dendritic growth than either DHT or E
alone (13), but we do not know whether
this is a result of additive or interactive
effects of the metabolites or of specific
effects of testosterone itself.

In both birds and rodents, hormonal
differences in very young animals result
in behavioral and neuroanatomical diver-
gence of the sexes as adults (/4, 15). In
rodents, the incidence of behaviors typi-
cal of the opposite sex can frequently be
increased by hormone therapy in adult-
hood (16). In the adult female canary,
testosterone induces singing, a male-typ-
ical behavior, although female song is
not as complex as that of males (6, /7).
We have shown that dimorphic features
of one cell class within the song system
become male-like in testosterone-treated
ovariectomized females. However, al-
though the volumes of song control brain
nuclei such as RA grow with androgen
treatment, they do not attain male sizes
(6). Possibly, a smaller number of neu-
rons in telencephalic vocal control nuclei
of females (15) sets a limit to the size of
these nuclei and to the vocal virtuosity
they control.

The hormone-induced changes report-
ed here are remarkable in their magni-
tude and relation to a behavioral change.
To our knowledge, this is the first report
of dendritic growth induced by gonadal
hormones in the adult brain.
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The Fish Connection: A Trophic Link Between

Planktonic and Rocky Reef Communities?

Abstract. The blacksmith (Chromis punctipinnis), an abundant pomacentrid fish
off southern California, regularly forages on zooplankton during the day and shelters
in rocky reefs at night. This behavioral pattern results in the importation of 8 grams
of carbon per square meter per year, deposited as feces in the nocturnal shelter.
Since blacksmiths regularly return to the same shelters, this represents a transport of
extrinsic organic carbon to the reef which is predictable in time and space.

Inshore reef communities obtain or-
ganic carbon from two major sources:
algae attached to the reef and plankton
and detritus transported to the reef by
water currents. Oceanic zooplankton
may also be a source of energy; Hamner
and Carleton (/) concluded that their
contribution to the reef has not been
accurately assessed. We believe that the
inaccuracy is due in part to the fact that
an important trophic link has been over-
looked. In this report we describe a
pathway through which oceanic zoo-
plankton, consumed by planktivorous
fish, are made available to the benthic
community of inshore rocky reefs in a
manner that is predictable in time and
space.

Many temperate and tropical fish regu-
larly aggregate in the midwater and con-
sume zooplankton (2-4). While involve-
ment of planktivorous fish in the impor-
tation of energy to reefs has been sug-
gested (5), the mechanism has not been
investigated. The blacksmith (Chromis
punctipinnis) is an abundant fish of in-
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shore rocky reefs in southern California
(3, 6). At dawn blacksmiths emerge from
their shelters and migrate to specific
locations in the midwater, where they
forage almost exclusively on zooplank-
ton; at dusk they return to the reef and
shelter in crevices until dawn (3, 6). This
diel behavior is reflected in a pattern of
gut fullness: guts are generally full at
dusk and empty at dawn (3, 6). The
pattern, often used as evidence that
planktivores feed during the day (¢), also
indicates that the fish defecate at night
while in their shelters.

To determine whether blacksmiths
egest feces at night, we collected fish at
dusk with the aid of the anesthetic quin-
aldine and placed them individually into
20-liter plastic buckets that had lids fitted
with plankton netting (70-um mesh) to
promote water exchange yet exclude
sediments. The buckets were placed at a
depth of 10 m along the rocky bottom off
Santa Catalina Island, 35 km southwest
of Los Angeles, and retrieved the follow-
ing dawn while most fish were emerging
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from their shelters. The fish in the buck-
ets were then measured for length and
damp weight (7, 8), and all fecal pellets—
easily recognized by their red coloration,
cylindrical shape, and mucus envelope—
were removed, dried at 60°C, and
weighed. We collected measurable
amounts of fecal material from all 57
buckets. The largest fecal particle was
approximately 3 mm in diameter and 70
mm long. The amount of feces egested in
the buckets varied directly with fish size
and ranged from 6.8 mg for a 8.3-g fish to
90.1 mg for a 88.4-g fish (Fig. 1).

Egestion by the captive fish was not
simply a response to anesthetics or con-
finement. We placed 20 polyvinyl chlo-
ride pipes (50 and 100 mm in diameter
and roughly 40 cm long) into crevices
along the reef to simulate natural black-
smith shelters. Each afternoon we re-
moved accumulated sediments in the
pipes with a hand pump. Blacksmiths
began sheltering in some of the pipes
within 48 hours. Just before dawn we
removed the fish, plugged the pipes, and
brought the fish and pipes separately to
the surface. Nine fish (31.4 to 130 g)
were removed from the pipes; six pipes
contained from 3.7 to 52.7 mg of feces
(15.8 = 7.6 mg, mean =* standard error),
while the other three were empty. Al-
though these results confirm that black-
smiths defecate in shelters, this informa-
tion could not be used to check the
egestion data in Fig. 1 because individual
fish did not always remain in the same
pipe throughout the night. Some pipes
that were vacant after dusk contained
fish before dawn, while others contained
fish after dusk but were vacant before
dawn; four pipes that were vacant when
checked at dusk and dawn contained 7.6
to 35.9 mg of blacksmith feces.

We estimated the total amount of fecal
material egested at night by blacksmiths.
Quadrats (1 m? were randomly placed
along the reef at night and blacksmiths
that sheltered within the quadrats were
collected with quinaldine. Each fish was
weighed and its nocturnal egestion esti-
mated with the regression equation given
in Fig. 1; total egestion per square meter
was the sum of the estimated egestion of
each fish within the quadrat. Based on
data obtained in November 1980 from 18
quadrats at depths of 6 to 11 m, we
estimate that blacksmiths egested an av-
erage of 181.5 = 34.4 mg of feces (dry
weight) per square meter per night. Vari-
ation in estimated egestion among quad-
rats was due to differences in fish density
and body size. Density varied with bot-
tom relief—from 0 blacksmith per square
meter over a mixture of sand and flat
rock to 18 in a boulder pile (mean densi-
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Fig. 1. Relationship between fish size (damp
weight) and amount of fecal matter (dry
weight) egested at night by 57 blacksmiths
placed in plastic buckets along the reef. The
regression formula was computed by geomet-
ric mean regression (8).

ty, 6.4 = 1.06). Fish collected in the quad-
rats had a mean weight of 53.7 =
2.5 g; maximum total fish weight per
quadrat was 931.9 g.

Blacksmiths tend to return to the
same shelter area over long periods of
time. We tagged 13 individuals at night
in a cave 4 m long by 2 m high by 1 m
deep with color-coded monofilament
line looped through the dorsal muscula-
ture. The cave was searched for tagged
individuals 12, 13, 33, 34, 35, 47, 48,
and 71 nights thereafter. Although
homing behavior varied among individ-
uals, ten of the fish were seen in the
cave 12 nights after tagging, seven were
seen after 35 nights, and five were seen
after 71 nights (9).

We do not know the fate of the fecal
material. Although we regularly find
blacksmith feces on the bottom, they
do not accumulate over time. Some are
probably resuspended and exported,
especially in heavy surge and currents.
However, since many blacksmiths
shelter in deep crevices, and since their
feces sink rapidly (/0), a portion is
undoubtedly retained in the reef (/7). In
view of this consideration we deter-
mined the amount of organic carbon
transported to the reef as blacksmith
feces (12). Five analyses vyielded a
mean value of 12.7 percent as the car-
bon content (by weight) of dry feces
and a mean carbon-to-nitrogen ratio of
8.0. From our quadrat counts we esti-
mate that blacksmiths contribute a
mean of 23 and a maximum of 60 mg of
carbon per square meter per night as
feces. While this amount may be small
compared to the estimated amounts of
other kinds of detritus reaching the bot-
tom of shallow southern California wa-
ters (13), the contribution per unit area
is much greater in crevices where black-
smiths concentrate. Furthermore, where-
as most detritus enters benthic commu-
nities through passive, stochastic pro-
cesses that vary widely on a temporal

basis, the importation of organic car-
bon as blacksmith feces represents an
accrual of energy that is predictable in
time and space.

The blacksmith is probably the only
abundant fish off southern California
that imports organic carbon in this way.
However, many fish on tropical coral
reefs forage during the day on zoo-
plankton and shelter at night in the
coral. For example, 12 species of fish
off Kona, Hawaii, are diurnal plankti-
vores and seven of these have full guts
during the day and almost empty guts at
night (4). Finally, this pathway of car-
bon import is probably not restricted to
fish, but may involve other reef resi-
dents, such as demersal zooplankton
{14).
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