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Abstract TripleWn Wshes reach their greatest diversity in
New Zealand with 26 endemic species, and habitat diversi-
Wcation has been implicated as a key factor in the diver-
gence of this group. Despite this, it is unknown whether
species-speciWc habitat patterns in these sympatric Wshes
are established by passive processes (e.g. diVerential mor-
tality) or by habitat selection during settlement. We investi-
gate this question by comparing the habitat associations of
new recruits with those of conspeciWc adults in Wve species.
In addition, the amount of variation in habitat use of con-
speciWc recruits and adults was calculated to identify onto-
genetic shifts in habitat association. The results indicated
that while there were some diVerences between recruit and
adult habitats, these diVerences were small in magnitude
and habitat use of new recruits was similar to that of adult
conspeciWcs. This Wnding was further supported by the
small diVerence in variation of habitat use between conspe-
ciWc recruits and adults. The study suggests that new
recruits are actively involved in the selection of habitats at
settlement and maintain the use of these throughout demer-
sal life. Habitat use in these territorial species has a large
inXuence on mate choice, thus habitat selection by new
recruits would provide a powerful mechanism for pre-
zygotic isolation between individuals with diVerent habitat
preferences. Together these Wndings support the notion that
habitat diversiWcation has been a major component in the
radiation of this sympatric group.

Introduction

The evolution of habitat diVerences among closely related
species has received considerable attention (Morris 2003).
This is partly because habitat partitioning can result in pre-
zygotic isolation when mating requires suYcient proximity
between individuals (Johnson et al. 1996; Funk et al. 2002;
Bierne et al. 2003). For example, divergent preferences for
coral hosts reduces the probability of hybridization in coral
dwelling gobies (Munday et al. 2004), and divergent prefer-
ences for distinct lake habitats cause almost complete
reproductive isolation between cichlid species (Schliewen
et al. 2001). However, while many studies have investi-
gated animal-habitat associations in detail, less attention
has been given to whether divergent habitat use is the result
of active or passive processes (see Montgomery et al. 2001
and references therein). In philopatric species, a high
degree of habitat similarity between conspeciWc adults and
settlers would indicate active processes, while diVerent
ontogenetic patterns of habitat use in a species would sug-
gest that passive processes, such as habitat dependent mor-
tality, shape abundance and distribution patterns over time.

TripleWn Wshes (Tripterygiidae) reach their highest
regional diversity in New Zealand with 26 endemic species
(Clements 2003). Previous studies have shown that New
Zealand tripleWn species are highly philopatric throughout
ontogeny (Connell and Jones 1991) and have diversiWed in
habitat use over evolutionary timescales, with diVerent spe-
cies displaying only limited habitat overlap as adults (Syms
1995; Feary and Clements 2006; Wellenreuther et al.
2007a, 2008). The use of distinct habitats by adults of each
species occurs despite the fact that New Zealand tripleWns
have an 8–12-week pelagic larval phase (Kingsford and
Choat 1989; Tolimieri et al. 2000; Hickford and Schiel 2003),
during which the diVerent species are largely sympatric

Communicated by M.I. Taylor.

M. Wellenreuther (&) · K. D. Clements
School of Biological Sciences, 
The University of Auckland, Private Bag 92019, 
Auckland, New Zealand
e-mail: Maren.Wellenreuther@zooekol.lu.se; 
MarenWellenreuther@web.de
123



Mar Biol
(sensu Futuyma and Mayer 1980). Thus divergence in
habitat use also takes place on an ecological time scale
within each generation as larvae of each species settle and
shift from a relatively homogeneous pelagic distribution to
their more heterogeneous demersal distributions.

While it is well established that adults of New Zealand
tripleWn species are associated with speciWc habitat types
(Syms 1995; Feary and Clements 2006; Wellenreuther
et al. 2007a), it is unclear whether this is the result of active
processes at settlement (i.e. behaviour), passive post-settle-
ment processes (e.g. mortality), or both. Work on Forstery-
gion varium has shown that movement of juveniles
between habitats is extremely rare (Connell and Jones
1991). Tolimieri et al. (2000) demonstrated that light traps
with reef noise attracted substantially more tripleWn larvae
than traps without reef noise, indicating that pre-settlement
larvae use sound as a cue in the selection of habitat. Hick-
ford and Schiel (2003) sampled tripleWn larval abundance
at various distances from the shore, and found several dis-
tinct species-speciWc larval distribution patterns. Further-
more, tripleWn larvae have been observed to swim actively
in the water column and clearly maintain their position,
even in strong currents (Kingsford and Choat 1989).
Together, these studies suggest that larval behaviour plays a
role in determining settlement location.

On the other hand, Connell and Jones (1991) found that
newly settled larvae of F. varium occurred in a much wider
range of habitats than adults, and concluded that higher
post-settlement mortality in some habitat types led to a
more restricted habitat distribution of adults. Conversely,
Syms (1995) found that newly settled tripleWns were gener-
ally found in habitats (i.e. depth and biotic zonation) similar
to those of adult conspeciWcs, and suggested that this pat-
tern was likely to be determined by habitat preference
exerted at settlement (Syms 1992). Thus, it remains unclear
whether the species-speciWc pattern of habitat use in New
Zealand tripleWns is the result of active choice by individual
Wsh or diVerential mortality between habitats. The hypothe-
sis that habitat associations may have been involved in the
evolution of this group of Wshes (Wellenreuther et al.
2007a) is consistent with the former of these alternatives
(i.e. active choice), but not the latter.

This study aims to improve the understanding of the
causal factors determining habitat associations in tripleWn
species by comparing the habitat use of new recruits with
that of adults. Two hypotheses concerning the distribution
of newly settled recruits (<1 week post-settlement) of Wve
tripleWn species were tested. The Wrst hypothesis addressed
whether tripleWn recruits occupy habitats similar to those
occupied by conspeciWc adults by comparing the depth and
exposure, substratum and microhabitat selection of recruits
to that of conspeciWc adults. If recruits occur in same habi-
tats as adults, then this suggests that habitat associations are

largely established at the time of settlement. In contrast, if
recruits occur in a diVerent and wider range of habitats to
adults then this would indicate that post-settlement modiW-
cation inXuences patterns of habitat use. Recruit and adult
density can be accurately assessed in the Weld, as tripleWns
are highly philopatric (Clements 2003) and thus exhibit
minimal movement after settlement (Connell and Jones
1991). The second hypothesis addressed whether the
amount of variation in habitat use is similar between new
recruits and conspeciWc adults. If settlement occurs in a
wider range of habitats than those occupied by adults then
the degree of variation is expected to be higher. Con-
versely, if recruits settle into a similar range of habitats that
are occupied by adult Wsh, then the amount of variation is
expected to be similar between recruits and adults.

Materials and methods

Census methods

This study was conducted over three recruitment seasons
from January 2002 to May 2005 in the Hauraki Gulf
(36°36�S, 174°50�E) in north eastern New Zealand using
4 £ 4 m transects. Habitat associations of new recruits and
adult tripleWns were sampled as frequently as logistically
possible, with most months being sampled within each
year. Sites were selected to sample as broad a range of hab-
itats as practically possible. In each year, regular transects
were conducted at various onshore sites from the Whanga-
paraoa Peninsula to the Leigh Marine Reserve, and at
selected oVshore islands (Mokohinau Islands, Little Barrier
and Great Barrier Island, Fig. 1). Between three and six
transects were laid out at each site. The Wrst transect was
conducted at the deepest depth that could safely be sampled
(maximum depth dived 30 m), and the two subsequent tran-
sects were done at approximately 33 and 66% of the deep-
est depth. Additional transects were conducted in variable
depths if time and logistic constraints permitted. This
design was employed to allow sampling Xexibility at a
range of sites. A minimum distance of approximately 50 m
between transects was maintained to eliminate dependent
samples.

In total, 151 randomly placed transects at 36 sites were
sampled to examine the distribution patterns of newly set-
tled recruits and adults. Newly settled recruits could be dis-
tinguished from older individuals and adults by their small
size (t30 mm) (Connell and Jones 1991; McDermott and
Shima 2006) and lack of fully developed pigmentation
(Connell and Jones 1991). Pigmentation starts to develop
4–7 days after settlement (Connell and Jones 1991), and
can thus be used as a reliable indicator of recent settlement
(i.e. <1 week old).
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Prior to sampling, a location Wx was taken for each site
using a handheld Garmin® 12 global positioning system,
and a physically derived ocean swell exposure index (fetch)
was calculated based on the total sum of the fetch (maxi-
mum radial distance 300 km). Fetch calculations were per-
formed with the program “Fetch EVect Analysis” (available
at request from the author CR_Pickard@hotmail.com), a
measure that describes fetch distance from a given point
(GIS Wx) for each 20° compass sector (Thomas 1986). The
centre line of each transect was marked with a leaded line,
and a steel quadrat was used to outline each 1 m2. Habitat
use of new recruits and adults was recorded for each
4 £ 4 m transect. For each 1 £ 1 m quadrat within each
transect, the depth was recorded, and seven habitat vari-
ables were estimated visually as percent cover of the
substratum: rock (rocks > 7 cm), cobbles (rocks < 7 cm),
gravel (rocks < 4 cm), sand, mud, macroalgae, and coral-
line and turWng algae. The Wrst Wve variables always
summed to 100%, while algal coverage could range from 0
to 100%. TripleWns within each 1 £ 1 m quadrat were iden-
tiWed and their micropositions recorded as follows: on the
side/top of rock, free swimming, under rock or in crack, on
cobbles, on algae, on mud/sand, and under overhang.
Micropositions were deWned as the substratum upon which
>50% of a Wsh’s body rested (Feary and Clements 2006).

Analysis of habitat use of new recruits and conspeciWc 
adults

The analysis included only species for which new recruits
were observed in each of the three recruitment seasons, and
in which the total number of new recruits exceeded 50
observations over the duration of the study. This ensured
that observations spanned more than two recruitment years
and that habitat use could be estimated with some certainty.
Species that met these criteria were Forsterygion lapillum
(adults: 2,871; new recruits: 578), F. varium (adults: 830;
new recruits: 353), Notoclinops segmentatus (adults: 1,894;
new recruits: 291), Obliquichthys maryannae (adults: 596;
new recruits: 196) and Ruanoho whero (adults: 1,371; new
recruits: 358). Details on sampling sites and the densities of
adults and settlers observed can be found in Figs. 1 and 2,
respectively.

Habitat associations were investigated in three ways.
First, we compared the habitat association of conspeciWc
recruits and adults among 4 £ 4 m transects using Canonical
Correlation to identify any broad-scale diVerences in habitat
use. This ordination technique is useful for identifying corre-
lations between species and habitat variables. If habitat vari-
ables and species are plotted in the same direction on the
plot, then there is a positive correlation between those vari-
ables. In contrast, negative correlations are indicated by spe-
cies and habitat vectors in opposite directions to each other.

Second, we compared substratum selection of conspeciWc
adults and recruits by calculating the diVerences in substra-
tum use association (rock, cobble, gravel, sand, mud, macro-
algae, and coralline and turWng algae) by recruits and
conspeciWc adults within each transect. DiVerences were cal-
culated simply by subtracting the proportional use of habi-
tats of recruits from that of adults. The number of transects
for which both newly settled recruits and conspeciWc adults
were present was relatively high, namely 134 for F. lapil-
lum, 120 for F. varium, 117 for N. segmentatus, 39 for
O. maryannae and 26 for R. whero. The advantage of this
approach is that it takes substratum availability into account,
and thus is a powerful method to detect diVerences in habitat
selection between adult and recruits of a species. The calcu-
lated diVerences in substratum association between recruits
and adults were subsequently analysed with an intercept-
only MANOVA (one for each species), where the dependent
variables were the diVerences between habitat use of adults
and recruits for each habitat type. This analysis explicitly
tested whether the diVerence between adult and juvenile
habitat use was zero. We followed the multivariate analysis
with separate intercept-only ANOVA’s to assist interpreta-
tion of results. Recruits of two species, N. segmentatus and
O. maryannae, were never found to occupy habitats with
mud so this habitat was excluded from the analysis of these
two species. Third, we compared the Wne-scale habitat

Fig. 1 Map of study sites in the Inner and Outer Hauraki Gulf. Black
circles indicate study areas
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associations of recruits and adults by comparing the micro-
position between and within species using a Correspondence
Analysis. Canonical Correlations and Correspondence
Analysis were carried out in Statistica (Statsoft, version 8),
and ontogenetic diVerences in substratum association were
analysed in SAS (SAS, version 9).

Variation in habitat use

The degree of variation in habitat use of recruits and adults
was calculated by comparing each individual of a group
(recruits or adults) to all other individuals within that group
using the computer program HDA-1 (can be obtained from
http://www.pbarrett.net/). Thus, the raw data of the within
group comparison consisted of (N2–N)/2 comparison coeY-
cients, where N equals the number of individuals within a
group. The similarity between two individuals within each
group was expressed as double-scaled Euclidean distance,

and was scaled between 0 and 1 (where 0 stands for no dis-
tance and 1 denotes maximum possible distance between
variables, Wellenreuther et al. 2007a). The double-scaled
distance was subsequently expressed as a similarity index by
subtracting it from 1, thereby yielding a double-scaled
Euclidean similarity (DSE-S) measure, where 0 indicates that
all individuals within a group use completely diVerent mag-
nitudes of habitat variables, and 1 that individuals use exactly
the same habitat variables. The variable mud was not used by
new recruits of N. segmentatus and O. maryannae, and was
excluded from the comparisons for these two species.

Results

New recruits of all species were primarily observed from
October to April, with a noticeable peak from November to
February (Fig. 2). The new recruits were presumably

Fig. 2 Adult and settler density 
m¡2 of F. lapillum, F. varium, 
N. segmentatus, O. maryannae 
and R. whero at diVerent 
months. Error bars show 
standard error
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oVspring from eggs that were laid between July and
August, as tripleWn larvae are thought to have a pelagic lar-
val phase of approximately 2–3 months (Kingsford and
Choat 1989; McDermott and Shima 2006). Adult density
was usually highest just before the start of the tripleWn
breeding season, and started to decline at the end of the
breeding season. This pattern was particularly clear in
F. varium and F. lapillum, and less clear in N. segmentatus
and R. whero (Fig. 2).

Habitat use of new recruits and conspeciWc adults

TripleWn species were found to occupy distinct habitats,
while habitat associations of conspeciWc recruits and adults
were similar (Fig. 3). Adults and new recruits of F. lapillum
were found in shallow and sheltered habitats dominated by
soft and mobile benthic substrata such as gravel, cobble and
sand, while F. varium were strongly associated with macro-
algal cover and stands of coralline and turWng algae
(Fig. 3). The habitat of adults and new recruits of R. whero
were generally similar to F. varium, though individuals of
R. whero tended to be more closely associated with large
rocks (Fig. 3). Adults and recruits of both N. segmentatus
and O. maryannae were negatively correlated with the pres-
ence of mud, presumably because they were found in
deeper and more exposed habitats than the remaining spe-
cies (Fig. 3). Rock was an important predictor for the pres-
ence of N. segmentatus, while the schooling species O.
maryannae was not obviously associated with any substra-
tum type (Fig. 3).

Habitat associations of conspeciWc recruits and adults
were also highly similar within transects (Fig. 4). However,
three of the Wve global MANOVA’s detected signiWcant

diVerences in substratum selection (Table 1), namely for F.
lapillum (Pillai Trace = 0.1023, F6,177 = 3.36, P = 0.0037),
O. maryannae (Pillai Trace = 0.1920, F5,530 = 2.52,
P = 0.0406), and R. whero (Pillai Trace = 0.0325,
F6,600 = 3.36, P = 0.0029). Univariate ANOVA’s showed
that the habitats of recruits and adults of F. lapillum
diVered in the coverage of coralline and turWng algae and
macroalgae. It should be noted, however, that diVerences in
algal coverage were in both cases less than 5% (Fig. 4).
Similarly, recruits and adults of O. maryannae diVered by
less than 10% in their use of rock, and less than 5% in their
use of cobble and gravel. Lastly, habitats of recruits and
adults of R. whero diVered in rock, cobbles, gravel, mud
and coralline algae, but all diVerences were less than 4%.
Together, these results suggest that the magnitude of diVer-
ences between conspeciWc recruits and adults are negligible
and thus unlikely to be biologically important. Unlike the
MANOVA, univariate ANOVA’s found signiWcant diVer-
ences in the amount of coralline and turWng algae between
the habitats of recruits and adults of F. varium (diVerence is
less than 4%). This discrepancy may be related to an
increased chance of Type I errors being present in the uni-
variate analyses. N. segmentatus was the only species for
which no signiWcant ontogenetic diVerences in habitat were
found.

InterspeciWc habitat associations were less diVerentiated
on the microposition scale compared to the relative clear
partitioning seen in depth, fetch and the substratum vari-
ables. SpeciWcally, F. varium, F. lapillum and N. segmenta-
tus showed high overlap in the use of micropositions, with
all three species being strongly associated with the follow-
ing micropositions: on the side/top of rock, on sand/mud, on
algae, on cobbles, and under overhang (Fig. 5). Despite the
high interspeciWc overlap in these three species, R. whero
and O. maryannae showed pronounced interspeciWc diVer-
ences in microposition use, with adults and new recruits of
both species having the same preferences for microposi-
tions (Fig. 5). The microposition use of O. maryannae
recruits and adults was associated with the free swimming
category, and R. whero recruits and adults were associated
with the microposition under rock or in crack (Fig. 5).

Variation in habitat use

Analysis of intraspeciWc variation in depth, fetch and sub-
stratum types showed that the variation in habitat use by
conspeciWc recruits and adults (DSE-S) was comparable
(Fig. 6). While the median DSE-S values of adult F. lapil-
lum, F. varium, N. segmentatus and R. whero were higher
than those of recruits, the diVerence was negligible (diVer-
ence in median DSE-S values between conspeciWc adults
and settlers 0.01–0.04), indicating similar levels of varia-
tion in the use of habitat by adults and recruits. Recruits of

Fig. 3 Species habitat associations of adults (A) and new recruits (S)
of Wve tripleWn species. The names are abbreviated by the Wrst letter of
the genus followed by the Wrst letter of the species name. Coralline and
turWng algae is denoted by c&t algae and macroalgae by malgae
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O. maryannae had an apparently lower variance in depth
and exposure use than adults, although again this diVerence
was small (0.03). A similar pattern was found for substra-
tum type use, with F. lapillum (0.01), F. varium (0.02),
N. segmentatus (0.03) and R. whero (0.02) showing a negli-
gible diVerence between new recruits and adults in the
variation in substratum use. New recruits of O. maryannae
showed also a higher median value than conspeciWc adults,
but this diVerence was again small (0.02, Fig. 6). A consis-
tent pattern that emerged was that new recruits and adults
showed less variation in the use of depth and exposure than

variation in the use of substratum types. This was evident in
the overall higher mean DSE-S value for depth and expo-
sure (0.84) compared to substratum types (0.77).

Fig. 4 Percentage diVerence of 
substratum selection by recruits 
and conspeciWc adults. Positive 
values represent selection and 
negative values avoidance of 
substratum types based on their 
relative availability. A star 
denotes substratum types that 
were selected to diVerent 
degrees by recruits and 
conspeciWc adults

Table 1 Results of MANOVA’s testing for diVerences in habitat use
between conspeciWc recruits and adults within transects

Species Pillai’s trace F value df P

F. lapillum 0.1023 3.36 6,177 0.0037

F. varium 0.0439 1.31 7,200 0.2465

N. segmentatus 0.0258 1.12 5,212 0.3498

O. maryannae 0.1920 2.52 5,530 0.0406

R. whero 0.0325 3.36 6,600 0.0029

Fig. 5 Microposition use of tripleWn adults and new recruits. The
circle shows the position of new recruits and adults of the species
F. lapillum, F. varium and N. segmentatus, which could not be displayed
individually due to high overlap
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Discussion

This study investigated whether newly settled recruits of
Wve tripleWn species show habitat associations similar to
those of conspeciWc adults. This was done in two parts.
First, tests were conducted to determine whether habitat use
by newly settled recruits matched that of conspeciWc adults.
Second, we tested whether variation in habitat use of
recruits was similar to the variation seen in conspeciWc
adults. These two parts will be discussed in turn.

All species studied were clearly associated with particu-
lar habitat types. Examination of habitat associations

between 4 £ 4 m transects indicated that recruits generally
selected the same types of habitats used by conspeciWc
adults. The same pattern was found within transects.
Although some diVerences in substratum selection between
conspeciWc recruits and adults were found, the variation
was less than 5% for F. varium, F. lapillum, N. segmentatus
and 10% for O. maryannae, and thus can be considered
negligible. Therefore, new recruits and adults of a given
species had similar habitat use between and within tran-
sects. Not only were the habitat depth, exposure and
substratum use similar between adults and new recruits,
but also the use of micropositions, showing that habitat

Fig. 6 Histogram of the DSE-S 
coeYcient distribution of new 
recruits (black bars) and adults 
(white bars) based on intraspe-
ciWc variation in the use of all 
habitat variables. The open 
circle shows the median 
DSE-S value for adults and the 
closed circle the median DSE-S 
value for new recruits
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selection occurs even at a very Wne spatial scale. Of all of
the variables measured the depth and exposure exhibited the
lowest amount of variance between new recruits and con-
speciWc adults, meaning that depth and exposure were most
similar between these ontogenetic age classes. It would
appear therefore, that habitat depth and exposure is of par-
ticular importance, while selection for substratum variables
appeared to be less marked. Species-speciWc diVerences in
haemoglobins (Brix et al. 1999) and metabolic physiology
(Hickey and Clements 2003) are related to habitat depth in
New Zealand tripleWns, thus suggesting that physiological
constraints might be important factors in determining habi-
tat depth in these Wshes. Studies of other Wsh assemblages
have documented a similarly strong role of depth (Bean
et al. 2002) and exposure (Thorman 1986; La Mesa and
Vacchi 2005) in accounting for most of the spatial variation
apparent. Therefore, we can reject the possibility that settle-
ment occurs into a wider range of habitat types in these Wve
tripleWn species.

An important question is whether the patterns of habitat
use are determined actively (e.g. by larval behaviour) or
passively (e.g. by predation), and also whether the methods
employed in this study were suYcient to discriminate
between these mechanisms. These points will be discussed
separately. Many reef Wshes sample habitat prior to settle-
ment (KauVman et al. 1992; Carr and Syms 2006), demon-
strating that larvae are competent to make active choices
about where to settle. New Zealand tripleWn species exhibit
diVerences in horizontal and vertical distributions as
pelagic larvae (Kingsford and Choat 1989; Hickford and
Schiel 2003), and pre-settlement larvae actively use reef
sound as a settlement cue (Tolimieri et al. 2000). Further-
more, a recent study demonstrated that newly recruited F.
lapillum exhibited habitat selection under both experimen-
tal and Weld conditions (McDermott and Shima 2006). Lar-
val behaviour is thus likely to be involved in determining
settlement habitat in all species of New Zealand tripleWns.

Studies on both tropical reef Wshes (Tupper and Boutilier
1997; Almany and Webster 2006) and New Zealand triple-
Wns (Connell and Jones 1991) show that predation can have
strong impacts on the density of newly settled recruits.
However, the eVects of predation would have to be highly
species-speciWc to create distinct patterns of habitat use.
The Wve tripleWn species examined in this study are closely
related (Hickey and Clements 2005). Although they diVer
markedly in habitat use (Syms 1995; Feary and Clements
2006; Wellenreuther et al. 2007a), they share many mor-
phological and ecological characters (Paulin and Roberts
1992; Fricke 1994; Francis 2001), suggesting that the sus-
ceptibility of recruits to predators of these species is similar
with the possible exception of the schooling O. maryannae.
Furthermore, the local abundance of predators would have
to be spatially and temporally consistent for predation to

shape the habitat distribution of tripleWn recruits in a spe-
cies-speciWc manner. Data on the ecology of potential pred-
atory species of New Zealand tripleWn Wshes (Jones 1988)
suggest that this is very unlikely to be the case.

Finally, could high early post-settlement mortality inXu-
ence our ability to diVerentiate between active habitat
selection and post-settlement processes as determinants of
habitat use patterns? Repeated surveys by Connell and
Jones (1991) and Syms and Jones (1999) indicated that the
habitat distribution of newly settled recruits was stable over
at least 3 days, suggesting that habitat surveys of new
recruits are suitable to detect settlement signals. Connell
and Jones (1991) found that mortality was highest during
the Wrst week after settlement. Similar results have been
obtained in tropical reef Wshes, where some species suVer a
mortality rate of over 50% in the Wrst 2 days after settle-
ment (Almany and Webster 2006). If mortality is highest
immediately after settlement then cohort density is also
highest immediately after settlement, and consequently our
ability to observe individuals within a cohort (and their
habitat associations) is highest during this period. Patterns
of habitat association produced by post-settlement mortal-
ity by deWnition will involve a diminished proportion of
each cohort. Thus, the probability of detecting the patterns
of habitat association through ontogeny are a balance
between cohort density and temporal stability. In other
words, even if habitat distribution was heavily modiWed by
mortality in the Wrst few days after settlement, we neverthe-
less had a good likelihood of detecting the original (i.e. pre-
mortality) pattern of habitat association.

The ability to Wnd a suitable habitat directly at settlement
is critical to individual Wtness, since growth and survivor-
ship of juvenile Wsh is aVected by habitat structure (Jones
1988; Hixon and Beets 1989). Habitat selection at settle-
ment may therefore be an evolved response to Wtness trade-
oVs and patterns of post-settlement mortality (Keough and
Downes 1982). However, the Wnding that tripleWn recruits
have similar patterns of habitat use to conspeciWc adults
conXicts with the conclusions of Connell and Jones (1991).
This discrepancy may be attributable to diVerences in the
spatial and temporal scales used to examine habitat selec-
tion in the respective studies. Connell and Jones (1991)
sampled over 2 years at a single site, and their habitat com-
parisons between new recruits and adults were based on a
single species (F. varium) at a single depth stratum (10 m).
In the present study, habitat associations of new recruits
and adult tripleWns were compared in Wve species that were
observed over 3 years in a wide range of habitat types at
multiple sites, thereby allowing more comprehensive sam-
pling of habitat associations.

New Zealand tripleWn Wshes are highly philopatric (Cle-
ments 2003) and occupy the same territories (1–2 m2) for
their entire life (Thompson 1983), and recent work has
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shown that species speciWc habitat associations are consis-
tent across biogeographic gradients (Wellenreuther et al.
2007b). Mating takes place within the territory (Wellenreu-
ther and Clements 2007) and thus show parallels to phy-
tophagous insects and coral dwelling gobies (Berlocher and
Feder 2002; Munday et al. 2004; Nosil 2007). As a conse-
quence of this linkage between habitat and mate choice,
individuals with diVerent habitat use are spatially isolated
from one another and may not encounter each other during
the reproductive season (Wellenreuther and Clements
2007). Habitat use in New Zealand tripleWns is highly
divergent even between sister-species pairs (Wellenreuther
et al. 2007a), suggesting that habitat use in tripleWns may
be a “magic trait” (sensu Gavrilets 2004). Both theoretical
(Kirkpatrick 2000; Schneider and Bürger 2006) and experi-
mental (Rice and Salt 1988; Nagel and Schluter 1998) stud-
ies have shown that magic trait models are one of the most
plausible paths for speciation in the presence of gene Xow.
Examples of such magic traits include body size in stickle-
backs (McKinnon et al. 2004) and in sea horses (Jones et al.
2003), and habitat use in Wsh (Munday et al. 2004) and phy-
tophagous insects (Bush 1969; Feder 1998; Nosil 2007).
The results of this study suggest that the New Zealand
tripleWn radiation may present another example where
pre-zygotic isolation was facilitated by divergent preferences
in habitat use.

Conclusions

New tripleWn recruits displayed habitat use that was consis-
tent with habitat associations of conspeciWc adults, and the
level of variation in habitat use was comparable through
ontogeny. This consistency suggests that settlement pat-
terns are species-speciWc, and that new recruits maintain the
use of particular habitats throughout post-settlement life.
Therefore, species speciWc habitat associations appear to be
mainly the result of active selection during settlement,
while passive processes, such as mortality, are unlikely to
account for the speciWc habitat associations in these spe-
cies. Habitat use in these territorial species has a strong
inXuence on mate choice, thus habitat selection by new
recruits would provide a powerful mechanism for pre-
zygotic isolation. This supports the view that diversiWcation
of habitat selection may have been involved in the evolu-
tion of this sympatric group of Wshes (Feary and Clements
2006; Wellenreuther et al. 2007a, c).
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