlem ent of Pomacentrus am boinensis and P. naga
sakiensis on patch reefs occurred after the m ain census 
period, probably in late February-early March, based 
on their sizes w hen observed in April-July each year.

In general, it appeared  th a t most fish settled in the 
w eek on either side of the new  moon, since settlem ent
sized fish (<15 mm total length  [TL]) w ere  rare upon 
our arrival 10 d before the new  moon for each sample 
trip. However, a large settlem ent pulse of Dischistodus 
m elanopus apparently occurred a few  days before our 
arrival on 6 January  1994, since high densities of indi
viduals under 15 mm TL w ere seen at most sites, and 
so are likely to have settled around the full moon. This 
pulse dom inated sightings on the piecrust for the 
rem ainder of the summer, and  accounted for > 95 % of 
the  recruitm ent of that species over the  1993/1995 
period.

Overall recruitm ent was lower in 1994/1995 than in 
1993/1994 and 1999 for piecrust reef and  1993/1994 for 
patch  reefs (Fig. 2, Table 3), although several species 
w ere more abundant in 1994 (Table 3). Shark Alley 
piecrust transects and patch  reefs received more 
recruits than other sites, and  had accum ulated more 
recruits by the end of each season. The other 'outer' 
sites (Entrance, Gutter, Sandflat, First Bank) gen
erally accum ulated more recruits than  the 'inner' 
sites (Fig. 2). Between-year correlations of recruitm ent
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Table 3. Total pom acentrid recruits at One Tree island lagoon, based on w eekly censuses, at 9 sites pooled (n = 54, 15 m piecrust
transects (Pie); n = 54 patch reefs (Patch)

Species Recruits 1993/1995 
Pie Patch

Recruits 1994/1995 
Pie Patch

Recruits 1999 
Pie

A budefdu f sp. 0 0 1 0 0
Ambliglyphidodon curacao 22 0 40 0 0
Chromis nitidia 0 15 1 4 0
C. viridis 20 1 0 0 0
Chrysiptera biocellata 1 0 1 0 0
C. cyanea 1 0 8 0 0
Chrysiptera rollandi 298 0 86 0 82
Chrysiptera talboti 2 0 0 0 0
C. trincta 1 0 0 0 0
Dascyllus albisella 10 0 0 0 12
Dischistodus m elanopus 140 3 3 2 43
Dischistodus sp. 13 2 18 0 10
Neopom acentrus azysrons 1 0 0 0 0
Neopom acentrus m elas 16 0 13 0 4
Plectroglyphidodon sp. 0 0 1 0 0
Pomacentrus amboinensis 22 32 2 9 12
Pomacentrus bankinensis 3 0 3 0 0
Pomacentrus coelestis 2 0 0 1 0
Pomacentrus flavicauda 2 0 0 1 0
Pomacentrus moluccensis 297 0 43 0 456
Pomacentrus nagasakiensis 3 53 0 52 0
Pomacentrus vauh 1 0 0 0 0
Pomacentrus wardi 123 1 73 0 64
Unidentified pom acentrids 2 0 0 0 0
Total 970 107 313 68 683

among the 9 sites w ere high (Spearm an rank coeffi
cient betw een 1993/1994 and 1994/1995 recruitment: 
r = 0.86, n = 9, p  < 0.05; betw een  1993/1994 and 1999 
recruitm ent: r = 0.79, n  = 9, p  < 0,05; and betw een 
1994/1995 and 1999 recruitm ent: r = 0.91, n  = 9, p  < 
0.05), em phasising the tem poral persistence of spatial 
patterns.

Shark Alley hotspot: oceanographic and 
habitat features

Currents w ithin the lagoon and in the vicinity of 
Shark Alley w ere characterised as follows. During 
periods of onshore w inds, drogues w ere transported 
from the reef crest and  into the lagoon at speeds of 17 
to 22 cm s"1 (Fig. 3A), M ost drogues w ere transported 
down the channel adjacent to Shark Alley, and  m any 
of them  actually ran into the reef in  the vicinity of 
G reen Point in the m iddle of Shark Alley. For fish car
ried over the reef crest in this region, Shark Alley 
would be the first area  of continuous reef and deep 
sand habitat (2 to 4 m  deep) that potential settlers 
would encounter. W hen w inds w ere from the northerly 
quarter, drogues w ere advected tow ard the reef crest 
on flood tides (10 to 22 cm s“\  Fig. 3B). Exit points over

the reef crest corresponded to the position of plumes 
(Fig. 1).

Tidal currents w ere strong on the seaw ard side of the 
reef crest (Fig. 4A). On flood tides, drogues were trans
ported  in a westerly direction at speeds of 4 to 111 cm 
s~\ while ebb tide current speeds w ere 4 to 115 cm s-1 
in the easterly direction. The g rea t variation in speeds 
was due to some drogues that becam e stranded near
shore and  others that w ere caught in eddies. On the 
ebbing tide and during northerly winds, a conspicuous 
plum e existed approximately 150 to 200 m to the SW of 
the crest opposite Shark Alley. Some drogues that 
encountered the plume front near the exit point from 
the reef w ere advected into the plum e and  w ere 
retained in the plume for 2 to 38 min. Circulations 
within the plum e were further indicated by the multi
directional orientation of fixed buoys. Drogues that 
w ere released  in the surf zone behind  One Tree Island 
w ere advected in a rip zone tow ard the reef crest 
opposite Shark Alley. These drogues could not enter 
the lagoon during northerly winds, because transport 
was out of the lagoon near Shark Alley at these times. 
We presum e, therefore, th a t fish would have to swim 
against 10 to 22 cm s_1 currents to settle in Shark Alley 
at these times, unless they traversed the entire lagoon 
from the  northern side. Drogues that w ere released on
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cruitment w ould be h igh  under prevailing northerly 
winds, and Shark Alley recruitm ent w ould be high un 
der SE winds. Southeast winds predom inated  on nearly 
60% of sample days (Fig. 5), although most pomacen-

Fig. 3. Drogue tracks in vicinity of Shark Alley, One Tree 
Island (drogue fins 1 m deep). Parts of the island above the 
high-tide m ark are stippled, w idth of tracks corresponds to 
category of current speed. Drogues advected in (A) a 
northerly direction a t speeds rang ing  from 17 to 22 cm s-1, 
flood tide, southerly winds 15 to 20 knots, data pooled for 3 
times of release, 13 to 20 January  1996, and (B) a southerly 
direction at speeds ranging from 10 to 22 cm s-1, flood tide, 

northerly w inds -15  knots, 16 January  1996

ebb  tide near the exit points of plum es w ere quickly 
advected aw ay from One Tree Island in a northerly 
direction.

Prevailing winds versus recruitment: 
Shark Alley versus Entrance

If larvae w ere advected passively into the lagoon, 
then  w ind-driven surface currents may be good predic
tors of sites of high recruitment. Recruitm ent at 2 sites 
at opposite ends of One Tree Island lagoon, Shark Alley 
(SE edge) and Entrance (NE edge) w as com pared to 
w ind direction, under the hypothesis that Entrance re-

Fig. 2. M ean recruitm ent of pom acentrids a t 9 sites in One 
Tree Island lagoon. Recruitm ent to (A) continuous (piecrust) 
reef (per 15 m transect, m ean + SE, n = 6; 1993/1994: black 
bars; 1994/1995: shaded bars; 1999: w hite bars), and (B) patch  
reefs (per reef, m ean  + SE, n = 6; 1993/1994: black bars,- 

1994/1995: shaded bars)
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A

- 2 3  3 0 '3 0 '

Ebb/breach
500 m152°05 '0 0 '

B

-  23  30*30 '

prebreach & south w inds 

postbreach north winds

Flood/breach 
north wind Flood/breach

Sth wind and prebreach all winds 500 m
1 5 2 °0 5 '0 0 "

Fig. 4. Drogue tracks on reef slope (drogue fins 1 or 6 m  deep), outside, in the vicinity of Shark Alley, One Tree Island. Parts of 
the island above the high-tide m ark are  in black; w idth of track  corresponds to category of current speed. Dots and lines indicate 
direction in  w hich lines of fixed buoys swung at 3 times of observation; b reach indicates when the tide was h igh enough to enter 
ponding lagoon, p reb reach  w hen  lagoon was isolated by reef crest from w aters over reef slope. In  general, it was not possible to 
release drogues on the reef crest because of shallow water, a  swell, and coral boulders. (A) Drogues advected in  an easterly direc
tion at speeds ranging from 4 to 115 cm s '1, ebb tide, northerly w inds 5 to 15 knots, 16-17 January  1996; very low speeds w ere 
recorded for drogues that w ere advected into a turbidity plum e advected out of the lagoon in  these conditions; some drogues 
w ere retained for up to 38 min despite strong w est-to-east ebb flow; vertical arrows indicate edges of the region in which the 
ebb-tide turbidity plum e exited from the reef. (B) Drogues advected in an easterly direction at speeds ranging from 5 to 68 cm s"1, 
flood tide, northerly winds 5 to 15 knots, 16 to 20 January  1996; very high current speeds w ere recorded for drogues in  the rip 
zone of surf at the southeastern  tip of the islands in surf tha t was <1 m high; drogues were sw ept to the east and offshore of 

Shark Alley as w aters from the lagoon w ere advected  out of the lagoon, influenced by the wind
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W ind d ire c tio n

Fig. 5. (A) Predom inant w ind directions, and (B) recruitm ent 
of pom acentrids to E ntrance (shaded bars) and Shark Alley 
(black bars) sites in One Tree Island lagoon during prevailing 
w inds from N ovem berl994  to F eb ruary  1995 (means + SE)

trid recruits a t Shark Alley appeared  in w eeks with 
northerly winds. In contrast, most Entrance recruits ap 
peared  on rare w esterly winds. Unexpectedly, on the 
rarer w eeks of north  to north-east winds (12% of days 
in 1994/1995), recruitm ent to Shark Alley was signifi
cantly higher than  on other days (Fig. 5; 4 ± 2 m ean ± 
SE vs 1.5 ± 0.1 recruits, S tudent's t- test, p  < 0.05).

Recruitment among sites versus 
oceanographic and habitat differences

The 9 sites w ere grouped according to a suite of 5 
oceanographic and  habitat factors (proximity to reef

crest, nearness to w indw ard side of reef, presence of 
a plum e, proximity to a protruding surf zone, and 
am ount of live coral). Dichotomous scores for each fea
ture at each site w ere used, as described earlier. Outer 
and inner sites clustered separately, w ith Shark Alley 
closest to Entrance and  Sandflat sites (Fig. 6, right). 
Recruitm ent over the study period (Fig. 6, left) showed 
similar grouping am ong sites, suggesting a link 
betw een the suite of physical and  biological features 
and  recruitm ent.

DISCUSSION

Spatial and temporal variation in recruitment in 
One Tree Island lagoon

Recruitm ent of pom acentrids into One Tree Island 
lagoon varied greatly am ong years and locations. 
Among sites, strong gradients in recruitm ent of most 
species occurred from the reef rim to the centre of the 
lagoon, a trend  that was also noted for Pomacentrus 
m oluccensis by B. D. M apstone (unpubl.). Since hab i
ta t availability did not change predictably w ith dis
tance from the outer rim, it alone was unlikely to 
account for differences. One explanation is that la r
vae en ter the lagoon over the rim and settle in the 
first available habitat (but see below), as argued  for 
fish in seagrass beds by Bell et al. (1988). Individual 
species differed in their recruitm ent patterns, sug
gesting that behavioural responses may override 
nearshore advective processes. At least one species, 
P. coelestis, avoids w aters flowing out of One Tree 
Island lagoon, and  is therefore m ore common on the 
outer slope reefs (Doherty et al. 1996). In that study, 
just 3 recruits of this species w ere counted inside the 
lagoon over the 2 seasons, com pared to 1000s out
side.

Most species recruited in m uch higher densities in 
1999 and  1993/1994 than in 1994/1995. For instance, 
Shark Alley transects supported over 300 new  recruit 
pom acentrids by late February 1994, and 250 in 
February  1999, but less than  90 in February 1995. 
Extreme tem poral patchiness of recruitm ent was also 
seen for some species. Over 95%  of the entire 
recruitm ent of Dischistodus m elanopus  during 1993 
to 1995 occurred over a few days in early January  
1994, com pared w ith more regular recruitm ent of this 
species a t other locations (e.g., Lizard Island; Milicich 
et al. 1992). Such dramatic pulsing of recruitm ent has 
b een  recorded for other pom acentrids (e.g., Pitcher 
1989). Of the 2 most abundant species overall, Poma
centrus moluccensis was 9 tim es m ore abundant in 
1999 than  in 1994/1995, and Chrysiptera rollandi 
was 3 times m ore abundant in 1993/1994 than  in
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1994/1995. B. D. M apstone (unpubl.) recorded lower 
(up to 2 times) tem poral differences in recruitm ent of 
P. moluccensis w ithin One Tree Island lagoon among 
the years 1984 to 1987.

500 400 300 200 

T otal recruits

-  CB

- BB

- NB

- MA

- GU

- FB

- SF

- SA

- EN

100200 0
T o ta l re c ru its

Fig. 6. Comparison of total recruitm ent of all pom acentrids in 3 yr (1993/1994: 
black bars; 1994/1995: shaded bars; 1999: w hite bars) for (A) all pom acen
trids, and (B) Pomacentrus moluccensis, and clustering of 9 sites based on 
oceanographic and habitat features (proximity to reef crest, nearness to w ind
w ard side of reef, presence of a plum e, protrusion of a surf zone, and am ount of 

live coral). See Fig. 1 for site abbreviations

Shark Alley — a recruitment hotspot?

Shark Alley has, at least since the mid-1970s, been 
a location for unusually high recruitm ent of pom acen

trids (Table 1). Recruitm ent of pom acentrids w as up 
to 20 times h igher in Shark Alley than  at other 
lagoonal sites in similar habitats in this study.

Williams (1980) and Williams & Sale 
(1981) found th a t Pomacentrus naga
sakiensis  was 2 to 4 times more com
m on as settlers on Shark Alley patch 
reefs than  at other sites. Although 
Jones (1987b) found that similar re 
cruitm ent of P. am boinensis in  Shark 
Alley and a nearby outer lagoon site, B. 
D. M apstone (unpubl.) found that re
cruitm ent of P. m oluccensis was higher 
in most years than  at 2 other outer 
lagoon sites (see Table 1).

Despite different methodologies 
am ong these sites, it appears that Shark 
Alley has been  a recruitm ent hotspot 
since the mid-1970s. A suite of habitat 
and oceanographic features m ay ac
count for this uniqueness. H abitat 
availability m ay partly explain higher 
recruitm ent in Shark Alley for spe
cies such as Pomacentrus moluccensis, 
w hich prefer live corals (e.g., Sale et al. 
1994, Ault & Johnson 1998, D.J.B. un 
publ. data), bu t not for other species. A 
partial explanation may also be the 
location of Shark Alley adjacent to a 
major channel linking oceanic and 
lagoonal w aters. Larvae advected from 
outside w ould therefore pass Shark 
Alley before reaching other sites. How
ever, 2 other sites (Gutter and  Entrance) 
are adjacent to m ajor channels, and  yet 
their recruitm ent was m uch lower. Lo
cal oceanographic processes, including 
possible eddying of w aters over the reef 
slope near Shark Alley and  retention in 
plumes, or in  the  lagoon itself, may lead 
to higher densities of larvae near the 
site than elsew here. A sm all eddy 
adjacent to transects in Shark Alley was 
noticed during this study (D.J.B. pers. 
obs.), and this phenom enon was not 
noticed at other sites.

Peaks of settlem ent at Shark Alley 
w ere often, surprisingly, w hen  winds 
w ere predom inantly from the north, 
generating a ne t w ater flow out of 
Shark Alley channel (see Fig. 4). At
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these times, currents of up to 30 cm s-1 flow out of the 
lagoon as a  plum e. This suggests an elem ent of active 
swimming if fish en ter from the SE side. Large p re 
settlem ent pom acentrids are capable of swimming 
against currents in the range of 5 to 30 cm s-1 (Sto- 
butzki & Bellwood 1997) and may use the plum e as a 
cue to seek  reefal or lagoonal waters. We also argue 
that the presence  of surf zones may also play an im por
tan t role in transport. Reef fishes at the time of settle
m ent are know n to swim through surf zones (e.g., 
Doherty & M cllwain 1996), bu t transport processes 
associated w ith surf zones have received little a tten 
tion com pared to surf beaches. Rip currents generated 
by surf zones on beaches affect coastal w aters at 
spatial scales of m etres to kilometres (Short 1993), but 
have been  largely ignored on coral reefs. Surf zones 
that are found on topographic protrusions may be p a r
ticularly im portant, such as at the rear of One Tree 
Island, w here w aters are captured and funnelled to the 
reef crest near Shark Alley and the G utter (Fig. 4B). 
This m echanism  is likely to be most im portant on areas 
of reef on or near to the w indward side or during 
surge-pulse events at others.

tence of these features over long time scales. The char
acteristics of physical features such as plumes, p res
ence of surf zones an d  prevailing w inds have been  sta
ble over the last few  years a t least (M.J.K. unpubl. 
data), although a m ajor coral bleaching event in 1998 
im pacted some sites within One Tree Island lagoon 
(D.J.B. unpubl. data). However, the ranking  of sites in 
term s of live coral cover was not affected. The analysis 
of physical factors versus recruitm ent w as purposefully 
crude, to allow us to explore its usefulness as a 'rapid 
assessm ent' technique for identifying locations on a 
reef that may receive high recruitm ent. Further verifi
cation at other reefs and  with other fish taxa will be 
required  to assess its usefulness as a predictive model.
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Predicting recruitment using simple oceanographic 
and habitat features

W hen oceanographic and habitat factors w ere com
bined using cluster analyses, sites of highest recruit
m ent over 3 seasons grouped together for all pom acen
trids (Fig. 6A), and  for one of the most common species, 
Pomacentrus m oluccensis (Fig. 6B), indicating that 
such simple categories may prove useful in predicting 
sites of h ighest recruitm ent on reefs. It also suggested 
that unifactorial studies of recruitm ent, or studies that 
consider only one class of predictive variable (e.g., 
such aspects as larval supply, habitat availability or 
oceanography alone) are unlikely to be of great p re 
dictive value. For instance, while 'outer' sites in this 
study generally received higher recruitm ent than sites 
in the lagoon centre, the use of a simple predictor such 
as distance from the edge of the lagoon would not have 
identified the  Shark Alley hotspot among the other 4 
outer sites.

M odels such as that proposed here may be useful in 
determ ination of likely sinks of larvae, and how these 
may change tem porally as values for some of the p re
dictive features change (e.g., wind direction, swell 
height). The m odel indicates that the Shark Alley 
recruitm ent hotspot is a function of a suite of features, 
both oceanographic and habitat-related, leading to 
higher supply of potential settlers than adjacent sites. 
The in terannual persistence of high recruitm ent at 
Shark Alley may therefore be related to the persis
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