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GUEST EDITORIAL

WHAT WILL AQUARIOLOGISTS DO?

JEan GARNAUD
Former Director of the Monaco Aquarium

Five years have already elapsed since the first International
Congress of Aquariology was held. This important meeting gathered
in Monaco for an entire week in 1960, during which nearly 150
aquariologists from 25 different countries discussed almost every

Qw::h.nical aspect of their profession in a most cordial way.

However, this very first congress could go no further than to
create a necessary link between colleagues and to prepare very
promising exchanges of views on the main subject areas. In this
respect, the success was encouraging, and it made clear to every one
of us how necessary it was to establish permanent relationships and
also to organize new congresses in order to probe deeper into the
subject. In spite of developing all this good will, nothing further
happened. This is detrimental to the development of aguariology,
which is altogether a science, an art, and a very complex profession.

Unquestionably aquariology has progressed noticeably. Still, a
good deal of improvement remains to be thought of and applied.
The results gathered should be coordinated, developed and general-
ized for the use of workers in the field. Research ought to be pushed.
Notwithstanding our efforts, our public aquariums only produce but
a remote impression of the living sea and the underwater world,
often dramatic, sometimes frightful. Our dsplays remain rather con-
ventional, and we should not take the chance of getting used to
them and accepting them instead of trying to reconstruct the natural

rspectives which we believe are as important as the display of the
animals themselves.
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1In short, a public aquarium has to be up to its purpose and to its
time. In order to reach this level, it must solve collectively its
problems of perspective, population, water lighting,
feeding, exchange and supply. It must also fight the hasic reasons
of its hackwardness: the relative isolation of the different organiza-
tiens, the difficulties of hiring and traming high quality employees,
and the stumbling blocks that force it to idleness, Consequently, it
becomes quite plain that an intensive eollaboration between anquari-
ologists throughout the world is a must, and that it should be
achieved without delay. Here we are, over 600 of us with the same
feelings, who could te into an international organiration

aimed at creating and sustaining links between aquariclogists, Thia.

task could be accomplished easily if the most dynamic and the
freest among us would undertake to carry it out.

Over and above the usual necessities of mail, news, and transmis-
sion-after-translation of the most essential published data of bibliog-
raphy, this organization would erganize reciprocal congresses with a
pre-estabished orientation. The subject matter would be prepared,
and, generally speaking, the results would receive maximum diffu-
sion. Furthermore, a serious technical 1 ine would lid
exchanges of view, link togeth hnically and i 1y the
big family of aguariclogists, sometimes far awsy, and would keep
us posted professionally.

Financially, this erganization could be self sufficient: on the cne
hand many countries will want to help its goals, on the other hand
the arquariclogists themselves represent a large enough number to
equilibrate the budget.

Many of us feel that this organization deserves to materislize
and become an active reality soon. What will aquariologists do
about it?
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MNIGHT HABITS OF FISHES OF ALLIGATOR REEF,
FLORIDA!

WaALTER A. STARCE, 11
and
WiLLtam P Davis
Institute of Marine Science
University of Miami
Miami. Flori

Since 1958 the senior author has been engaged in 2 prog of
research on the fishes of Alligator Reef off the Florida Keys. As a part of
this work over 100 night diving trips using SCUBA equipment were made
in the period from February, 1962, 1o September, 1966. The present paper
presents some of the observations on reef fishes made during these night
dives, The junior suthor participated in the night diving activities from
their inception throngh Angust, 1964

Published information en nocturnal habits of fishes is limited, and,
except for papers by Randall, Hobson, Schrecder and Starck, most available
information has been obtained from aquarium observations or inferred
from inaticn of 1 Among the few papers which deal
with pocturnal habits of various tropical marine fishes are Longley e al,
(1925), Longley (1927), Longley and Hildebrand (1981), Townsend (1929),
Breder (1948), Winn (1955), Hiatt and Strasburg (1960), Randall and
Brock (1960), Randall (1961, 1963), Schrocder and Starck (1964), Starck
and Schroeder (1965) and Hohson (1965

Hebson (1965) is the most comprehensive study of nocturnal habits in
fishes among these references. His work was carried out in the Gulf of
California and a oumber of interssting parallels with the present study may

.bc seen a5 well a5 seversl differences.

Schreeder and Starck (1964 and Starck and Schroeder (1963) are popular
accounts, with numerous black and white and color photographs, of part
of the present study. :

The remaining ciations mention nocturnal habits in reladon w the
biology of individual species.

METHODS USED FOR NIGHT OBSERVATIONS
Initially, cbservations were made through use of sealed-beam autamobile
headlights pewered by o bartery in a small plastic boat towed by the divers,
Most vhservations, however, were made with the aid of 30-watt scaled-beam

i Comtribution Mo, 755 from the Insttuse of Marine Science, University of Miami,
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spotlights arranged as a headlight and powered by nickel-cadmium or lead-

acid batteries carried by each diver.
smMmmdﬂeﬂmﬂwdnmbuhmnfwwmch
disperse at night was disk made by swi

mpmmmmﬂuumarmumlmurﬁ:hn
for distances up to one-quarter mile. A towed sled equipped with 2 230-wart
floodlight and a two-man submarine were used for loager transects of up o
three miles. On windy nighrs, transects were also made by permiming the
boat to drift and swimming with it at the end of a line.

Mos(nmruﬂspmcsm:uhnmnb:hmdhylhghnrmsluwly
in a confised manner. There is a direct rel
effect and light intensity, with a hghtdgmmwtthmgnymu
effecy than a dimmer one. Occasionally individuals will dart away when
struck by a light beam, but this response is not consistent within a species.
We noted that a light caused the strongest flight response shortly after sunset
when daylight was still slightly visible underwater,

Light of a full meon makes possible good observation in shallow water,
without the disturbance of artificial lights, and penetrates well enough for
more limited vision down to about 75 feet. White-sand bottom in shallow
depths permits some observation by available light even on moonlcss nights.
Alihough natural light cbservation is desirable in some instances we found
much more i could be gained with the

THE STUDY AREA

Alligator Reef (Ceast and Geodetic Survey, chart number 1250) in a
shallow knoll on the Florida Reef chain lying about thres and one-half
miles southeast of Upper M Key in the Florida Keys. The reef-top
ranges in depth from five to twenty feet (1.5 w 6 m) and the bottom is
composed of calcareous sand, coral rubble, and rock. Numerous alcyonari-
ans, sponges, and scattcred small coral heads are found in the areas of rocky
bottom. The most important topographic features are & rocky outcropping
in five to ten feet (1.5 1o 3 m) of water around the lighthouse an the shallower
part of the reef and a rock ledge, three to cight feet (1 to 2.5 m) high, facing
inshore which siarts about 200 yards (180 m) south of the lighthouse and
mmdslbvn!mprdi(mm)mrhcmmhwmtnu.:mctymm
imp places of for many speaes of recf fishes.

Ofishare from the resf-top is a band of sand 100 to 200 yards (%0 wo 180 m)
wide, gradually sloping to & depth of about 55 feet (16 m) where the deep
reef begins. The decp reef is @ rocky area 25 1o 100 yards (25 to 90 m) wide,
running parallel 1o the reef-top and 95 feer (28 m) deep at its outer edge.
It is traversed by numerous gullies, which are probably the remnants of
anclent surge channels or spur and groove formations (Shinn, 1963).
Sponges, corals, and alcyonarians cover the bortom. Seaward of the deep
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reef the bottom, coasisting of silt, sand, and coral rubble, gently slopes w
the deeper waters of the Florida Strairs.

Inshore from the reef-top the back-reef consists of coral rubble and sand,
which becomes finer in texture toward shore. Irregular patches of Thalasia
and other marine grasses are scartered through this zone. Occasional rocky
arcas covered with sponges and alcyonarians occur. About a mile inshore
from the reef~top the sandy back-reef ends and the lagoon, known ss Hawk
Channel, begins. Large beds of Thalassia, patch reefs, and flat rocky bottom
supporting aleyonarians, sponges, and Saragasnon dominate the lagoon
fheear,

Night dives were made in all of the reef zones described above to a depth
of 135 feet (40 m) about oae-half mile beyond the seaward edge of the decp
reef. Alligator Reef is in the West Indian faunal region and most of the
mhnomm:nmm!ﬂslmmmmwm
Alh.nhed\lhpmwﬁeﬂ'lmhm i led by over 160 coll

unsing ions and by m«mﬂwm
\tmil?spemsofﬁshnhnebecnmummufwhuchammmybe
considered to be reef inhabi The inder are pelagic forms and
species from adjacent inshore and decper water areas. Because the area and
lhfmmwmwmm nocturnal changes were generally
readily apparent. 2

OBSERVATIONS
Observations are p | in phyl i
Orectolobidac—nurse shark
Several small nurse sharks, Ginglymostoma cirrarm, \\rm found at night
resting under rocks on the reef-top. They feed on demersal fishes and
invertebrates during the day but may also be seen resting then, Nocturnal
feeding was not observed.
Carcl
Shark fishing is most productive on the reef ar night and large bull
sharks, Carcharhinus lencas, have been seen st dusk entering the reef area
from deep water. In spite of their greater abundance on the reef at nighe,
only a very few sharks have been observed after dark. Occasional small
carcharhinid sharks seen at aight were moving about actively in midwater,
Only onc large shark was cncountered afier dark. This individual, a bull
shark, came up behind the senior author who was kneeling on the bottom
of its approach. Another diver, Alan Emery, saw it moving in,
intercepted it and struck it on the nose with a camera housing. It whirled
about and departed.
Lack of more numerous sightings of large sharks after dark is probably
u result of their greater caution in shallow water coupled with some avoid-
ance of the lights used. Attempts to approach a shark at dusk by boat or by

by family,
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swimming while directed by an observer on the lighthouse resulied most
often in the shark fleeing o deeper water.
Torpedinidae—electric rays:

Narcine brasthensés has been seen frequently at night foraging in sandy
areas of the back-reef. Submarine transects, with a visibility of abour 25 feet
on either side of the vehicls, made in the back-resf area reveal one to three
of these rmys per mile.

Dasyatidae—stingrays:

Dasyatis americana is occasionally found actively moving about at night
on the reef. It feeds both in the day and ac night. Stomach contents of
specimens from inshore areas contain mostly penaeid shrimps and crabs.

The most sbundant cartilaginous fish on the reef is Uroloplus jamaicensis,
They feed at night and are easily discerned because of the reflections from
their eyes. One or more of these small rays can usually be seen within the
range of a diver’s light in any sandy area on the reef-top. During the day
they cheracteristically rest covered with sand and are not as easily found.
They occur less abundantly in the back-reef and lagoon and offshare to a
depth of 95 feer (28 m). At night their mottled pattern is faded. The poc-
turnal pettern of this species is lusuated in figure 1 and Swarck and
Schroeder (1965: 78). In figure 1 the arched head attitude forming a tunnel
into the mouth may be seen. Krumholz (personal communication) believes
this may be u feeding posture for trapping small crustaceans,
Clupeidae—herrings:

Several species of herrings arc active nocturnal plankton feeders,
Harengula peasacolas and to a lesser extent Harenguia humeralis are abundant
and active in many reef areas at night. Large numbers of them concentrate
o feed on plankton attracted by the night light. In the day they school over
sandy bottom in the back-reef ares.

Jembinsia lamprotaema is another species attracted in great numbers to a
light. During the day they form dense schools around rocks, coral, or other
cover. The rocky ledge on the reef-top and parch reefs in the lagoon are
favored schooling locations. At night the schools break up into smaller more
looscly associated foeding groups and arc found over much of the reef area

Jenkinsia majua behaves similarly to the preceding species bur schools
chiefly on the deep reef in the day. Often it forms mixed schools with
Sardinella anchovia. At night it ranges up over the reef as well as ar least
one-half mile beyond ar a depth of 135 feer (40 m).

Sardinella anchovia is en active night feeder from the outer edge of the
reef to several miles beyond the reef into the Florida Current. They are
commen in the day along the outer reef edge ar 2 depth of 75 10 90 feet
(22 to 26 m). Several specimens have also been taken in trawl and rotenone
collections during the day at By depth of 150 l'::t (45 m). Long]:y ami
Hildebrand (1941: 7) report Sardimedl: a5

ing
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at the surface about a night light over 10 1o 20 fathom depths at the Tormugas,
Florida.
Synodontidae—lizardfishes:

Two synodontids, Symodur symadur and Trachinocephalus myops, have
oceasionally been observed at night in several reef zones. Both species are
typically found partally buried in sandy arcas and respond to & light by
erratic movements in 1 manner characteristic of nocturnally active animals.
Synodontids also feed actively in the day by erupting from their resting
position on the botrom to strike their prey as it passes over,

Muraenidae—morays:

Enchel: igri G 2 funebris and Cymmothorax meringa
are commaonly s,eeu ar n.{g‘hL. Morays are active nocturnal feadl:n (Fliaes
and Strasburg 1960: 74) often emerging completely from rocky crevices
where they are found in the day. The species listed are principally fish
eaters. On one occasion 8 Gymmothorax meringa abour 60 cm long bir off
an arm from en octopus with an arm spread as long as the length of the
moray. The octopus had backed into the moray as it was retreating from a
diver. A violent seruggle ensued for abour 10 seconds until the moray broke
free, devouning an armiof the octopus.

Ophichthidae—snake sels:

All of the eleven species of snake ccls collected at Alligator Reef are to &
greater or lesser evtent burrowing forms. Echiopsic mordax, Myrichthys
acuminatus and Myrichthys eadatus have well developed eyes and fins and
display striking color pacterns. At night ecls which appeased to belong to
this group have occasionally been seen with their heads extended from the
sand of the reef-top and back-reef areas. On several occasions one species,
Muyricheiys eaulatus, has been found completely in the open so that specific
identification was possible. Though tm may rarely be seen in the day the

much greater freq of sightings after dark together with the emergence
from the sand of invertebrates which arc their food is indicative of nocturnal
feeding habits.

Other ophichthids of the genera Ahita, Carolophia, Myrophis, Sphaego-
branchus and Verma are smaller specics and have poorly developed eyes,
fins, and pigment parterns. Though they are more common than the larger
species in rotenone collections they are very rarely seen in the open. Pre-
sumably they subsist on the interstitial fauna and seldom emerge completely
from the substrate.

Congridac—conger eels:

Garden echs, N ichikys halis, are just beyond the cuter edge
af the deep reef in depehs of 95 to 100 fect (28 to 30 m) and to a lesser extent
in the sand band just inshore of the deep reef at a depth of about 60 feet
(18 m). They feed actively in the day, picking plankton as it drifts past their
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burrows., MNight dives in these arcas have failed to reveal any garden eels,
and we believe that they are inactive at night,
Belonidae—needlefishes:

Piatybelone argalus is common and active over the reef both night and
day. Schools of up to 100 or more individuals of about 30 an standard
length are sometimes seen around the lighthouse at nighr.

Houndfish, Tylosurus crocodifus, a meter or more in length, are frequently
seen over all areas of Alligator Reef, They also appear to be acrive both night

and day. Most ly they are seen inds lly or in small groups and
do not form the large schools of the preceding species.
Hemiramphidae—half beaks:

Hemiramphus braniiensis is present over the reef in grest numbers,
especially in the fall and winter, with schools of from tens to thousands of @,
individuals. They may be in any reef zone, but are most prevalent over the
reef-top and fore-reef. The schools move abour actively at night as well as
diurnally. An underwater nightlight suddenly turned on results in hundreds
of these fish showering 1he surface around the hoar. They feed largely on
floating blades of marine grasses but will also take small animals {Randall
1965: 258). Feeding occurs in the day and probably also at night.
Fistulariidae—cornetfishes:

Fismidaria tabacaria hes been seen a number of times at night, It occurs
in back-reef or lagoon areas and both over sandy bottom and ever alcyonarian,
Spheciospongia, and Thalassia bortom in Hawk Channel. Eight specimens
were scen in a one-mile night transect in Hawk Channel, They are solitary
predators on medium-sized reef fishes,

Only once has a cornerfish been seen at Alligator Reef in the day.
Syngnathidae—pipefishes and seahorses:

Syngnathus Imasianae has been scen, and collected, partially buried in
sand of the back-reef area at night,

Hippocampus reidi has been observed in & grass patch of the back-reef at
night, apparently inactive as it clung to the grass by its prehensile il

The small number of sightings, feeding habits, and small eyes are nur.
indicative of general nocrurnal feeding among Syngnathids,
Holocentridac—squirrelfishes and soldierfishes:

Five species of squirrelfishes are common ar Alligator Reef. All have been
observed ar night. Hol ienis and Hol ur rufus live in-
dividually in rocky holes on the reef~top and on the deep reef. Holocemorus
vexillarins and Holocentrus coruscus are usually found in numbers in coral
crevices or under ledges from the reef-top shoreward. All emerge at night
to forage in adjacent areas of mized rubble, sand, rock and grass botom,
Myripristis facobus & found in groups under rocky ledges on the reef top
and emerges after dark. [t does not range es far as do the species of Holo-
cemrrus and tends to forage over the reef-top. [t has not been observed ar the
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fig. 1—Urolophus jameicensis in franiol riew showing the arched head shituds cammanly
abssrvad al night.

surface as reported by Hobson (19652 297) for M. ocridentalis.

Several references refer to nocturnul habits in this group. Hiott and
Strusbusg (1960: 76) and Randall {1963 : 44) classify the family es nocturnal,
and Hobson describes nocturnal habits in two Gulf of California squirrel-
fishes, Longley and Hildebrand (1941 53-54) state that Holocemtrus
ascensionis, Holocenrrus coruscus and Holocentrus vexillariw feed by nighe
and lie hidden by day. No distinet nocturnal color changes were seen in
holocentrids ot Alligator Reef, though Breder (1949: 92} reports thar
Holocenmrus ascensionss becomes much paler, almost white, at night in
aquaria. This chenge was probably relared w being held over a white
substrate in an aquariom,

Serranidae—sea basses:

Groupers appear in the same rocky areas and behaye in a similar manner
doy end night. Epincphelus sersatus, Myeteroperca, bomaci, Mycieroperca
microlepis, Mycteroperca phemax, and Pefrometopon (rueniafum arc among
those frequently observed at night. Petromatopen cruentatum, the smallest
species, is found in rocky crevices and stays among the rocks both day and
night. The other specics are more free-moving but still do not wsually go
far from cover. Groupers probably have peaks of feeding activity around
sunrisc and sunset but, in commen with mest larger predacecus fishes, feed
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any time food is available. Hobson (1965 293) found this feeding pattern in
Mycteraperca rosacea, which he classified as diurnal but for which he
described intense feeding periods around sunrise and sunser. Other refer-
ences are not inconsistent with such a pattern. Randall and Brock (1960 11)
found that the stomach contents of 11 species of groupers they examined in
the Socicty Islands had the majerity of full stomachs in the moming.
Longley and Hildebrand (1941 96) report that Epinephelus morio feeds both
day and night but do not indicate pesk periods. Randall {1965 : 13) cxamined
stomach contents of 250 specimens of Epinephelis serfarus and found largely
fishes and crustaceans were eaten. Food organisms were charactenistic of
rocky or coral arces, but no feeding time was determined other than that
the speeimens were collected in the day and that 100 of them had empry

stomachs. Forty percent empry stomachs does not indicate peak feeding m.

the day.

Diplecerum Evvitiatom wes scen resting at night on sand and rubble
bomom about one-half mile beyond the deep reef ar a depth of 135 feet
(40 m). It exhibited a blotched color pattern similar to that of some grunts
(Hagmuelon spp.) at night.

Diplecirun formosum has been observed in the sandy back-reef area ar
night and after dawm among the blades in sparser aress of Thalassia growth,
Neither species of Diplectrum appeared to be active at night.

Other small serranids of the genera Hypoplecrrus and Servamus also appear
ta be inactive at night. Serranws tabacarae is seen resting on the bottom in
surge channels on the deep reef in depths of 50 to 90 fect (15 to 27 m) and
. tortugarum behaves similarly on the rubble bottom just beyond the deep-
reef. Hypoplectrus smicolor and H. gemma have been found restng close to
the bottom in rocky arcas on the decp—reef. In some mdividuals of H. gemma
2 parern of pale blotches was observed. Other species of Serramus and
Hypopiecirus, although commenly seen in the day, have not been observed
at night and arc presumably inactive, Stomachs of these species, taken in
the day, usually conrain food. Stomach contents of species of Serramys from

Alligator Reef are reported in Robins and Starck (1961). (
o et d Hizh .

Rypricus subbifrenatus is 2 smaller species commonly taken in rotenone
cellections in rocky and coral areas. It has not been observed in the day butat
night is occasionally seen among the rocks and coral in the same locatons
where it is collected in the day. ;

Rypticus bistrspinns is found primarily around isolated small rocks or
sponges on level bottom beyond the deep reef. Tt & ofien in pairs. One
night a specimen was seen moving about on open sandy bottom in an area
of scattered large sponges in 135 feet (40 m) of water.

Solitary individuals of Rypeicus suponacens are usually found among rocks
in the day. At night it emerges but remains in the vicinity of the rocks.
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I'ic Eastern Pacific soapfish, Rypticus dicelor, 1s also reperted to be a
pocturnal feeder (Hobson, 1965 297).

Lutjanidac—snappers:

Lutjanids are primarily nocturpal feeders though they also feed in the
day to varying extents depending upon the species and the availability of

od. Lutjanus apodus and Lutjarus griseus form schools (sometimes mixed)
of several hundred w several thousand individuals over rocky bowom at
certain locations on the reef-top (fig. 2. These species also occur in other
inthore locations, At sumser the schools grow incressingly restless, and
abour 30 1o 45 minures after sunset they disperse.

After dark Lutfamur apodus forages individozlly in rocky aress on the
reef-top. They feed primarily on crustaceans and small fishes, mcluding
resting diurnal species such & pomacentrids, The Esstern Pacific cognate of
Lutjanus apodus, L. argentmentrir, s reported by Hobson (1965: 297) to
feed nocturnally in rocky areas near shore.

Iuijanus griseus feeds n more open areas of the reef-op and back-reef,
They frequent mixed rubble, graes, and sand bottom, and broken bottom
of spenges and alcyonarians on & flat rocky substrate. Gray or mangrove
snapper commonly range as much as a mile from their daytme resting
places. They peey largely, on crustaceans and fishes, The most important

Fig, 32— & large divmal schosl of gray snepror (lutjamss grlseus) =itk a fow Hasmulen
seiures and L opodes beneath Alligoier Lighthosse.
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of the fishes caten are specics of grunts of the genus Haemuion which are
nocrurnal feeders in rhe same areas.

Lutjamus jocu is similar to Lugjames apodus in body form and color and it
also feeds in rocky areas, Lugjanus focu is more solitary in habits, however,
and rends 1o be found under ledges and in caves during the day. It is a fish
end crustacesn eater as 1 Lufpomur apodus, but 1ts larger size permits it to
consume larger prey. Competition may thus be reduced between these two
similar species which feed in the same areas and on the same type of prey.

Lutjarus synagris occurs in the sandy back-reef area where it forms small
schools close to the bottom o the cover of alcyonarian and sponge patches.
At night it is usually seen around the scattered griss patches and over sandy
rubble bottom of the back-reef. Its food is largely the small invertebrates
which emerge in theve areas after dark.

Juveniles of Lurfans buccarelia were observed on twooccasions wandering
about over the silty sand and rubble along the outer edge of the deep-reef.
Small resting schocls have been occasionally scen on the deep-ree! during
the day. The adults of this species are found commonly in depths of 50 o
100 fathome (85 to 180 m). The young of several other deeper water serra-
nids and latjanids also occur in shallower water than the adults,

Ocyurs chrysurus 6 a semi-pelagic snapper which ranges throughout
the reef habitat, It is most often found in loosely associated schocls over
rocky arcas and it feeds actively both day and nighe, It is most successtully
caught by commercial hook and line fishermen at night. Food of this species
consists mainly of larger planktonic and smaller nektonic organisms together
with some benthic crustaceans and worms, Crustaceans and small fishes
from the drifting Saragacsum community are also eaten.

The biology of lutjenids occupying West Indian coral reefs has been
studied by the senior author, espedially with reference w0 Luglanus griseus
{Starck, in press). Longley o al, (1925: 232); Longley (1927: 70); and
Longley and Hildebrand (1941: 115-121) also give notes on the biology
of several Florida lutanids and indicate nocrurnal feeding for the species
discussed.

Priacanthidae—bigeyes:

Prigcanthus cruemiains occupies holes and ledges on the reef-top during
the day. At night it emerges bul remains in the same rocky areas and bears
a mottled color pattern faintly scen in the doy (figs, 3 and 4). Hiatt and
Strashurg (1960 81) suggest thar this species feeds in caves during the day
in the Marshall Iclands, but may also feed mocturnally. Longley and
Hildebrand (1941: 112) state that feeding occurs chicfly at night and our

observations lesd us 1o the same conclusion.
a2 Linalfich

EE s
Cardinalfishes of the genus Apogon are abundant nocrurnal predators st
Alligaror Reef. Apagen aurolinearus, Apogon binotans, Apogon macwlarus,

Oclober-December | 766

Fig. 3—The foint troces of o moblad plgment pattern os teen |n the dayfime on

Priaconthus erveniatus {on The right], Alo resting bensath (he wome rock ledge o

Harmwlon favelneatum {above center] and H, swrslineatum below ond fqushe puicher
padtially visible (on the laft).

Fig. 4—Tha heavily maitlad nacharnal patiern of Priaconthus trasntatus.
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Apogon pseudomacularns, Apogon plasifroms sand Apogom combiiti spend the
day in caves and crevices on the reef where they are found individually or
in small aggregations. After dark they emerge and, except for Apagon
conklimi, feed near bottom in areas adjacent to their daytime retreats, All but
A. conklini are predominantly reddish in color diurnally. At night most of
them fade tw pink but become darker when held in the beam of a light.
[This change is illustrated in Schroeder and Starck (1964: 149))

Apogon conklini is @ dusky species which rises in midwater to feed on
plankton. It is ofien found individually or in small groups around the wop
of an slcyonarian or the outstretched arms of a basket-starfich, Astrophyron
muericarum (g, 5).

Apogon stellarus is n commensal, living with the queen conch, Seromius
gwgas. It has been seen on several occasions at night roaming in the back-reef
area adjacent to the reef-top. This area supports 4 considerable population
of Seramius in which Apogon stellane spends the day. In the day this species
is quite dusky in coloration, At night it is paler with a metallic greenish
sheen. This change in color has been commented on by Breder (1949: 51),
wheo also suggests (1948: 307-308) that it emerges from its host and prowls
about at night fer food.

Hobson (1965: 298) reports nocturnal plankton feeding habits in an
Eastern Pacific apogonid and cites other references to nocturnal habits in
the family. Longley and Hildebrand (1941: 87-90) indicate nocturnal
habits for these fish and describe paler color 2t night for several specics.
Carangidae—jacks, scads, and pompanos:

Jacks are most often seen around the nightlight, where they congregate
to feed on plankron attracied by the light (fig. 7). The individuals involved
are small, usually less than 250 mm long. Caranx ruber is by far the most
abundant species artracted in this way (see Starck and Schroeder, 1965: 77)
and more than 100 individuals may be present. They are often mixed with
schools of clupeids drawn in at the same time Occasionally small specimens
of Caranx bartholomasi and Caranx crysos arc also attracted. Larger Caranx
bartholomae have been seen swimming in midwater ar night. All of these
species are active diurnal feeders as well.

Decapterws punctatus schools in the back-reef area in the day and on
occasion has gathered in the fringes of the lighted arca around a diver w
feed on plankton. At the Tortugss Decapterns pumctatus was reported by
Longley and Hildebrand (1941: 75) to be taken around a submerged light.
Stomachs examined by Longley contained copepods. Hobson (1965: 299)
reports nocturnal feeding over sand by another scad Selar crumenophthalmus
in the Eastern Pacific,

Gerridae—mojarras:

Eucimostomu argentens 18 common in sandy areas of the back-reef and

between the reef-top and decp-recf in depths of 10 to 40 feet (3 to 12 m).
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seding o1 migh! up current from the feeding army of the
boikeisiorfigh | Astropayten 3 1}

Fig. 6—Caronx ruber feeding vpon planitan oftracted 1o the nightiight
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1t occurs individually or in small Jooscly associsted groups and appears to
be quite active at night. Broder (1948: 295) reported that Bwcenostowno gula
in an aguarium rested quietly in open water well up from the botrom at
might in about the same place in which it speat the day. In an enclosed space
it could probably do liule elsc.

Pomadasyidae—grunts:

Grunts of the genus Hoemulon are among the most abundant of West
Inctian reef fishes. They make up 2 significant proportion of the biomass of
most shallow water reefi, Eleven species of Hi and rwo of A
occur at Alligator Reef, For this reason as well as the occurrence of several
closely relared species in @ limited areu they were chosen as the subject for a
dissertation by the junior author.

All but two of the eleven species are normally nocturnal feeders as adults .I

Haennelon albion, one of the exceptions, is the largest species and as an adult
feeds actively in the day either individually or in small groups. 1ts large size
frees it from many of the predators on other species of Haewmulon and its
pale gray color blends well with the general shade of the open areas adjacent
to the reef where it commonly feeds by day. The relatively small eye of this
species I8 pro'Bnbly also related to diurnal feeding, Whether or not large

Fig. 7—A doytime shocl of padkfivh | Anfustramus virginieui ),
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Pig, B—Porflon of o divrsal wchool of grunty, principelly Hosmulen seiurus o Alligatar
Meul Abudsldul sawntiin, Lutjonus grissus, ond Mulloidichihys marinicus ore olio
insermingied in 1hiy growp.

wilults feed at night s well is unknown, bur the few observations made
saw them quicscent. Juveniles up to a size of about 300 mm S.L. school in
hewck-reef areas during the day., Their schools are located in aress with
moderate cover such as alcyonarians and sponge patches. At night they
disperse throughout the sandy back-reef area. A1 this stage they are similar
i size and habits to the other specics of Hasmndon,

Active diurnal feeding s also observed n Haeneion seviarum, This is the
smallest specics as an adult and is a particulate plankion feeder. Color
puttern, behavior and body form are reminiscent of small juveniles of the
other species which also feed fly on [ Trisc ly found
in schools two to six feet above the bortom and is most abundant on the
deep reef at depths of 60 1o 95 fect (1810 28 m), At night the large diurnal
schools of H. striarm disperse, but their behavior does not suggest sctive
feeding. [t schooling behavior is most similar to that of Hasmulon chrysar-
gvreum, which is found in much shallower waters.

All of the remaining species are primarily nocturnal feeders and all ocour
10 & greater or lesser extent on the reef-top at Alligator Beef. These species
fieed ba inveriebraies, the most important of which are annelids, echime-
derms, crustaceans, and mollusks. They form dense schools (often mixed)
in the day (figs. 7 and 8), with the : of A e g
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rﬁmwmuﬁmmmm:mmmm
1gly restless; individuals mill about and the species become difficult

to distinguish unless a sithouette is presented. If a strong light is turned on s
school at thie time it will “explode” as the individuals flee in all directi
ﬁb_cmjﬂnﬁninmammnbeﬁahdﬁm.mdmaaﬁam
artificial light produces only immobilization or slight and confused move-

wmmmum,mmmmmw
behavior of cach species, and adult diurnal coler patterns are distinct. The
species involved can be divided into two principal groups on the hasis of
diurnal behavior and colors. One group, Haemulon aurolineatm, Haemulon
melansrim, Haemulon parrai, and Hagmdon plumieri consist of species
Muﬂlmﬁutnmﬁhhmﬂinxpﬂhsﬂm
in more open aress, and would include Homeuwion albww and Haswelon
siriatwn discussed above.
wm&mmmmmium
behavior is not well known, since it has cnly been observed on limited
occasions at night. The other pale species are seen in open aress of sand and
rubble at night.

Haemulon aurolinearwm occurs in all reef zones in the day and has been
observed most commanly at night in the sandy back-reef area. It has ako
bewum&fﬁu:y;?d“ﬂﬁa{ﬂm}mﬂqu&dbm
up to one- i where it schools

s oot in the day along the ourer edge
. Eﬂmmhmmmmbucmdmmm
Alligator Lighthouse, often in company with Lugjarus griseus. At night it has
been seen most frequently over sandy bottom in the immediate vicinity of
its divrnal location.
:{mwnrmuqmmmmngpn-
marily of alcyonarians and sponges on a flat rock substrate in all seef
zones. At night is occupies the same arcas and is a typical specics in adjacent
Erass patches,

The remaining species consist of & series of forms dark in color st one
extreme and showing an increasing Jomi of yellowish pi in
mmwm“.mwmmw
associated with rocky or coral areas during the day. The darkest species are
maost shadow-loving, whereas the predominantly yellow species school
more in the open where bright light on corals, alcyonarians, and algae give
an overall yellowish appearance to the reef.

Amisotreneur surinamensis is the darkes: species of this series. It stays in
caves and under ledges on the reef top and deep reef in the dsy and emerges
o feed in rocky arcas at night. It feods on rock-dwelling species of echino-

328

October-December 1966

dumn,upe:illlymdmuu!h_wdd.,lm;m}lﬁm
ceans (largely majid and porcellanid crabs).

Another dark species is Haemulon macrostommm which is dark dorsally,
{uding to silvery-white ventrally, and shows traces of dark mid-lateral
sripes. A yellow stripe is present immediately adjacent to the base of the
dorsal fin on each side. The yellow stripes terminate in a yellow saddle on
t.mﬂm«nﬂpmm:pdumumﬂ:m:hophuwd
coral or rock with strong relicf. It usually rests in shaded Jocations. At night
.lf-mhdgmlm.mmhmdmdiuilﬂnmm
Diaderna ansiliarwn (Randall et al., 1964 429), which emerges from crevices
at night.

Haemud: bomarism is 8 moderately dark species, It is dusky dorsally
and has 2 series of broaze stripes along the sides of the body on a blue-gray
b&pmdlthﬁmhmﬂmdmk’mufmummdﬂ.
Mumhwmummﬂnm(-upinmm
Mn@nhfwﬂhﬁ:mmw&himﬁn&ymmm@msnr
rock and rubble.

Haemulon sciurws (g, 9) i somewhat similar in size and appearance to
Huaemulon carbonarium but is paler than the above species. 1t is not dusky
dorsally and the lateral sgripes are yellow altemating with pale bluc. It is
Mmmmﬂm‘wmmmmm‘hmm
md’modumamudmm-whﬂmmemmn@tk
mwestnadi:mnuwn{mixcdand.mhble,mdpw,mdmh
mkyhmmdomudbynlmmﬁammdupuum,kin&eqnmdym
45 tnuch as ene-fourth mile from the nearest polnt of daytimie concentration,
mnuambemobmcdmlhdup—r«f.wbmildmnﬂomrinu:
day.

Haewsion flavolineanam is a smaller species, predominantly yellow in
appearance (figs. 9, 10 and 11). Tis panern consists of yellow stripes on a
mhmwﬂllmkmmﬂmiuwﬁyﬁlmm
_ coral, aleyonarians, and brown algac produce 8 dominantly yellow back-
© ground. Tt also occurs in numerous inshore locations. Often it schoals two
10 three fect above the substraze. At night it scarers throughout adjacent
mmﬂbmmin:h:umhhck-ndmmhﬁmmﬂlem
the nearest point of diurnal concentration. Al

Haenenlon chrysargyresm is the smallest and most terete species of this
series. Yellow-orange stripes on a silver-white background give it an overall
yellow appearance. It is common on the reef-top in the same aress &s the
mmdu,m%ms:mhhhamh:ﬁmwnﬁm
;peciu.mnighkhmahmchmtynmin&h:uudyhnh-rdm
and it will gather to feed on plank i to the nightlight. Similar
fmmhwiuvmﬂc(w2wm)ﬂmmmm
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Fig. 8 —Howmuden Ravalineatum [lrench grunt) in typical doylime pattern

Fig- 10—Haemulen Navolinsatem shawing rhe pole nmwnl patiern found o individeal
wenr open sand batte
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Fig. 11—The motiled pollich ssen on spacimens of M favelineatum foraging over
varisgated bockgroved er rocky beltom oman.

observed by the junior author around the lights of an underwater television
installation in Bimini, Bahamas.

Anisorremus virginicus (figs, 7 and 12) is more difficult to place in the
gbove seriss, but would probably fir in cose o Heemulon sciwrus and
Hagoudon carbonarium, Its d ly yellow app is produced by
yellow fins and head. Tis body is pale with blue lines and two broad promi-
nent black bars pecur on the head. It schools from one o five feet above
the bottom, usually in opea arcas between coral heads or rocks (fig. 7).
It is seen ot pight in locations similar w those described for Haemlon
carbonarium, 1t alst ventures more into the opcn ruhhl: Imi alcyonarian
arcas freg d by H lon scturus and H. It may
be an ecological intermediate berween the dark rock l’u:dmg species and the
paler back-reef foragers.

Tt can be seen that the darkest species (Anisotremus surinamensiz, Haemulon
macrotomum, and Haemulon carbonarmen) tend 1o foed in rocky arcas at
night, as well as staying closer to rocks in the day. Though paler at night,
they do not become as pale as the other species in this group. The first and
second are also the largest species of the scrics, which probably endows
them with more protection from snappers, groupers, morays, and other
nocturnal predators which abound in rocky areas.
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In all species of Haemulon the degree of paleness at i I varies between
individuals within a species. Inumnm%mluﬁy
ubﬂmmmmdmm,ummm]rhwmtnﬁm
Lb}wmw!fmﬁnﬂhwmmummdyhmm

A second pattern has also been observed in Haemulon flavolineatum,
F‘ I !! i -.1- ‘l‘lﬂl i, 1. A h _'Mff‘mh
macrastommm, which probably can occur in all the species of Haemudon. This
pattern, consisting of large, irregular, dark and pale blotches, it associated
mwmmwmm&ma.imﬂumhmm
observed in Luyanus priseus at night.

Nmnuduﬂwmmdmmmﬂurmedby&hudumd
Starck (1964: 130), and Starck and Schroed, (1965: 69). T 1 (1929:
mm.mmsmmpmmmmimmm-
muanV:aimpum-u,mrwmom:d,haumpmdunedbyhnr-
mone injecrions (Rasquin, 1958: 46-48),

m{lgﬁ:mdamhmmwﬁﬁnmmm
obscrved at Alligator in scverl species of pomadasyids from the Gulf of
Californin, and cites other refi He also describes bet of a
diurnal pomadasyid school in the presence of a tor where the grunts
wmma;m.mumm.nmmmmm-
tective function of such a school and the work of Mantcifc and Radakov
(1961), which indicates that » predator must direct his amack om one
individual to achicve any degree of success.

Observations at Alligator Reef further clucidate ihis behavior, On
numerous occasions, wsually late in the afternoon, large jacks, Caranx
M.mmﬂnmmmwdm.mmm
first appear the grunts form tight groups as described by Hobson and the
meufmwﬁn;lincsufﬂumﬂﬁu.dmdym:dﬂshm:m
out onc individua! especially difficulr, One or more jacks will then rush into
mﬂmn:beﬁuuypndﬁwhml.[ndiw;rmmmmmm
lndMsbelmriutku:tThmMubkmnﬂrhyﬂwhmum
importani factor for the location of the diurnal school.

Longley and Hildebrand (1941: 22-130) treat all of the species mentioned
here, and give some biological data for mest. They indicate nocturnal
f':dnwfwthrﬁnﬂb,lmdnﬂ(l%l:“}ﬂwm:kfmﬂyu
night feeders, and points out the ccological significance of their nocrurnal
foraging in adjacent arcas,

Sciaenidae—drums:

Noepeduofﬁmiﬂmwmdummwmuwkmﬂ
ﬁ:ﬂw;«h-ﬂ%@a:mma’hmh&d
usuelly in groups of up to ividuals. At night they forage individually
wudubmmhlheinmudinwvidmw.ﬁedlmmlmhrpummd
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Lipueines pridcher consists of sharply contrasting black and white stripes which
slten fade to pale gray at night.

(ceasional speci of Eguetus p are also seen at night in recky
Jreas on the reef-top, They rest during the day within the rocks. Longley
und Hildebrand (1941: 144) on Egues acummnatus (—Equens pulcher, as
wed here) state that it usually ventures little beyond the shadow of its
sheleer by day but moves out at dusk. Hobson (1965: 300) reports nocturnal
habits in an Eastern Pacific species of Pareques.

Mullidae—goatfishes:

Two species of goatfishes, Mulloidichthy: martinicus and Preudupenus
macularus, occur at Alligator Reef, Mulloidichelrys schools in the day on the
reef-1op, and often mizes with schools of pomadasyids (fig. &) or lotjanids
which also show & predominantly yellow pattern. At night it is seen on the
bottom in sandy petches of the reef-top and responds sctively to a light, It
probably feeds at that time. Longley and Hildebrand (1941: 141) report
czamination of stomachs of this species in morning and afterncon and
conclude that it is a nocturnal feeder, It appears 1 be somewhat paler at
night.

4

Puovidug larwy feeds diurnally in small groups. It ocours in all reef
somes and feeds usually iff sandy arcas adjacent w cover of coral, rocks, or
alcyonarians. At night it rests individually on the bottom in the same sandy
areas, At that time it is moch paler than in the day and the dark lateral
blotches are almost absent. Diurnal and noctumal color patierns of this
species are illustrated by Schroeder and Starck (1964: 135). Longley and
Hildebrand (1941: 142) describe it as diurnal.
Pempheridac—sweepers:

Pempheris schomburghi is found during the day on the reef-top. It forms
large schools in crevices, under ledges and among rocks. At night they
emerge to feed on plankton in midwater above the reef. They move about
either individually or in Joose aggregations.

H
. Calamus proridens is most abundant in the lsgoon area and feeds actively

in the day. A submarine transect st night through the same area revealed
i but individuals just above the grassy botioms. Most

ndividuals appeared more mottled than in the day and though their

activitics were not determined they were not resting on the bottom. Calamus

calamms and C. arcrifrons also move ahout ar night.

Kyphosidace—seca chubs:

During the day schools of Kyphosu incisor are active over the resf-top.
They spend much of their time in mid-water and feed largely on drifting
Saragasmum at the surface, After dark they rest in sheltered, though not
confined, locations on the reef~top. Ar night some large individuals exhibit
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white spots on a dark backgroond, a featare that is also characreristic of
|uveniles,
Ct g ' y

All chactodontids observed are active diurnal browsers and all are more
or less inactive at might. Clh fom cag Chaerade fi Chaerodi
redentarins, and Chactodon striatus, have all been observed at night resting
in rocky arcas, Though inactive they respond to the presence of a diver,
and often start o move away. On one occasion a large Chaetodom ocellatus
was seen by moonlight to be moving about over a patch of rock, but its
actvity was not further ascertainable. [t (s the only chactodontid observed
o undergao a suhstantial color change. At night it acquiresalarge dark smudge
on the side and a distinet black spot, sometimes present in the day, at the
base of the soft dorsal fin, Divrnal and noctumal patterns in this species
are ilhustrated in Schroeder and Starck (1964: 131). Longley and Hildebrand
(1941: 147-149) describe the nocturnal pattern of €. ocellarws and a noc-
rurnal panern for C. capisirarus which was not seen in specimens observed
at Alligator Reef.

Holacanthus bermudensis, Holacanthus ciliaris, and Holacanthus ricolor
rest in holes and under ledges at night They are mactive and respond
shuggishly to the close presence of a diver, Pomocanrhu: pary and Poma-
canthus arevanis are darkly colored spedes which rest in more open locations
at night. Usually they are se2n next to a rock or large sponge. They feed to s
considerable extent on sponges, and it is possible that while resting next to
a sponge at night they might also feed onit. They are more responsive 1o the
presence of a diver than are the species of Holacanthns,

Henry A. Feddern, of the Institute of Marine Science, Miami, is presently
investigating the comparative ecelogy of the angelfishes of this region and &
more thorough report will be published. Hobson (1965: 205) described
similar diurnal feeding and nocturnal resting in three specics of chactodon-
tids from the Gulf of Californiz.

Pomacentridae—damselfishes:

All pomacentrids ohserved are diurnal feeders and all seek individual
shelter at night in sponges, recks, coral, or ather clese cover, They respond
1o the presence of a diver and his light by moving slowly abour within the
confines of their shelter. The species observed st might sre Abudefduf
saxanlis, Chromis marginatus, Chromes cyanea, Chrowmrs inselatus, Clramis sp.,
Pomacentrus doviopumicans, Pomacentrus variabilis, Pomacentrus partitus,
Py planifs and Mievospathoden chrvsurus, All but Abudefdu)
and Mrerospathoden eccur en both the reef-top and decp-reef. Abudsfduf
is found from the reef-1op sh d and Microspathodon on the reef-wop

and patch recfs. Abudefduf, Chroms and Pomacentrus partitns are 1o a large
extent particulate plankton feeders. The remaining specics of Pomacentrua

Arbich
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3 shuwing the dork arsas in the spinour dorsol ond
el pas which form ot nighl.

Fig. 1i—Anisewemus virgl

feed chiefly on small demersal invertebrates and algse. Microspatheden is
principally a herbivore. .

Abudefauf saxatilis becomes much darker at night, spegially on moonllm
nights. and the yellow lateral bars almost disappear (fig. 133, This caloration
has also been observed during the day in egg-guarding individuals in the
shadow of the reef. Nests of this species ane found uum;houtlthelg:ﬂ,
though summer is the peak season st Alligator Reef. Nest sites arc Inca don
ﬂu‘:ﬁ:}. immediarely adjacent to the recf and in holes in the reef itself. Nests
are formed by clearing away silt, sand, and rubhle, over & patch about 10 .w
20 cm in diameter, cxposing the rocky substrate. The eggs, about | mm in
gm:mt:\tunmr:ﬁﬁ, lish in color, arc hed to the s k in a
single layer. Nests have often been seen on several successive days, and
harching occurs in about a week. An sdult fish psoally guards the nest
(fig. 14) and cortinues this activity even at night. [An ua‘:guarded nest s
quickly caten by swarms of labrids in the day. Pmdaa‘ynfs and lutjanids
also prey on Abudefduf cggs in the day (fig. 15), At night small shrimp have
been seen among the eggs and nocturnal fishes would undeubtedly tuke a
greater 1ol were it not for around-the-clack nest guarding. ’

n the remaining specics the most common celor change noted at night
was a general darkening, but palc bars and other markings have besn
abserved in some cases.
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Fig. 1 3—Abudetdel! vowailis sabibiting the dork potierm cbserved on dork night,

Hobson (1965: 203) akso reports diurnal feeding and nocturnal resting
in three Gulf of California pomacentrids. He points out Breder's (1948:
294-295) aquarium observations on nocturnal resting in Abudefduf saxanlis
and Pomacensrus lewcosticius

Alan R. Emery, of the Institute of Marine Science Miami, is engaged ina
study of the comparative biology of spedies of the fumily Pomacentridae st
Alligator Reef and a more detsiled report is planned.
Labridac—wrasses:

All wrasses observed are active diurnally. Seventeen species have been
collected ar Alligaror Reef. At night these shundant and conspicuous fishes
disappear. Four species have been found resting after dark. The remainder
presumably also rest at night.

Bodiamus rafus, one of the larger labrids ar Alligator Reef, occurs in rocky
aress during the day. It is & non-schooling specics. Small individuals can
usually be found along rocky ledges on the recf-op. They often remowe
ectoparasites from other fshes, especially the bar jack, Caramx ruwber,
Randall (1962: 44) reported such cleaning behavior in Hodiame rufus from
the Caribbean, and Hobson (1965: 294) mentions cleaning by Bodiomr
diplotaemta in the Gulf of C: At might ! to large-sized
specimens of Bodiamus rfus have been found resting in rock aevices, No
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wcous envelopes were observed as reported by Hobson in juvenile Bodiamns
plotaemio. Perhaps smaller individuals than the ones we observed would
waduce such envelopes.

Ower the deep-reef Clepnigns pavrai schools to feed on plankton during the
fay. This species fecds in midwater, often rising 20 1o 40 feet above the
witnm. At night a few individuals have been seen resting in crevices of the
jcep-reef,

The various specics of Halichoeres, and Hewspieronotus, though very
commeon in the day, have not been observed at night. In aquaria they ofien
bury themselves bencath the sand for considerable periods. At night on the
reef they probably bury in sandy areas or secret themselves among rocks,
Hreder (1951) mentions nocrornal burrowing in sand in Halichoeres,
Thalassoma and Hemipteronotus.

The hogfish, Lachnolaimus maxsinus, is the largest West Indian labrid.
In the day it freds individually or in small groups on demersal invertebrates
of open bottom in all reef zones, At night they rest in the shelter of rocks,
coral heads, and alcyonarians (fig. 16).

Thalassoma bifasciaom (g 15) is the most abundanr wrasse of West
Indian coral reefs. In the day it occurs over and around the reef in loosely
aggregaicd groups of several to 20 or 30 individuals, They feed by picking
wmall banthic organisms fiom the substrate. They also often feed over the
reef on plankton and to a lesser extent by cleaning ectoparasites from other
fishes. Ar dusk they have been seen to enter crevices or rock holes, and a
rotenone collection made in a rocky area ot night resulted in a number of
affected Thalawsoma emerging from the rocks, Breder (1048: 205) stated
that Thalassoma bifascianm cither disappeared into shells or burrowed in
sand on the coming of darkness in aquaria

Lengley and Hildebrand (19411 197) also reported this species to bury
itself in sand av night, In aguaria or reef sitaations where suitable rocky
shelrer is unavailable sand burrowing is apparently an alternate means of
scquiring nocturnal shelter, Feddern (1965) treats in detail several aspects of
the hiology of Thalassoma bfasciamem at Alligaor Reef and discusses
nocturnal habits, Hobson's (1965 294) description of diurnal and nocrurnal
behavior in Thalassoma lucasenum in the Gulf of Californis is similar to
that of Thalasoma bifasciarm.

Scaridae—parrotfishes:

Parrotfishes arc diwrnal grazers on algac and marine grasses. They
wander over and sround the reef, usually in small schools. The schools may
consist of one species or of two or more species muxed. At mught parrotfishes
are inactive. Most species rest in rocky crevices, or in grass patches.

Scarns enelesrimas (figs. 17 and 19), Scorus coerdens, and Scarus guacamaia
(fig. 18} are the largest West Indian scarids. They often form mixed schools
(fig. 19). Scarus verwda is a smaller specics, less abundant at Alligator Recf.
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Scarus crotcensis and Scaris taemiopiers arc the smallest species of Scarus,
and also aften form mixed schools. These species all rest at night in caves
and crevices (fig. 17). A particular crevice will frequently be found to shelter
what appears to be the same individual of §. guacamata or 5. coelestinus (see
Winn and Bardach (1960: 32) on home caves).

Mucous envelopes have besn observed about smaller specimens of Scarm
puacamaa and Scarws veinla and around the aduls of the smallest species,
Scarus craicensis (fig. 20). If disturbed by touch a fish in the mucous en-
velope will usually explode from it with a sudden burst of activity, Juveniles
of other specics of Scarus have not been observed, Winn and Bardach(1959)
suggest 3 protective function for the mucous envelope from results of

P on p by G horax moringa on Scarus croicensis
and Sparisoma rubripime, of which the laer docs mor form a mucous
envelope. Winn (1955: 145-147) and Winn and Bardach (1960: 30-31) also
discuss mucous envelope formation.

Three species of the genus Sparisoma have frequently been found at night.
Adults of Sparisoma wiride, the largest upecies, rests in rocky aress but
usually in more open locations than do the species of Scarws. Sparisoma
rubriginne has been obverved lying among the blades of Thalasta in grass

Fig. 14—Aabudefduf sawniilis guarding o mest by doy, The fae gromuloted surface
bensath the fish it o laver of sy,
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Fig. 15—Tholssema bifeiciatum raiding the eggr from o dishwbed et of A. saxafilis
during dayfime. Several of the variou: pigment patterns of Tholawema ore eviden!.

patches of the back reef. Spanioma chrysopterum has been found on numer-
ous occasions lying on its side in open sandy patches, In some cases it is
Iying in the center of a shallow depression slightly greater in diameter than
the length of the fish and apparently made by the fish. Its colors and pattern
closely approximate the sand bottom on which it lies, None of the specics
of Sparisoma has been observed 1o form a mucous envelope (Winn and
Bardach, 1960: 31).

The above cbscrvations suggest an cxplanation for the app
absence of & mucnus lope in Spar . Morzys are sbundant nocturnal
predators in rocky areas where species of Scaras rest at night. Morays, in
contrast 10 most other nocturnally active fishes, have relaively small eyes
and probably rely primarily on olfactory and possibly tactile senses to find
their prey. If the mucous envelope serves 1o hinder olfactory or wmctile
detection of the enclosed fish or functions as an carly warning system then
it could afford considerable advantage to smaller individuals of the genus
Scarus who rest in rocky arcas, Adults of the larger species of Scarus who
form no cocoon are 1o big to serve as prey for morays, Species of Sparisoma
rest in the open, well away from the rocks, except for adults of Sparisoma
wiride which are also too large for morays to feed upon. In such open arcas,
the most important nocturnal predators on fishes of this size are luganids
and serranids which have large eyes and appear 10 find their prey visually,
bence the transparent mucous envelope would have little cffect. Scarws and
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Sparisoma have both been found in the stomach contents of gray snapper
collected early in the morning.

Parrotfishes, though difficult 1o approach in the day, are completely inert
at night and can even be picked up if care is taken. If suffidently disturbed
they depart suddenly in a flurry of audible candal oscillations and may be
heard colliding with rocks or other obstacles,

In gencral scarids do pot exhibit distnctive noctarnal color patterns,
though Sparisama chrysoprersm tends to match the shade of its background
and some individuals of other specics show irregular pale blotches or bars
(fig. 18).

Resting parrotfishes and parrotfishes with mucous cocoons are illustrated
in Schroeder and Starck (1964: 136-137, 146-147), and Starck and Schroeder
(I%S ?1]'

Ms‘pﬁme‘:urponﬁﬂmmmmhmﬁnd' They arc all
diurnal hrowsers on algae. At night they are inactive. Acanthures bakianue
and Acanthurus chirurgus are most often seen in schools of three or more
individuals. At night they usually rest in Jooscly associated groups among
alcyonarians, near rocks, or cther open shelter. These spedies appear
mﬂ:ﬂypﬂuumgm bmdnmxmdqgoumm:hmge.

of 4 fews arc found in the day @ solitary in~
dwmmmmmumMmmmu
schools of up to 30 or more. These schools are ofien scen mixed with schools
of Scarus coelestinna (fig. 19).
mmummmmmmmmmmmksmmm
ledges, in more confi than the previous two species. This
species und a significant | color change, developing a distinc
series of pale bars on the sides (Schroeder and Starck, 1964: 134). The color
changs has been observed on both the blue aduls and yellow juveniles,
The bars arc apparent on young, onc to two days after the scronurus larvae
enter the reef habitat and begin to transform.
Randall (1961) in Hawaii and Hobson (1965: 296) in the Gulf of California

also observed | resting in surgeonfish Randall (1961: 265)
reported a color change in the form of dark lateral blotches in A. mriostegus
at night.

Scombridac—mackerels and tunas:

Scomberomorus regalis has been seen on several occasions at night swim-
ming about in midwater and behaving much as in the day.
Gobiidac—gobies

Of the many gobies which occur on Alligator Reef only one has been seen
after dark, It was inactive end presumably the others are also. The species
seen at night, Elacatings eceanaps, occurs in the day (fig 21) in small groups
on the exposed surfaces of rocks or coral heads. It i= a parssite cleaner and is
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probubly more specialized in this respect than any other West [ndian fish.
[1s color pattern is serikingly similar to that of the parasite-picking wrasse
of the Indo-West Pacific, Labroides dimidiarws (Randall, 1958: 333). At
night it had been found resting among the expanded polyps of a brain coral
(Schroeder and Starck 1964 142, 143) and heneath the tentacular crown of
serpulid worm [fig, 22).

Scorpaenid Sonfialics wnd ctckiak

Three species of smﬁnnﬁahr_-a have been seen at night. Scorpama
grandicarms has been found in a gruss patch in the back-reef zone and
Scorpaena plungeri has been observed in rocky and coral areas on the reef-top
und lagoon. Beth specics were resting on the botsom as they do in the day

resting camouflaged on the bottom until prey approaches close enough,
and their relatively large eyes suggest nocturnal feeding. This, however,
does not preciude diurnal feeding, as it has been obeerved.

Scorpaenoder caribbueus, a small species common in rocky arcas, is ofien
taken in rotenone collections, but not seen in the day. At night it has been
found on several occasions in the same rocky aress. Apparently it emerges to
feed around the rocks. ©

Oparthogmathns arfrons s commonly observed n the day bovering above
its burrow and feeding on plankton. At night it has never been fouad, and is
apparently inactive.

Opesthognathur lonchurus occurs on rubble bottom in depthis of 135 o 150
feet (40 to 45 m) one-quarter to one-half mile beyond the outer edge of the
deep-reef. At night it has been found half emerged from its burrow and even
in one case resting on the open bottom. This behavior, in view of the
reluctance of jawfishes to stray from their burrows in the day, is highly
indicative of nocturnal activity of some type.

Clinidae—elinids:

‘ The many species of blennies, like the gobies, are not usually seen at
night. Scveral dlinids and no blenniids have been observed afier sunset.
Once, while diving withour artificial light, a pes-stzed spot of biolumines-
cence appeared on a small rock protruding from the sand. After moving 10
within two feet of the glowing spot it remained, but its source was not
discernable. A flight was directed at the spot and turned on. The beam
revealed the head of a small emblemariid bleany, dcanthemblemaria aspera,
protruding from a small hole in the otherwise rather smooth surfice of the
rock. As no other animal was visible and the blenny appeared at the exact
spot where the luminescence was located, it i probable that this fish is
luminescent. Unfortunarcly, after several seconds in the light, ir retreated
and did not fe-emerge after the light was extinguished.

" .ammwﬁqmmmbeMrMTmmorfmﬁngkby
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Several other clinids seen at night were all resting on the bottom and
apparently inactive
Brotulidae—brotulas:

Petrotyx sanguinens has been found swimming along the sand beneath
the ledge on the recf-top at night. Though waken in rotenone collections, it i
concealed in crevices and caves among the rocks during the day. Like many
creaturcs that live among the rocks in the day it is apparently active at night.
Ophidiidac—cusk-eels:

Though commanly taken in rotenone collections, cusk-eels have not been
ween in the day, and are probably nocturnal. Two species have been found
at night. Opkidien holbrooki his been observed in the sandy back-reef arca.
After several seconds in the light they burrow slowly, tail first, into the
sand. Several individuals of the other species, Ophidion sclenaps, were seen
swimming eel-like near the botom at a depth of 40 to 100 feen (12 to 30 m).
I'hey were probing the fine sand with their pelvic filaments as they swam
along.

Carapidae—pearifishes:

Pearlfish, Carapus bermudensit, were seen at night having head downward
one to four foet above the bottom (fig. 23). Possibly they arc feeding on
plankton. In rthe day they may be found in the respiratory tree of holo-

Fig. 1é—Lochnslaimus manimus reiting omeng the Branche: ol okyanardans af night
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Fig. 17—Two of the muny Searvs ceslestinus found of night in the hales ond cravices of
the mock ladge.

thurians of several species. Smith (1964: 35-39) also reported seeing Carapies
fhomei a1 Guam hovering above the bottom at might, away from their normal
daytime holothurian host,

Sphyraenidae—barracudas:

Large barracuda, Sphyraena barracuda, are found in the day individually
and in schoals of up to 20 or 30 individuals in many recf areas. They
especially frequent phe area around the ledge on the reef-op and around
Alligator Lighthouse. They become increasingly active at dusk. After dark
they have been seen individually and in schools near the Lighthouse and
along the ledge 2« in the day. They frequently dart through the lighted arca
bencath the boat, possibly striking at carangids or clupeids feeding there
In one instance at the end of a night sled transcct, two of the three strands
of & white nylon tow-rope were found 1o be deanly cut near the middic of
the rope. A barracua is the most likely cxplanation for such a clean cut in
midwater. Perhaps the beam of a diver"s light crossing the rope created a
fiash of white, which attracted the barracuda’s strike, n the case of
other large predators, barracuda are probably primaril wscular, but
will feed ar any time food is available.
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Barracudn csn be approached quite casily at night when blinded by a
Light, but are best left alone as they rend to dart about erratically when one
gets 100 close. Colliding with this fish would be serious, for cven if the
mouth were closed its pointed snout would inflict infury.

In one instance a barracuda that was spproached closely spun around
and darted blindly off, striking the reef face a few feet away at top speed.
Its snout was splintered by the impact and it sank to the botom dead.

Sphyraena borealis has been seen during both day and night in small
groups over alcyonarian patches in the back-reef. At night it has also been
found over sandy bottom beyond the outer edge of the deep-reef in a depth
of 125 feer (37 m). Like most piscivorous predators ir probably feeds to
SOME CXIENT 41 4Ny time, with peaks of activity ot dawn and dusk.

Atherinidae—silversides: .

Allanetia harringtonensis is similar in habits to Jenbinsia majua previously
discussed. It schools along the deep resf in certain areas during the day.
AT night it is commoaly found feeding over the recf-top, the back-recf,
and even beyond the recf for at least onc-half mile,

Bothidac—lcfteye flounders:

Berfrues ocellarur occurs in sandy areas of all reef zones, At might it is scen
resting, uncovered, on the sand. It probably feeds then on the various small
invertcbrates which emerge and prowl shout the sand.

Balistidae—triggerfishes and filefishes:

Alutera scripte has been scen at night on the deep-reef hovering ahove
the bottom., [is activity was not sscertained, but it was completely in the
open. Alutera schoepfi has also been observed on & number of occasions ar
night. Tt usually is found in open arcas of alcyonarians and sponges cn a
rocky substrate, Often two individuals are found hanging head down, one
or two feet apart, Their dorsal spines arc crected and face ane another.
What such behavior i associated with is unknown; possibly courtship is
involved. A nocturnal psttern of pale blotches on a dark background is
commonly seen. This species frequently rises to the surface to feed among (
drifting Sargassm in the day.

Cutherines pullus has been found resting at night wedged in rocky holes
in the reef. Clark (1950: 164-165) described a nocrurnal resting pattern of
brown mottling cn a tan background in this species in an aquirium,
Ostraciidas—trunkfishes :

Acanthostracion guadricormis is common ar night in seversl reef zomes,
They move about in the open much as in the day and probably are nocturnal
feeders, though they also feed in the day. During & two milc submarine
transect of the lagoon arca at aight over 100 adult A. guadricornis were seen
scattered along the route A large specimen when picked up by hand made
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a loud henking sound. A pattern of large irregular pale blotches over the
normal bluish background is usually observed at night. ] 3

Lactophrys rigonus dlso occurs chicfly in the lageon ares, but is m:ck:
less abundant than the preceding species. It behaves ac night ?u:h
thar species. and exhibits a similer pattern of pale blotches over irs normal
olivaceous background. ) . )

Lactaphrys trigueter is frequently seen at night maving about in the open.
]{fc:dxhchcdaybypjchngamlﬂorganiamso&'mc_bntmm:why
blowing into the sand to uncover small inveriebrates. ‘Lakx many other
fishes, it can be easily handled when blinded by a light at night; however,
it can and will bite if opportunity arises. It occurs most commonly on the
reef-top and deep-reef. Like the above specics it may also show a partern
of pale blotches at night.

Tetradontidae—puflers:
Canthigaster vostrata is often observed among the rocks and coral of the
reef at night and in the immediately adjacent sandy aress. It appears (o be
i i i 1t is probably the
roally active, at least in some P omme

;'l::uugmé fish a1 Alligator Reef and is also sctive in the day. One individual
resting in & crevice at night exkhibited a strongly momed pattern, though
more typically they appear the same both day and night.
Diodontid pi

sz-dwdlingrpem:pincﬁshﬁ usually stay under ledges and in holes
during the day, At night Chifomycterus antillarum, Diodon holacanthus, and
Diodon hystrix have been seen in the open along the reef-iop. T_b:y foed en
various invertcbrates, particularly larger shelled forms, which emerge
during the hours of darkness. !

Chilormycterus schoegfi is occasionally seen ar night n the Hawk Channel
grassbeds and is active nocturnally.

DISCUSSION o -

On corsl recfs, ss elsewhere, animals tead to exhibit distinet potterns
nocrurnal and dinrmal behavior (figs, 24 and 25%. In the coral reef com-
munity, which is dominantly an animal ¢ iry, such changes alter
the whole character of the recf. The absence of great m.lrn‘ofrs of poma-
dasyids, lutjanids, labrids, pomacentrids, scarids, and, ar.anlhumis_. gives T]“
nocturnal reef 8 deserted appearance. It is easy, thereforz, o begq! o lh]]‘:'k
of recf fishes @ either diurnal or nocturnal and although certain species
and groups may be properly described by these terms, the activity of
significant numbers is best characterized as crepuscular. In all;;ru_gy;us:

there are varying degrees of adherence 1o a p?rhmlshr time of activity
that even the use of three terms tends 10 oversimplify the actual g_u:unuan.
The herbivores, Kyphosidae, Scaridae, Acanthuridae and certain mem-
bers of the Pomacentridac, Clinidac, and Blenniidae, are spparently truly
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Fig. 1E—Scarus guaromoio wedged bensath o ledge of night and shewing frases of o
falet barrmd poitern,

fig. 17—4 mizsd scheol of lags adsl

i g adill Scarve coslestinus and Aconihurus cosnil

brawing wver u patch reef during the doy. The water becsmas dusdy with debois o the

parotfish ks wp movthiuly of molwicl sruped off the rock surtaom and axpell the
arindings
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diurnal. At night ther behavior ranges from the completely inert scands to
the alert but inactive acanthurids,

Ompivores of the families Hemiramphidae, Chactodontidae, Balistidae,
and Ostraciidae, all feed in the day. Their nocturnal habits vary from certain
chactodontids which rest under ledges at night to the balistids and estraciids
which are active and in the open at night and probably feed at that time, also.

Species which pick small animals from the substrate, such as certain
pomacentrids, labrids, and chactodontids and plankton feeders of the familics
Sermanidse, Pomacentridae, and Labridae, are diurnal and rest at nighn
Several other families have species which feed on plankton at night; these
include the Apogonidee, Pempheridae, Pomadasyidae, Clupiidse, and
Atherinidae. All but the first and second also have species which feed o
some extent on plankton in the day.

Various members of the familics Dasyatidac, Holocentridae, Serranidac,
Lutjanidse, Pomadasyidae, Sciacnidae, and Diodontidae, feed 1o a large
extent on invertebrates. It is among these families that we find many of the
uctive nocrurnal feeders, All of these noctumal feeders, however, will feed
in the day when food is readily svailable and frequently do so under natural
conditions, Alse, certain species of some of these families normally feed in
the day, but the diornal feeders usuwally differ in their food from their
nocturnal relatives

Fig. 10-—Rear view of o Searus creicamsis juvanile in i1 noclurasl mucoes sevelope.
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Fig. 11—Thiss Hacatinue aceaneps on o torsl haad porusite deaning station in the day

Fig. 22—An Blocolinue sceanops sleening ot night on ihe soms corsl bead benssth the
wown of o serpulid warm.
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Fig. 23—A peorifub, Cormpes besmudensis, of sight. In this cose the specimen ponk
ehaanr 16 the boflom once in The divar's keodinmp.

The larger piscivorous fishes sccm o have peaks of activity at dawn and
dusk, but appear to be active both day and night, and they also feed anytime
that food is available. This group inclodes various sharks, mursenids,

groupers, carangids, and barracudas. .
Time of feeding in reef fishes is generally related to one of four types of
food : sessile organisms, plank non-sessile invertet , and fishes. Reef

plants, epizooites, and larger fixed animals form a source of food which
cannot hide and which can easily be harvested in the day. The fishes which
feed on this food arc largely diurnal. Plankton is a food source constantly
passing over the reef and if not eaten passes on and s lost to the recf com-
munity. Plankton feeders are, accordingly, both diurnal and nocturnal,
but different species are involved betweea day and night, indicating different
requirements for day and night plankion feeding. Most non-sessile reef
invertebrates are nocturnal. The mobile species hide in the day and emerge
only at night; thus, this source of food largely requires nocturnal feeding.
Exceptions to this generalization are certain fishes which have developed
mechanisms whereby they can get at hdden invertebrates in the day.
Dasyaris Preudu latws, and Laciophrys iriqueter are
examples. They excavate buried prey and feed in the day. Larger piscivorous
fishes tend to feed at any time, but are especially active ot dawn and dusk,
probably to take advantage of the confusion and concentration of fishes
during this time of change-over of shifts.
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It should be cmpl 1 that these Li while uscful in under-
standing the ecological sitnation involved, cannot be applied o individusl
species in all cases. In addition to pticns within there are
specics which broadly overlap different catcgorics and others which change
feeding habirs with growth. In such cases, however, differences in mor-
pholegy, color, and behavior, reflect the difference in habits,

MNocturnal foraging of many species, especiall dasyids and lutj
and nocrurnal plankten feeding, have some udd.mml important ccological
considerations, involving coral reef trophic structure. The disproportonately
lﬂr;emnntofmlml bmmmﬂlmﬁ'mmmmmlmgbun

gnized as an blem. Odum and Odum (1955)
in a widely cired paper hsve unempmd 1w explain this apparent anomaly
chiefly by considering an additional source of plant biomass in the form of
boring algac in the skeleton of living corals and in the substrate. However,
theiz methods of estimating binmass at this and other levels are questionable.
They fail to explain by what manner this meterial can get into the food
chain. They erroncously consider corals to be herbivores because of the
presence of plant material. They underestimate the importance of plankion
feeding in reef animals, and are apparently unaware of the foraging of reef’
fishes in arcas other than where they arc evident m the day.

There is no @ priori reason why a coral reef community must have a
preponderance of plant material or of herbivores over carnivores. Some
deep water rocky reefs below the zone of effective plant growth support
dense populations of fishes and invericbrates dependent entrely upon
imporred fond. Plankton feeders and foragers in adjacent aress are signifi-
cant importers of food into the coral reef community.

Later studies reported by Bardach (1959), Hiarr and Strasburg (1960),
Randall (1963, and Talbot (1965), also give estimates of the trophic com-
position of reef fish populations at different locations, but only Randall's
work, which it very general in this respect, classifies species in a manner
mimnﬁthauual&edin;hnbimhﬁunarwﬁndcmmcptofmdm(
even reef fish wophic structure is possible it will be necessary w consider
not only what is eaten but also how and where the food was obtained. When
this is done, a5 is now in progress for the fishes of Alligator Reef, a picture
of wrophic structure emerges that is quite different from what has been
pm-imsl;r prupuucd

of most dasyid and several hutjanid species for
back- mc{fong:nmaaiwhwoﬂmecoluglml effects. The almest complete
abscnce of these fishes from certain islands in the Caribbean which have
fringing reefs with only a narrow shelf and very limited back-reef areas is
understandable in terms of this requirement. Likewise these species are also
excluded from many suitable forege arcas by the absence of sheltered loca-
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tioms for daytime schooling. Dense schools of snappers and grunts around
wrecks and other debris in forage aress devoid of natural cover indicate the
potential of artificial reefs in such sitvations.

If nocturnally active fishes are compared to the diurnal specics, several
cxternal differences become spparear. Eyes of diurnal species, for evample,
|abrids, scarids, ecanthurids, and pomacentrids, tead to be smaller than
those of necturnal specus, tg, pomadasyids, }umrddg npognmds holo-
centrids, and some are the and
hmm.llds, which instead have well d:vtl.opl:d ul.fauury and lateralis systems
o their censory

Fishes active at night tend to be colored drably. Grays, browns, and dull
shades of other colers predominate. Bright red fishes such as haloqenmds,

egapngomds, and priacanthids, are apparent exceptions o this trend, Red

fishes are almost wholly nocturnal on the reef-top in depths less than 30 feet.
In deeper water, o number of red fishes arc diurnal, but, at the depths which
they live red does not appear as such. Usually it serves as grey or brown. Itis
interesting to note also that a number of fishes, both nocturnally active
and diurnal species, have red phases in deeper water. Th:s: m:ludc such
diverse species as Myctaraperca Serramis hal:

cruenzatum, Lutionus analiy, and Bodianus rufus, to nama bu: 1 fow. In
shallow water at night the level and quality of light is such thet 1o 2 human
chserver (and probsbly to fishes), reddish hues appear as grays or browns.

“The brilliant yellow, blue, and green fishes which dominate the reef in
the day sre with some exceptions largely diurnal specics. Bright yellow
species of pomadasyids which school over the reefs in thevday lose much
and sometimes all of this color when they leave the reef at night.

NIGHT DIVING

Because night diving has proven so useful for certain studies a few
comments are here appeaded.

After a number of years of daylight work ar Alligaror Reef curiosity led
to & logical extension from daylight to night diving. The firet dive made it

( apparent thar striking and significant changes in the nature of the reef
communiry occurred at night. Much of the sabsequent night diving was
therefore related to specific research projects.

Differences in nocturnal and diurnal behavior of recf animals are such
that attempting to study the ecalogy and behavior of many species, especially
the nocturnal ones, only in the day would be comparable to studying most
birds at night.

In addition to night diving also affords unique
opportunities for odlcumg many enimals, Most invertebrates are nocturnal
and many areas which appear relatively barren in the day support large
populations which emerge only after dark. Many species thought to be
quite rare were found to be very common at night. Also, several new records
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of ocourrence have been made, and ar lsast two new species have been
found. One, @ shrimp, which wes found on resting parrotfishes at might.
Probably it is & parasite cleaner and its habits suggest a manner in which this
interesting behavior may have come about.

Certain fishes, such as scarids and labrids, are difficult 1o collest in the
day with conventional techniques. At night when they are resting rotenone
preparstions are quite effective. A hand net is also surprisingly useful on
fishes at night becausc of the blinding cffect of a diver's light.

Night diving no great probl of equif or technique;
however, a few points are worth mentioning. Except for a headlamp, the
equipment is that of daylight diving. Waterproof flashlights and the 3-wan
scaled beam lights sold as divers” lights have been found 1o be inadequare

fnrmmm.l.ightspawredhy\ilmmnpwusoumonthnuﬁm.
har

are adequate but cumbersome. The most useful armangement we

found is @ 30-wau sealed-beam spotlight p by a nickel jum or

lead-acid motoreycle battery carried by the diver, The light is arranged as a

headlight, miner fashion, to leave the hands free. A plastic football helmet

is ideal headgear to which 1o artach a headlight.
nwunugnalighfhungbmmmebnﬂmdlhgkmthsbuwiuiblc

i\:m!éﬂde;rmhmpmnllbrcubli.n:d&mwﬁmlu:irwyhu:km
boat.

Locating specific areas after dark can be difficulz. In addition to standard
pilotage technigues a lighted or reflective buoy placed during the day at the
proper location can be useful. The simplest and most certain approach is to
find the desired area before sundown.

The danger of shark attack is difficult to assess, but appears 10 not be
especially great. The number of large sharks seen coming onto the reef at
dusk, the ease with which they can be caught ut night over the reef, the fact
that only a few small carcharhinid sharks have been seen ar night while
mmm:mmdmhﬁumm&memm'huhm
avoiding divers at night. The stimuli emitted by divers with lights moving

slowly about near the bottom are perhaps not of a nature to trigger an amack g

Caollecting large fish, extended diving without lights, or considerable swim.
ming on the surface might produce different results.

A submersible fircarm detonated by contact, was constructed and carried
on many nighr dives, but as vet has not been needed, Tests on numerous
sharks and rays (including o |4-foot tiger shark) in the day indicate that it is
capable of killing the largest shark instantly if properly used.
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