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Abstract Ecological specialization is common on coral
reefs and almost certainly contributes to the high diversity
of fishes and invertebrates associated with reefs. Here, the
recruitment pathway of an endemic Gulf of California fish,
the Browncheek Blenny, Acanthemblemaria crockeri
(Teleostei: Chaenopsidae), which specializes as an adult on
vacant invertebrate tests or tubes, is reported. Like most
reef fishes, Browncheek Blennies have a planktonic larval
stage that leaves the reef and later settles on suitable habitat
as a fully developed juvenile. These blennies follow a
clear, “two-step” recruitment pathway, however, and do
not reside in invertebrate tests until reaching an adult body
size. Individual juveniles and adults were observed for
3 min intervals in order to develop average time budgets
for this species. Members of both sexes and all post-set-
tlement life-history stages were included in the analysis.
The difference in habitat use by post-settlement juveniles
and adults is striking; the average juvenile spends none of
its time inside a test, and the average large adult spends all
of its time inside a test. Using data on intermediate-sized
individuals, the behavioral change associated with invading
a test was determined to be size-cued, and it occurs
between 20 and 30 mm standard length. Changes in feed-
ing and predator avoidance behaviors are also associated
with the ontogenetic shift from life in the open to life in a
shelter. Addition of artificial shelters demonstrated the
essential role of access to this specialized resource in the
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population regulation of adults but not juveniles of these
blennies.
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Introduction

Coral reefs are highly heterogeneous ecosystems that sup-
port a high diversity of fishes and invertebrates. Ecological
specialization and microhabitat use have been shown to
contribute to this high diversity and to resource partitioning,
especially among reef fishes (Sale 1977; Bellwood et al.
2006). Specialists often bear a cost of reduced ability to use
alternate resources (Caley and Munday 2003; but not always:
see Lawlor and Maynard Smith 1976; Robinson and Wilson
1998) and therefore may be especially vulnerable to resource
limitation and ecosystem change. Generalists, by definition,
are able to use a wider range of resources (Futuyma and
Moreno 1988). Within coral reef fish assemblages, there are
numerous species that live in specialized microhabitats in
and on the reef complex (Munday and Jones 1998).

Most reef fishes, including specialists, have a larval
stage that leaves the reef (Sale 1980; Doherty and Williams
1988). The pathway that these fishes follow to come to
occupy their adult reef niches is well known for many
generalists (e.g., Williams and Sale 1981; Wellington
1992; Ohman et al. 1998) and some conspicuous specialists
(e.g., anemone fishes, see Elliott et al. 1995; Elliott and
Mariscal 2001; Buston 2003). The ontogenetic shift from
planktonic larvae to juvenile nurseries to adult niches, that
many reef fishes undertake, is partly dictated by changing
environmental interactions that they experience during a
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severalfold increase in size from larvae to adults (Leis
1991). Some aspects of this shifting role, or so-called
“ontogenetic niche,” are well documented for fishes,
including changes in food habits (Gerking 1994) and
changes from planktonic larvae to benthic juveniles (Sale
1980; Doherty and Williams 1988; Kaufman et al. 1992).
Additionally, the transition from juvenile to adult habitats
has been shown to be an important transition in some reef
fishes (Jones 1984; Lecchini and Galzin 2005).

Recently, there has been a growing recognition of the
importance of small-bodied cryptobenthic fishes in reef
ecosystems, and many of these small fishes are microhab-
itat specialists (Munday and Jones 1998). Though they
have historically been underrepresented in reef diversity
and biomass studies (due to their small size and difficulty
in field identification), cryptobenthic fishes are signifi-
cant contributors to reef microcarnivory and detritivory
(Kotrschal and Thompson 1986; Depczynski and Bellwood
2003) and constitute a significant portion of reef fish
biodiversity (Smith-Vaniz et al. 2006). Many of these less
conspicuous specialists almost certainly follow a similar
“two-step” recruitment path, but few data are available
documenting this transition (Munday and Jones 1998;
Gongalves and Faria 2009).

Here, the ontogeny of microhabitat use in a small-bodied,
ecological specialist, the Browncheek Blenny, Acanth-
emblemaria crockeri Beebe and Tee Van (Teleostei:
Chaenopsidae) is documented and the role of adult micro-
habitat in limiting population density is examined experi-
mentally. Like most other chaenopsids, the Browncheek
Blenny is a microhabitat specialist, occupying vacant bur-
rows or tests of invertebrates on reefs (Hastings 1988). These
shelters serve as refuges from predators (Hastings 1991) and
as egg-deposition sites (Hastings 1986). The Browncheek
Blenny is endemic to the Gulf of California (Stephens 1963;
Lin et al. 2009), and its early life history is similar to that of
most other small benthic reef fishes (Thresher 1984; Miller
1984; Munday and Jones 1998; Depczynski and Bellwood
20006), i.e., eggs deposited on the substrate (in this case inside
shelters) are guarded by the resident male until hatching
(Hastings 1988), when the larvae enter the plankton to later
settle on hard substrates. In the central Gulf, Browncheek
Blennies breed from early spring through at least May
(Hastings 1988) and grow to at least 50.5 mm SL (Stephens
1963). Recent genetic studies have shown that two cryptic
species of Browncheek Blennies occur within the Gulf; the
population studied here is the “Gulf form” (Lin et al. 2009).

Materials and methods

This study was conducted along a rock ledge on the eastern
side of Bahia San Carlos in the central Gulf of California,
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Sonora, in spring and summer of 1984. This bay is well
protected and generally subject only to relatively weak
tidal currents. The substrate sloped gently from a steep
rocky shoreline and was composed of rock and small
boulders that gave way to sand and cobble substrate at
4-5 m depth. Hard substrates were encrusted with numer-
ous species of algae, sponges, and ascidians, as well as
colonies of the coral Porites californica Verrill. Both living
and dead coral heads were inhabited by the mollusks
Lithophaga aristata (Dillwyn) and Serpulorbis sp. Vacant
burrows of the former, and tubes of the latter, were often
occupied by Browncheek Blennies (Hastings 1988; Fig. 1).
Large boulders (1-2 m tall, long, and wide) were also
present at the study site and apparently resulted from
fracture and collapse of the overhanging rock ledge. The
encrusting benthic community of the upper surface of these
boulders was similar to that of the surrounding reef flat.

Focal observations of blennies

The microhabitat use by Browncheek Blennies was quan-
tified by observing individual animals while snorkeling.
Focal blennies showed no obvious reaction to the observer
who maintained a distance of at least 1.5 m from subjects.
Prior to focal observation intervals, individuals were scored
as resident (in a shelter; Fig. 1) or nonresident (in the open)
and their sex and body size were recorded (small [15—
19 mm standard length (SL)]; medium [20-30]; or large
[>30]). The size range of individuals observed in this study
was 15-49 mm SL. Sex was determined using lateral body
coloration. Female Browncheek Blennies have a series of
mid-lateral blotches, while males have several rows of light
spots on a dark background (Stephens 1963; Lindquist
1985; Lin et al. 2009); the anterior portion of the body
bearing blotches in females was visible on all focal indi-
viduals included in this study. Most individuals <20 mm

Fig. 1 Resident Browncheek Blennies (Acanthemblemaria crockeri)
in natural shelters (photo by Octavio Aburto)
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SL typically do not express sex-specific coloration, so all
“small” individuals were classified as “juveniles.” Focal
individuals were observed for 3 min intervals during which
the amount of time spent in a shelter and in the open
(mutually exclusive categories) and the number of feeding
bites taken both on the substrate and in the water column
were recorded. Because focal individuals were selected in
part to maximize the number of sample points in size and
sex categories, sample sizes do not reflect relative abun-
dances at the study site.

Blenny densities and shelter additions

The effect of shelters on the densities of resident (in a
shelter) and nonresident (outside of a shelter) Browncheek
Blennies was studied on the reef flat and on boulder tops.
On the reef flat, two permanent transects were established
at a depth of 1.5-3 m. The number of resident and non-
resident blennies was counted in each of 28 1 m? quadrats.
Quadrats on adjacent sides of the transect lines were ran-
domly assigned to either the experimental or control group.
Twenty-eight Porites coral heads without resident blennies
or apparent shelters were selected from an adjacent reef
area, and one coral head was added to each quadrat. Intact
coral heads were added to the control quadrats, while
experimental quadrats received coral heads to which two
artificial shelters had been added by inserting 1.5-dram
glass vials into holes drilled on opposite sides of head. This
was done in conjunction with a study on the reproductive
success of individual males (Hastings 1988).

Fourteen large boulders adjacent to the reef flat were
numbered, measured for upper surface area, and surveyed
for resident and nonresident Browncheek Blennies. Nine
boulders, averaging 1.7 m” in area (SD = 1.0, range =
0.6-3.4), were arbitrarily assigned to the experimental
group while the remaining five, averaging 2.0 m?
(SD = 1.0, range = 0.7-3.4), were assigned to the control
group. Between one and four, 1.5-dram glass vials were
added to coral heads and placed on each experimental
boulder (1.6 vials m2). Control boulders received coral
heads without vials or apparent natural shelters.

Fig. 2 Percent time spent in a (a)
shelter by observed

The densities of nonresident and resident blennies were
counted in experimental and control areas prior to coral
head/shelter additions (23 April) and 26 days (18 May),
35 days (27 May), 46 days (7 June), 63 days (24 June), and
101 days (1 August) after additions. During each census, the
numbers of juvenile and adult, resident and nonresident
Browncheek Blennies were recorded and converted to
number per square meter, and these data were analyzed
through time using a repeated measures analysis of variance.

Predation risk

The risk of predation on Browncheek Blennies was deter-
mined in two ways. First, the number of close passes
(<0.5 m) by a predator during each of the aforementioned
3-min focal observation periods was recorded. Second,
three-min focal observations were conducted on 18 indi-
viduals of the most common predator, the Yellow Snapper,
Lutjanus argentiventris (Peters). Specifically, the amount
of time spent foraging (that is, actively swimming just
above the bottom), on boulder tops or the reef flat, was
noted, and the number of feeding bites or strikes that were
observed was recorded.

Results
Focal observations of blennies

Microhabitat use by Browncheek Blennies was bimodal
(Fig. 2) with some individuals spending virtually all of their
time in the open and others spending all or almost all of their
time within vacant invertebrate tubes. Resident blennies (those
in shelters at the start of focal intervals) remained almost
exclusively inside their shelters, often with only the anterior
portion of their body exposed. They did, however, make
occasional brief forays outside to take feeding bites. Nonresi-
dent blennies (those outside of shelters at the start of focal
intervals) remained in the open and never entered a shelter.
They typically perched on a coral head or algae-covered rock
from which they made occasional short feeding forays.
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Table 1 Mean (standard deviation) percent time spent in shelters by Browncheek Blennies in Bahia San Carlos

Residency status and sex®

N Percent time in shelter (SD) zZ
J NRM NRF RM
Juveniles (J) 44 6.8 (25.4) - - - -
Nonresident males (NRM) 21 0 (0) 0.01 ns - - -
Nonresident females (NRF) 28 3.4 (17.9) 0.09 ns 0.02 ns - -
Resident males (RM) 98 99.4 (3.9) 8.93* 7.17* 8.04* -
Resident females (RF) 62 99.8 (0.4) 8.23%* 6.81* 7.56* 0.37 ns
Body size (sexes combined)®
N Percent time in shelter (SD) V4
M
Small (S) 44 6.8 (25.4) - -
Medium (M) 101 58.8 (49.0) 5.05* -
Large (L) 108 93.3 (24.7) 8.45% 4.65%

Z values are from a Mann—Whitney test
Bonferroni corrected probabilities: ns > 0.05; * <0.001

* Residency status and sex. RM = resident males (residents occupied a shelter at the beginning of focal intervals); RF = resident females;
NM = nonresident males (nonresidents were in the open at the beginning of focal intervals); NF = nonresident females

® Size class. S = small (<20 mm SL); M = medium (20-30); L = large (> 30). N = number of 3-min focal intervals

This pattern of differential microhabitat use was related
to body size, not sex. Males and females were common in
both resident and nonresident behavioral classes (Fig. 2),
and within these classes, the sexes did not differ in percent
time spent in a shelter (Table 1). In contrast, the size cat-
egories were disproportionately represented in the two
behavioral classes. More than 90% of all small individuals
(juveniles) spent none of their time in shelters; more than
90% of large adults spent all of their time inside a shelter,
and similar proportions of medium-sized individuals spent
either all or none of their time in shelters (Fig. 2). In other
words, the obtainment and defense of a shelter increase
with size (= growth; Table 1).

Nonresident blennies fed at a significantly higher rate
than residents (Table 2). This difference was unrelated to
body size: small nonresidents took on average 2.54 bites
3 min~' (N = 41), while medium-sized nonresidents took
2.58 bites (N = 40; P > 0.05, Mann—Whitney test). Non-
residents took significantly more feeding bites from the
water column, while residents fed more often from the
substrate (Table 2).

Blenny densities
Nonresidents

The results of nonresident density monitoring revealed a
clear recruitment pulse at the study site and confirmed that
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juvenile blennies occurred in the same habitat as adults,
often residing within a few centimeters of occupied shel-
ters. On the reef flat, juveniles were absent at the beginning
of the study (Fig. 3a), began appearing by the second
census period (18 May), reached a maximum average
density of just under 1 m~2 by census period four (7 June),
and declined to nearly 0 m~2 at the end of the study (1
August). These new recruits increased in size and attained
adult coloration within a few weeks. As a result of this
reclassification, adult nonresident densities showed a sim-
ilar, but lagged, peak in abundance behind that of juveniles.
Nonresident adults were absent at the start of the moni-
toring, reached their highest densities by census period 5
(24 June), and declined sharply by the last census
(1 August).

A similar pattern was observed on the boulder tops
(Fig. 3b): juveniles were absent at the beginning of the

Table 2 Frequency and location of feeding bites by nonresident and
resident Browncheek Blennies

Nonresidents Residents P
N 90 163
Bites off substrate 1.6 (1.6) 0.3 (0.6) <0.001
Bites on substrate 0.8 (0.9) 1.4 (1.4) <0.05
Total bites 2.4 (1.9) 1.7 (1.5) <0.001

Mean number of bites per 3-min focal interval (SD). Probability
values are Bonferroni corrected from a Mann—Whitney test
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Fig. 3 Mean density of nonresident juvenile and adult Browncheek
Blennies (Acanthemblemaria crockeri; with 95% confidence inter-
vals) on the reef flat (a) and on boulder tops (b) through time. Sample

study, reached a peak density by census period 4, and
declined by the final census. As on the reef flat, the peak
density of nonresident adults on the boulder tops occurred
one census period after that of juveniles. During peak
abundances, average densities of nonresidents on boulder
tops were more than twice those observed on the reef flat
(Fig. 3a, b).

The addition of shelters to experimental plots had no
statistical effect on nonresident densities on the reef flat or
boulder top habitats (Table 3). A repeated measures analysis
of variance of nonresident densities for combined control
and experimental sites indicated a significant effect of time
(F(s, 257y = 20.8, P < 0.001), confirming that total density
peaked after an initial recruitment pulse and then subse-
quently declined over the remaining census periods, and
habitat (F(;, 260y = 25, P < 0.001), confirming the higher
observed densities on the boulder tops compared with the
reef flat, and a significant interaction (F(s 2s7) = 11,
P < 0.001), implying a difference in the dynamics of non-
resident densities at the two habitats (Fig. 3a, b).

Residents

Artificial shelters were readily used by both male and
female Browncheek Blennies and were even suitable as
egg-deposition sites (Hastings 1988). Addition of coral
colonies with these available shelters led to a significant
increase in resident Browncheek Blenny density on both
the reef flat and the boulder tops when compared to the
control treatment of adding corals with no shelters
(Table 3). A positive relationship was seen between time
and density in both habitats (Table 3). The interaction
between time and shelter addition was significant on the
reef flat (Table 3), implying that the increase in density
associated with shelter addition had a significant time
component (i.e., a delay; Fig. 4). There was no significant
interaction between time and shelter on the boulder tops
(Table 3) indicating that shelter addition had already
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August

size for the reef flat = 28 and for boulder tops = 14. Months of the
year are given for context

Table 3 Repeated measures ANOVAs for effects of shelter additions
on densities of nonresident and resident Browncheek Blennies on the
reef flat (14 control and 14 experimental quadrats) and boulder tops (9
experimental and 5 control boulders)

df F P

Nonresidents: reef flat

Time 5 7.78 <0.001

Treatment 1 1.30 0.265

Interaction 5 1.26 0.284
Nonresidents: boulder tops

Time 5 13.33 <0.001

Treatment 1 0.18 0.677

Interaction 5 0.74 0.599
Residents: reef flat

Time 5 11.12 <0.001

Treatment 1 7.11 0.013

Interaction 5 3.37 0.007
Residents: boulder tops

Time 5 9.18 <0.001

Treatment 1 6.38 0.027

Interaction 5 1.87 0.113

affected resident density by the first post-addition census
(Day 26; Fig. 4).

Predation risk

In Bahia San Carlos, the risk of predation was greater on
the reef flat than on boulder tops. First, the number of
passes by predators within 0.5 m of focal blennies was
more than an order of magnitude greater on the reef flat.
The mean number of passes per 3-min focal interval was
0.69 on the reef flat (SD = 0.49, N = 36) and 0.05 on the
boulder tops (SD = 0.10, N =39; P = 0.02, Mann-
Whitney test). In other words, an average Browncheek
Blenny on the reef flat experienced a close pass by a
predatory fish every 4.5 min while an average blenny on a
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Fig. 4 Mean density of resident Browncheek Blennies (Acanthemblemaria crockeri; with 95% confidence intervals) in control and experimental
reef flat quadrats (a) and boulder tops (b) through time. Months of the year are given for context

boulder top experienced a close pass every 60 min. Sec-
ond, focal observations of the most conspicuous predator,
the Yellow Snapper, revealed that this species spends most
of its time foraging over the reef flat. Observed Yellow
Snappers spent on average 68.4% of their time foraging on
the reef flat (SD = 21.6) and only 3.1% of their time for-
aging on the boulder tops (SD = 4.6; N = 18; P < 0.01,
Mann—Whitney test). These individuals also took signifi-
cantly more bites on the reef flat (mean = 1.3 bites
3min~ !, SD = 1.3) than on the boulder tops (mean = 0.6
bites 3 min~!, SD = 0.2; P < 0.01, Mann—Whitney test).
Strikes by snappers appeared to be directed toward
organisms that had been startled by their rapid swimming.
During close passes by predators, resident Browncheek
Blennies withdrew into their shelter while nonresidents
remained motionless. No successful strikes by predators on
blennies were observed.

Discussion
Ontogeny of microhabitat use

The results of the time budget and density surveys clearly
show that Browncheek Blennies follow a “two-step”
recruitment pathway, with larvae, juveniles, and adults all
filling distinct niches. The first step involves the settling of
planktonic larvae onto hard substrates on the reef surface,
in the same general vicinity as tube-dwelling adults (resi-
dents). In Bahia San Carlos, this step took place mostly
during June and July, when a distinct pulse in numbers of
juveniles was observed (Fig. 3). These juveniles initially
spent all of their time as nonresidents. They did not recruit
directly to tubes but instead spent at least a few weeks in
the open, utilizing different behavioral strategies in pred-
ator avoidance and prey capture than their nearby adult
counterparts (see below). During these weeks, juveniles
grew and developed sex-specific coloration, but remained
in the open for some time, as indicated by the lagged peak
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in nonresident adult abundance observed at the site
(Fig. 3). Both morphologically distinct males and females
were observed living as nonresidents (Fig. 2), supporting
the hypothesis that neither sex nor development of
dimorphic coloration is associated with the second step of
the recruitment pathway. This step occurs when individuals
leave the open reef environment and enter vacant inverte-
brate tests that are known to be important for reproductive
success (Hastings 1988). Our time budget data show that
this transition is size-mediated (Fig. 2). An average indi-
vidual of less than 20 mm SL spent all of its time in the
open, and an average individual of more than 30 mm SL
spent all of its time in a shelter, implying that the cue to
leave the open and enter a shelter occurred between these
sizes. This implication is supported by our observations
that intermediate-sized individuals (20-30 mm SL) lived
as nonresidents and residents in similar proportions
(Fig. 2).

While habitat use is the most striking ontogenetic shift
in the Browncheek Blenny niche, it is not the only change.
Two further differences between juvenile and adult niches
are the means with which they escape predation and their
feeding behavior. Nonresident blennies rely on crypsis for
avoiding predation. During the time budget surveys of
Browncheek Blennies and Yellow Snappers, nonresident
blennies were consistently observed remaining perfectly
motionless during close passes by predators, a behavior
reported for other chaenopsids (Hastings 1991). This
strategy contrasted with resident adults, which simply
retreated into their shelters whenever startled or threatened.
Both methods proved effective, as we never witnessed a
successful attack on a Browncheek Blenny.

Furthermore, our time budget surveys revealed a sig-
nificant difference in feeding strategy between nonresi-
dents and residents in both the rate and location.
Nonresidents fed significantly more frequently than resi-
dents and more often on items from the water column,
rather than from the substrate (Table 2). Residents may
have been constrained to feeding primarily from the safety
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of their shelters rather than from the water column, while
nonresidents typically made short upward swimming
bursts, returning quickly to the bottom. This may be related
to predation intensity at this site or to reduced availability
of passing plankton in the protected waters of Bahia San
Carlos where strong currents were rare. The relative suc-
cess of these two feeding strategies and the types of prey
consumed were not assessed, but this ontogenetic shift in
feeding strategy of the Browncheek Blenny may contribute
to it having the highest observed feeding diversity among
34 Gulf of California blennioid species (Kotrschal and
Thompson 1986).

Effects of predators

The spatial distribution of Browncheek Blenny recruits was
not uniform in Bahia San Carlos. The density of juvenile
(and total nonresident) blennies was significantly higher on
boulder tops than on the intervening reef flat. Because
predatory fishes were more common and more active on
the reef flat, the observed distribution of juvenile Brown-
cheek Blennies is consistent with the hypothesis that pre-
dators impact their recruitment (to the reef, to the shelters,
or both). Spatial variation in recruitment is common in reef
fishes (e.g., Jones 1984; Sale et al. 1984; Cowen 1985;
Doherty 1987; Forrester 1990), and predators have been
implicated in this variation for some species (e.g., Tupper
and Juanes 1999; Albins and Hixon 2008). However, the
proximate cause of this difference in abundance of juvenile
Browncheek Blennies in the two habitats is unknown. The
higher density of juveniles on boulder tops could result
from preferential settlement there, higher predation rates
on the reef flat where predators are more common,
migration from reef flat to boulder tops by post-settlement
juveniles, or some combination of these. While high non-
resident Browncheek Blenny densities on boulder tops may
not be expected to affect reproduction (nonresidents do not
reproduce; Hastings 1988), resident male reproductive
success has been shown to be significantly higher on
boulder tops than on the reef flat (Hastings 1988). This
phenomenon could reflect an increase in feeding behavior,
mating interactions, or some other activity that might be
suppressed by predators on the reef flat.

Shelter limitation

Consistent with the observed ontogenetic shift in micro-
habitat, our results imply that shelters are not a limiting
resource for juvenile Browncheek Blennies but are limiting
for adults at this site in the Gulf of California. When
appropriate space was created (by adding shelters), the
densities of resident adults increased on both the reef flat,
which had a small pool of nonresident juveniles and

boulder tops, which had a larger pool of nonresidents. The
relative magnitude of this increase was higher on the
boulder tops, where the average increase in resident density
at the end of the study (Day 101) was approximately equal
to the average number of shelter additions (1.6 individuals
m_z; Fig. 4). On the reef flat, the final average increase
was only 1.3 individuals m_z, when compared to the
consistent addition of two vials m~~ in all experimental
quadrats. This difference in magnitude might be attribut-
able to the difference in juvenile pool size between the two
reef habitats, competition with other organisms that occa-
sionally used the shelters, or both.

A further difference between the two habitats was the
absence of a time component to the treatment on the
boulder tops. The difference in resident density between
experimental and control boulders was significant at the
first post-addition census (Day 26) and held up throughout
all further census periods during the study. In less than
30 days, this average difference was already nearly equal
to the number of average shelter additions. On the reef flat,
a consistent significant difference in resident density was
not maintained until the fourth post-addition census (Day
63). The presence of this time lag on the reef flat may also
reflect the difference in juvenile pool size between the two
habitats (i.e., there were insufficient available nonresident
juveniles to fill the shelters on the reef flat until later in the
study).

Space limitation in reef fishes is predicted where pre-
recruitment limitation is not a dominant force (Hixon and
Beets 1989; Hixon and Jones 2005) and benthic mortality
rates are high, especially from predation (Shulman and
Ogden 1987; Forrester and Steele 2004). This has been
demonstrated in several other studies on reef fishes (e.g.,
Shulman 1984, 1985; Caley and St. John 1996; Forrester
and Steele 2004), including other chaenopsids (e.g.,
Buchheim and Hixon 1992). These conditions apparently
applied to this population of Browncheek Blennies as
recruits were abundant and adult densities were dependent
upon availability of shelters.

Two-step recruitment

“Two-step” recruitment is not unique to these blennies.
Virtually all reef fishes pass through the first stage from
planktonic larval populations to benthic populations (Sale
1980; Doherty and Williams 1988). Shortly after settle-
ment, mortality rates are often high, on the order of 50%
within 1-2 days of settlement in some species (Almany
and Webster 2006). Under these conditions, survival
between juvenile and adult niches is often dependant upon
the availability of refuges from predators (Shulman 1985;
Hixon and Jones 2005). Therefore, in a number of reef fish
species, juveniles recruit to areas spatially distinct from
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habitats occupied by large, well-developed adults (Lecchini
and Galzin 2005). For example, some apogonids recruit to
patch reefs in sandy areas before moving to adult habitats
on the reef slope (Finn and Kingsford 2005). Ontogenetic
movement between distinct habitats is especially conspic-
uous among many large reef fishes such as groupers and
snappers (e.g., Eggleston 1995; Dahlgren and Eggleston
2000). This has led to the recognition of the importance of
distinct nursery areas such as mangroves and seagrass beds
as predation refuges for juvenile reef fishes (Nagelkerken
et al. 2002; Gillanders et al. 2003; Aburto-Oropeza et al.
2008).

Browncheek Blennies, unlike the aforementioned spe-
cies with isolated nursery areas, are similar to some other
reef fishes in that juveniles live among and around adults.
Notable among these are damselfishes where interactions
among juveniles and adults are relatively well studied
(e.g., Sweatman 1983, 1985; Jones 1987). However, the
recruitment pathway of Browncheek Blennies is unique in
that it seems to be operating in the reverse of the well-
described pattern of refuge seeking by juveniles (Shulman
1985; Hixon and Jones 2005). This pattern reflects the
importance of (and dependence on) shelters for adult
reproductive success in chaenopsids, not just as a means of
escape from predation (Hastings 1988, 2002).

Costs of microhabitat specialization

Ecological specialists often carry the cost of reduced ability
to use alternate resources (Futuyma and Moreno 1988),
especially those species with morphological adaptations to
their niche. Chaenopsids exhibit several apparent adapta-
tions associated with the use of vacant invertebrate tests,
including the loss of scales and loss of the lateral line on
the body (Stephens 1963; Hastings and Springer 1994).
These morphological features may represent phylogenetic
constraints associated with specialization (Futuyma and
Moreno 1988), in the sense that these character states were
inherited from ancestors and may reduce an individual’s
ability to survive outside of a shelter. Furthermore, the
significant decline in feeding rate associated with moving
to a shelter could have implications for Browncheek
Blenny success, through a sacrifice of maintenance,
growth, and reproduction. The typical ontogenetic trajec-
tory of chaenopsids, however, provides an opportunity for
release from these constraints via retention of juvenile
behaviors (dwelling in the open where feeding rates are
higher) and features (cryptic coloration) as documented for
females of the genus Coralliozetus (Hastings 2002). Males
of these chaenopsids are constrained to make the ontoge-
netic transition to occupy the specialized microhabitat
of shelters because these are sites of egg deposition
and defense (Hastings 1986). Finally, similar to other
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specialists (Munday et al. 1997), reliance on such a specific
biologically derived microhabitat for reproduction could
put this and related species at risk if ongoing global change
affects the distribution or growth of test-building inverte-
brates (Doney et al. 2009), even before it affects the
Browncheek Blenny directly.

The data presented here document the ontogeny of a
microhabitat specialist that follows a “two-step” recruit-
ment pathway leading from planktonic larvae, through a
benthic juvenile stage in the open reef environment, to a
specialized adult stage that relies on the colonization of
vacant invertebrate tests. Through both morphological and
ecological life-history tradeoffs, the Browncheek Blenny has
come to successfully fill a very specific ontogenetic niche
that has allowed it to become one of the most numerically
successful species on Gulf of California reefs (Thomson and
Gilligan 2002). In the face of seemingly irreversible eco-
system change (Sala and Knowlton 2006), it remains to be
seen if these tradeoffs will become a detriment or if these
life-history strategies will continue to be successful.
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