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SECTION I

INTRODUCTION

'lhe family POl1l.aeentridae (Damsel fishes) consists of a large group

of marine fishes which are widely distrituted in shallow waters of

tropical and sub-tropical seas, and typified by their sF..all size and

close association to the substu...te. lilany of the pomtlcentrids exhi::rl. t

bright. coloration, and this f8_ct, coupled with the unusual associations

that some genera have with coelenterates, early attracted the :tter-tion

of naturalh;ts. Despite the appeal of these rather specinlized groups

(particulD.rly the commensal anemone f'lshes), little attention ha.s been

directed toward the rest of the .fa...."'lily" even though they are usually

conspicuously represented in the fish fauna of reef areas in the tropics.

In Hawaii, the family is represented by eleven species, one of the

best known and apparently most aoondant being the endemic, Abudefduf

abdominalis (Quoy and Gai.rnard), referred to locally by its Hawaiian
I

name of "maomao". The maomao is a small, rather shy fish, distinctly

marked with five vertical black bands on a brassy-green to yellow bodY.

A gregarious species, it is often found in loose aggregations numbering

several hundred fish. Maomao occupy a wide range of habitats, and

reprodUce, by attaching their eggs to the substrate in a nest which is

defended and ~'1red for by one of the parents during incubation. Upon

hatching, the young migrate into shallow water areas along the shore

where they are abundant during certain seasons.

The maomao's abundance in a variety of habitats, its broadly

onnivorous diet, mode of reproduction, and some of its behavioral



cO!rponent of the reef community. It is the aim of this i.J::rvestigation to

point out some of the c.lI-Clraet",::ristics of this species that "lU01N it to

occupy its position of prord.nence.

'1"he initial pha.se of this study iecludes observations on soma of

the characteristics of the adult m.aoma.o that C'::mtrib:.lte to its rreserv5.­

tion and versatility in adapting to cha..l'1ges in the errvironruent. Factors

controlling the spawning c~'ele, fluctuations in ah'ldance, :l feCili"l.dity

are then reviewed in order to determine how they .l!'.ight influence the

reproductive potential of this species. Embryonic, la:r-Iral J and juvenile

stages are described and analyzed in respect to various elements in tb.e

environment that affect their survival, and estimates of the mag:ni tude

and cause of mortality are made. Finally, adult reproductive behavior

is :reviewed in order to ascertain the significn.nce of its v-o'!'ious

canponents, and the pGrt each contributes toward the successful

prop!l':.;ation of the species. .~ll aspects of this investigation cort.ribute

to our scanty knowledge of the general life his t.ory of this species

and its interactions 'l'Iit..'1 other eleJ':lents of the reef conrnunity.
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Methods and Materials

'lhi.s il'lVestigation was conducted primarily at the Hawaii Marine

Laooratory at Ccconut Island, in Kaneohe Bay, Oahu, although the

facili ties of the Waikild Laboratory of the Hawaii Marine Laboratory,

and the Department of Zoology and Entomology of the University of Hawed i

were utilized during certain phases of this study.

Most of the sexually mature maomao examined during this investigation

were obtained from. the commercial trap fishery which lands its catch at

Kewalo Basin in Honolulu, and the fish sampled were almost exclusively

from the catch of Mr. Sat: Kaolulo, whc:se traps are laid in twenty to

one hundred feet of water between Kewalo Basin and Koko Head, Oahu.

'!his source of maomao was used primarily for gonad and morphometric

analysis, while other mature specimens obtained by poisoning, spearing,

and pole fishing were used for the exarrination of stomach contents,

analysis of growth and migra.tion, and various studies of this species

in captivi. tv".

'lhe reproductive activi.ties of maomao were observed in two shallow

water spawning areas at Coconut Island, designated as the "Southwest

Point" and the "Tuna Pond lt spawning areas (see Figures 1 and 23 for the

location of these and other facilities utilized on Coconut Island).

Known spawning sites were indicated by symbols painted on the nearby

retaining walls, and the frequency wi til which they were occupied by

spawning fish was recorded over a four year period. Maomao were also

induced to attach their eggs to concrete slabs placed in the water in

these spawning areas. 'lhese spawning slabs were 12" x 1411 and lit to

1~1t in thickness; the surfaces of some were marked off in 2 11 squares 1:.0



fac::ili tate estimating: the area of clutches of eggs attached to them.

Each slab was constructed with a wire handle which aided in its placement

and rem.oval from the water. These slabs of 'With their attached eggs J were

rer,loved from the spa'Wr'.ing sites and placed :i.n a specially desiened

rearing apparatus which allowed close observation and continued develop­

ment 0 f t.l-te e [;.<:;,s, and retained the larvae in an area that closely

a.pproximated conditions of the natura.l environment. Since considerable

difficulty has been encountered in rearing marine fishes through

certain larval stages> and this apparatns proved to be asuccesstul

incubator for rnaomao larvae, it was considered that a detailed descrip­

tion of its design might prove valuable to other wo:dcers. This descrip­

tion is presented in Appendix A.

Studies or maOffic'lO larvae were rrta.de primarily from individuals

hatched and reared in this sp::lcial apparatus, hO\iever" larvae were also

obtained from plankton hauls and from other sources.

An extended program of juvenile maomao collecting was carried out

at Diamond Head Park, and a detailed survey of this area is presented

in the section on juvenile habitats. Additional juveniles were collected

frOIl'l various shallow water areas around all of the main Hawaiian Islands.

The following descriptive terminology is used throughout this

presentation:

(a) Embryo - stages from fertilization to hatching

(b) Larva - st.aees fran hatc..'Ung to individuals with a fork

length of 12 rom." at which time the vertical

bands on the sides of the body are usually

visible.

5
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(c) Juvenile - stages at 12 mm.. fork length, or about 10 nm.

standard length, until sexual maturity is

reached at about 120 !P.m. (standard length).

(d) Adults - individuals of 120 rom. standard ler.gth and over.

Unless otherwise specified, fork length is used throughout to specify

the length of larvae. Standard length is used to specify the length of

juveniles and adults, because frequent injury to the caudal fin makes

the use of fork length impractical.

The following definitions of length are used:

(a) Total length - the distance from the tip of the snout to the

most posterior projection of the spread caudal

fin.

(b) Fork length - the distance from the tip of the snout to

the fork of the tail.

(c) Sta.ndard length - the distance from the tip of the snout

to the most posterior point on the hypuraJ. fan,

which is usually beneath the most posterior

scales on the caudal peduncle in mature maomao.

Mets rements of larvae and juveniles were made under magnification;

those of the larvae are cop...sidered accurate to wi thin 0.1 rom., and those

of the juveniles to wi thin 0.5 rom.
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Figure 1. Map of Moku 0 Loe, or "Coconut Island, If Kaneohe B8;y', Oahu, shdWing installations and areas
pertinent to this study of the reproductive behavior ~d early life history of the maomao.



SECTION II

LIFE HIS 'fORY

Habitat

The habitat or the I..":Homao has been observed to be qdte vClried,

extending over c.. cOYJsiderable range or snhstrate types and depths.

Substrates "f.Lth '\I'hich the a.dul t maomao n:re associated include Hvi!;::;

and dead coral, limest.one, basalt, and combinations of the above.

'lhey are not found comrnonly in areas with muddy or extensive sandy

bottoms, or in localities where the water is consistently brackish

or turbid. Juvenile maomao inhabit relatively sheltered, shallow water

areas such as reef platfoms and. tide pools (see section on Juvenile

Habitat).

One of the basic requirements of a suitable habitat for adult

maomao seems to be a readily accessible place of refuge; e.g. corel

growth; cracks, holes, or caverns in the substrate; rock piles, ledges,

or man made structures (such as sunken vessels) which serve as a

sanctuary to which they retreat on the approach of danger. Maomao hH.ve

been observed in depths from 120 feet to the surface and are often

fourd in aggregations of a fet~ to several hundred individuals, although

such aggrefSations may only be evident during certain periods of group

feeding. 1'he'iJ avoid the very turbulent water of the breal-cer zone but

are sometimes found in slightly deeper adjacent areas of moderate water

movanent; haNever, their usual habitat is relatively quiet water, in

areas where algal growth is not. excessive.

The maomao is one of the most abundant Ha...,.aiian po.macentrids, and

it appears to be the predominant form of reef fish in some areas.

8



Observations of this species in the field revealed four possible factors

infiuencing its distribution. First, and probably of }%'irrlf'lry importance

is the availability of a readily accessible refuge into which individuals

can retreat on approaching danger. Allee, et. a1. (1949) point out that

one of the primary reasons that animals congregate is to be near or to

occupY' sheltared niches. '!bis is evident to anyone who has observed

the fauna. in shallow water areas around the Hawaiian Islands, eS}:B cially

where wreckage of ships or airplanes has fallen into an otherwise barren

and uncluttered area. A number of observations have been made of such

refuges around the island of Oahu. A typical example is a sunken

landing barge near the entrance to Pearl Harbor in about 30 feet of

water. '!he bottom for a considerable distance around this wreck is

smooth and barren of any visible animal or plant life, yet this wreck

sheltars a very large population of maanao and other species of reef

fishes.

Such observations suggest that the size of maornao populations may

be limited by the shelter aVailable, and on the basis of these observa­

tions personnel of the local ntvision of Fish and Game have been prompted

to place artificial sheltars in certain barren areas to increase the

standing crop of reef fishes. '!he results of this venture are thus far

inconclusive; however, a similar practice has been S:lccessf'ul in

increasing the standing crop of same species of fresh water fishes by

affording protection from predators for juveniles during a vulnerable

period.

A second factor controlling the distribution of maomao is the

availability of food. Since the maomao is omnivorous, feeding on a

9
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great variety of organisms, this faetor is probabl.y not as restrietive

as with some speeies. Maomao have been observed in large, relatively

stationary, feeding aggregations, whieh might indieate that the habitat

was oc cupied to take advantage of the currents carr-jing planktonie

organisms into the area. Planktonic copepoda and other crustaceans

are apparently a preferred item in the maomao diet (see section on food

and feedin.g hahits ).

A third factor appears to innuence the congregation of maomao ire

eertain areas, although the exact associations are not yet clear. In

scme areas the distdbution of reef fishes is quite spotty, with large

aggregations clustered in a comparatively small area on the reef,

separated by large areas practically devoid of fishes. Such distribution

may be ~rtially dependent on shelter available, as well as other factors

in the IbYsi cal environment. However J it has been observed Ulat a

number of fishes on the reef are attracted by the small labrid, Labroides

nhthirophagus Randall. Apparently this fish attraets a number of

species to a given area on the reef where it picks extern:'l1 parasi tea

from their bodies (Randall, in press). Although the maomo appears to

be comparatively free of external parasites, it is also attracted to

these areas, and on one occasion was observed undergoing inspection by

a 1,. phthirophagus. although the labrid did not pick at the body of the

pomacentrid. Repeated observations in the eastern end of Kaneohe Bay

during the spring of 1957 always revealed that a majority of the maomao

were in aggregations around pairs of this labrid. '!he first consideration

was M turally that the labrid had attraeted all of the other fishes due

to its feeding habit; however, the association may not be th.qt simple.

'!he labrid may ta..l.ce advantage of a natural aggregation of fishes that was
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c;msed b;r other phenomena., or some species m~-y be attracted by this

labrid, nnd other Rpecies m::l3' ro110v/, m.ot:ivated by some social drive.

Bejng suhstr(lte spDwners, .'1 fourth factor ths t sJ'facts the

di.strihution of L!a011"'AO is the avnilahility of suit?ble substrete on which

to RP'1Vffi.. 'n'is factor 1],8y 1.:18 j,1.ore influentia.l in eertein are!'s, depending

on the neture of the eubstrnte. This is discussed in the section on the

ana~vsis of reproduetive behavior.

The existence of 'lggregrlti"ns of m~omno is known to loeal trt."'p

f:tshernen who often use them. to their ad'![~nta["e. One fisher01'D with

AD excertionally large (~atch of J":'.aomno lAnded on October 7, 1955,

nttribnted l'is suecess to the reeent discovery of a new "maomao hole N

or aggregation nt a depth of about 100 feet. Such aggregations are

probably caused by a combination of the above factors.

'The distribution of adult maomao is actually dependent on the

distribution ~nd movements of the larvae and juveniles, toeether with

migrations of the adults. 'lhe larvae possess only limited. powers of

locomotion during the early free-svdmmip..g stages and are at the Derey

of prevailing currents I but as they mature they attempt to move inshore

to shallow protected arens. Nothinr; is known of the re-entry of

juveniles into deeper ''later. Only scanty inforrnr.l.tion is av;dlable on

adult maomao migration as it did not fall 'hi.thin the scope of this

investigation; however, during a period in which trials of various fish

tags were being carried out) some information was obtained on adult

movements.

Adult ffi<!Offi3.0 C<'3.ptured in the vicinity of the Tuna Pond ~)P "nine area

on Coconut Island "Ilere t..'1gged at various times throughout the year and



returned to this same area. '!'hese same fish were observed to remain

in this viciniW for a period of about four weeks, after which they

either lost their tags and their identiw to an observer, or they

migrated to other areas. 'ibe forner appears probable for maomao kept

in captivity retained similar tags for only four to six weeks. Although

a population of about 50 to 60 adult maomao seemed to remain in the

vicinity of the Tuna Pond gates, the amount of interchange between

members of various local IJOpulations or group3 in adjacent areas is not

known. Randall (1955) conducted a series of studies with t<'3.eged manini

(Acanthurus sandvicensis), and concluded from release and recapture

records that extensive migrations of this species probably do not occur

under natural conditions. 'ibis same study revealed that three out of

eleven fish displaced a considerable distance from the area from which

they had been taken, returned to that area.

A homing instinct such as suggested by Randall for the manini may

also be present to some extent in the maomao, althoU€'.,h the data is

insufficient to draw any conclusions. A maomao taken in a trap near

f!Sand Island", about one mile west of Coconut Island in Kaneohe Bay, was

tar,ged and released, and it was recaptured by a fisherman at a point

approximately one half the distance back to its original point of

capture.

Regarding migrations in other pomacentrids, Bardach (195S)

performed tagging experiments on a number of species of reef fishes in

Bermuda, including Abudefduf sa:xp.tilis (Linnaeus). Five individuals

of this species were tagged on a small reef (2.47 acres) located atout

300 meters from the nearest adjacent reef. '!\vo of the fish tagged were

12
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reca.ptured after 30 days and one was seen after 50 days on the sarne reef

on which they had been tagged. From additional observations on Pomaoentrus

fUBeus and ~. leacostictus which were observed in the same locations over

a period of 40 c:k'\Ys, the author suggests that, "~.omacentrus live out their

entire life spans in a small area of reef envirorunent,!1 although the data

presented did not seem to warrant such a broad statement. Longley and

Hildebrand (1941) and 'Beebe and Tee-Van (1933) both comment on the strong

terri torial tendencies in the pomacentrids" and the former authors

observed a serfSeant-w.ajor (Abudefduf saxatilis) (that was malformed and

therefore could he easily identified) around the same coral head during

two successive years. A sil!'ilar behavior is suggested for the ma.Ol1k'lO

locally, since aggregations can be found in reef areas which are

isolated from. other reefs b'J' deep v/ater and individuals or groups are

seldom seen in the areas between. It therefore seems reasonable to

asswne that maomao seldom. migrate any great dis tances; however, this

as}')8ct of the biology has not been thoroughly investigated.

Food and Feedin.g Habits

The food and feeding habits of the maomao were investigated in order

to disclose some of the biotic interactions" and to relate these aspects

of tm life history to the apparent suceess of this species. Success

of a species is interpreted to mean its ability to occupy a variety of

ecological niches and maintain relatively stable populations without

being greatly affected by modifications ili. t.'1.e environment. The adult

maomao is classed as being broadly omnivorous on the basis of storrach

content analysis" and it appears to be well adapted to a great va.riety

of dietary i terns, endowing it with considerable resilience to cha~es in
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t.he availability of any pax.·(jicular item of food.

'Ihe feeding habits of the maomao I'ei"J.ect the versatility of t!Lis

species, a.nd allow it to exploit efficiently available food under diverse

conditions. Among the noteworthy aspects of the adult maor.ao feedilJg

habits are the aggregations it forms Ulnar certain circun:..stances. :these

feeding aggregations are of two types termed the "curtain" and the Hball".

The type of aggregation formed in feeding seems to depend on the location,

depth of water, availal:rl.1itv of certain food items" and perhaps ot...lJ.er

factors.

The "curtain" feeding aggregation has been observed a nUEllJer of

times around the island of OahU, and is usually restricted to water of

depths greater than 25 feet where a persistent current exists. This

aggregation consists of a group of maomao in curtain-like forLat.ion,

extending from the bottom to near the surface" all facing into the

current" picking elements from the passir.g plankton. Individuals

usually maintain the same relative position in the tlcurtc..in", although

they may move short distances laterally and vertically to capture

organisms. This ty~ of feeding ar.,gregation is only adaptable to cortain

situations in which the movement and the plankton supply are adequate.

From personal observations" and those made by other trained observers"

estimates of the number of maomao making up these aggregations vary

from 200 to over one thousand. T'aese "curtains" of feeding !'Jaomao may

extend up from the bottom more than fifty feet, but when alarrr,ed, as by

t..l1e approach of a diver, the fish withdraw to substrate ref'.Jges. '!his

feeding arrangement in the mao.mao appears to be a ver"J efficient

utilization of the planktonic food aVailable" as a large volume of water

is exploited with a minimum expenditure of energy, and without direct



competi tion between individuals far food items.

The "balll1 type of feeding aggregation observed is one which

5.mrolves fewer individuals and is commonly seen in shallow water areas.

These aggregations usually consist of from 30 to 100 individuals

actively swimming tDgether near the surface of the water. '!he maomao

swim in tight circles in various planes to give the effect of a "balll!

of fish rolling mar the surface. Such aggregations were first

described by Tester (1953), who suggested they might be associated

'with reproduction. Although such aggregations often serve as a point

.from which females are lured into prelirLinary spawning maneuvers (see

section on reproductive behavior) observations thus far indicate that

the pr:i.rrary activity of such groups is associated with feeding. This

fom of feeding ageregation is most frequently seen during the morning

hours in shallow water, and prey are mainly crab zoea and other

positavely photDtaxic crustaceans.

When not in one ·01' the more specialized feeding aggregations

described above, adult maomao are often seen swimming lazily about

picking organisms out of the Vlater or from the substrate.

'!he diet of the maomao is quite varied as illustrated by the stomach

content analysis presented in Table 1. Specimens utilized for this

analysis were obtained from various locations around the island of Oahu

throughout the year. Copepoda were clearly the major i tern in the maomao

diet as indicated by this analysis. These crustaceans were the major

organisns both from the percent stomachs containing the i tam, and the

average bulk of organisms in the stomachs. Among the most common

copepods recorded were the following: Calanoida; Euchaeta marina.

Scolothrix brad,y1 t Neocalanus gracilis, Undinula sp., Candacia w-cp,;y­

dactyla, Candacia sp.; Harpacticoida; Sawhirina sp., GoRilia sp. t

15
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TABLE 1

DIETARY ITEPiS l"OUl1D IN 103 HAONAO STOHACHS FitOH FISH
RANGEIG IN SIZE ~"RO!'1 2.5 TO 180 mrl1. STANDAllD LENGTH

'!__'~_"'__"_"_""""'~""'_'_"'~'__~""_"_'_""""""~'O'~"--~"'~--"""~-"-""""'--"'-"i--~"'''''---''''''''''''._'",-,,,,,,~_~_·;-n'~'O .....".",•••_.,.,.."'.."'_'_. .....__j

. I Percentage' Average Percent !

; of Stomachs Composition by vo1- (
Number of Fish . Containing ( Ulne (as percentage !

Item Containing the Item Item ; of total volume) ;... -. """-"-'" -..-.---..-----.--". --"" :- __-_..+__..__ __ __.._._-,,--_.-"1
,.§:I~~!!:I.'EL~~..m;~y.P: .<~~)_. i_ _~M!_.j,.§!¥._.(~!.1_.)
; 2.5-10 : 10-30 '3)-180 i All Fish 1 10-)) '))-180 ;
'.__•..•.. ._..•.,... "_.."'._~, ~_ ..'w_ ......__~.•_~~" ,,,__ ~".''''''''''~'.''_''_'''"'_~_,__._.._ ...w,,,--._.._...""'.......,...... IP<"'.."_~.,, .......,_.,..'.'q..,_,__...__"'_.__.._ ....,'_,~.•......,........ ._..~. . t ,. ;

~
9
6

2 17

1
1
2
6

Detritus
Coarse Algae
Fine Algae
Chaetognaths
Ascidians
Polychaetes
Gastropods
Insects
Crab larval

stages
Shrimps
Copepods
ArI1Phipods
Yrl.sc. small

crustaceans
Crustacean

fragments
Eggs
Fish larvae
Unidentified

remains
E.rtpty

Total

5
2

2

2
5-

13

5
:2

31
14

2
5

8
2-

34

4 13 10 5
11 18 20 33
14 34 25 24

3 3 12
5 6 20 5
1 2 2 2

2 6
1 7 23 1

9 17 18 17
10 12 :2 10
:;0 68 51 42-
9 ~ 25 12

3 5 7 5

10 14 20 42-
21 2f) 9 15
1 1 1

21 32 35 47
0 7-

56
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Oneaea sp. One or two copepod species usually greatly outnumbered all

others in a given stomach; however, the dominant forms varied in

specimens from different regions. '!he algae consumed by the maomao

included species from the fo1.lowing genera: HyPnea, Ulva, Polysiphonia,

Cladophora. Ectocarpus I and L~rngqya. Other crustaceans found in

maomao stoma chs ineludedl\rn.phipods (Gammaridae and Caprellidae), crab

and shrimp larvae, and a :few isopods. Crustacean fragments, apparently

from larger crabs, formed .'ID important part of thG diet of those

individuals with this item in their stomachs. Some of the fragments

e.xnmined were identified as parts of a portunid crab; however, most of

the fragments were from unidentified crustaceans.

Another important dietary item found in some adult maomao stomachs

was fish eggs. Most of these Vlere round (probc:'1bly pelagic), measuring

from 0.9 to 1.2 rom. in diameter, althoueh a few elliptical pomacentrid­

like eggs, and some smaller crustacean eggs were also seen.

'lhe 11terature on food and feeding in the pomacentrids is restricted

to a few notes in widely scattered works. Longley and Hildebrand (1941)

examined three stomachs of Abudefduf saxati1is (Llnnaeus) and found they

contained mostly algae, with so~ copepoda and a few fish eggs. Dawson,

Aleen, and Halstead (1955) examined t,he stomach contents of Abudefduf

sordidus (Fors!:,..,l) and !.. septemfasciatus (Cuvier) from Palmyra Island

and found them both to be strictly herbivorous. Randall (1955), reporting

on the food habits of the same tv-ro species from Onotoa Atoll in the

Gilbert Islands i-'1as in agreement with the (Jove findings. '!he present

author, in a survey of the food of pomacentrid9 collected off of Waikiki,

Oahu, found the following: Dascyllus albisella Gill, carnivorous
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(mostly copepoda); Abudefduf immrip!nnis (Vaillant), omnivorous (mostly

annelids); Pomacentrus ,jenkinsi Jordan and Evermann, strictly herbivorous;

Qlromis vanderbilti, carnivorous (copepoda and eggs).

With the possible exception of Abudefduf saxatilis, the pomacentrids

examined in this brief survey all appear to have a rather restricted and

specialized diet, which, in general, reflects the more restricted range

of habitats to whioh they are confined.

The morphology of the alimentary tract of the maomao revealed that

it was well adapted to handle the wide range of i terns found in its diet.

The mouth is small and protrusible; the jaws are equal, each containing

a single row of close-set, strong, sharp-edged incislform teeth (see

Fig. 2). 'n1e teeth are basically truncate; however, the lateral teeth

in the jaw usually have an accentuated medial cusp. The teeth in a

148 mm. specimen numbered 50 in the lower and 413 in the uppet" jaw. No

teeth exist on the vomer, palatines or tongue. The pharyngeal teeth

consist of a lower, triangular plate and two pairs of laterally situated

upper plates all studded with areas of both sharp and bluntly rounded,

closely set teeth. These teeth appear well suited to aid in the

mastication of large pieces of algae and crustaceans, the remains of which

are often fourrl in maomao stomachs. A short esophagus extends posteriorly

from the buccal cavity and enters the triangular, thiek-wa1led stomach

in its antero-dorsal region. Three finger-like gastric caeca branch

laterally from the region of the pYlorus on the ventral portion of the

stomaoh. From this point, a thin-walled, convoluted intestine leads

posteriorly to the anus.

'!hus the adult maomao is well adapted to ingest, and probably

depends largely on a diet of copepods, supplemented by other crustaC~[LiS
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Figure 2. Teeth fran the lower jaw of a 141 m. maomao. A. Posterior
aspect of a tooth adjacent to the midline. B. R1.ght side of tooth shown
in A. C. Posterior aspect of a lateral tooth (42nd fran the midline).
D. Right side of tooth shown in C. Canparable teeth or the upper jaw
differ~ sl1gbtq from these. Some specimens show a more accentuated
medial cusp in the .lateral teeth than is shown here.



20

and eggs in tm plankton. Its sharp incisiform teeth also .make it well

;? dapted for feeding 011 a..;,; tached algae, which it apparently does when

oHier food is not abundant. 'Ibis dentition, along with the protrllsible

nouth of the maomao, also serves to aid the parent fish in cleaning an

area on the substrate for the attachment of eggs.

Various workers have attached importance to the length of the gut

in relation to the body length when comJ:6.ring species with different diets.

Such dimensions merely reflect the ratio of the surface area of intestinal

mucosa to the body size of the fish (Barrinr,ton in Brown, 1957). In

examining 56 species of fishes from the Red Sea, AI-Hussaini (1947)

found the following range of relative gut lengths associated with diets:

plan.1<ton feeders, 0.5 - 0.7; carnivorous fishes, 0.5 - 2.4; omnivorous

fishes, 1.3 - 4.2; herbivorous fishes, 3.7 - 6.0. 'lhe average relative

gut length of adult maomao is about 2.4, which is in agreement wi. th the

above findings, and may reflect the abili~ of this species to exist on

a strongly omnivorous diet.

Coloration

Coloration of the adult maomao falls into two general categories;

seX'~al or nuptial coloration, and normal ad."ipttve coloration. As the

treatment of both categories will be primarily descriptive, the

specialized nuptial coloration will be included in the description of

reproductive behavior, and only the norrnal adaptive coloration will be

discussed in this section.

Examples of adaptive coloration are numerous and generall;y well

known in the fishes, as they are throughout the animal kingdom (Cott,

19hOj Borman, 1951). I\mong the palle'3.centrids a tremendous variation in
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coloration exists as illustrated by examples of the two extremes. Very

gaudy coloration is displayed by Hypsyl?OP! rubicund! (Girard) and most

of the members of the subfamily Amphiprioninae, whioh apparently serves

to advertise a terri tory and perhaps indireotly lure prey, as in some of

the anemone fishes (Verwey, 1930b; Kritzler, Fox, Hubbs, and Crane, 1950).

The othEr extreme inoludes species with extremely drab, inconspiouous

coloration, which serves to be protective by reducing the fish f S contrast

wi th its normal background. Abudefduf abdominalis lies somewhere between

the two extremes, but it is of especial interest because of the wide

variation in coloration it displays.

Considerable attention has been directed toward variations in the

color pattern of the sergeant-major, Abudefduf saxa.tilis, which is

closely related to the maomao with almost identical markings and

coIOl~ation. Townsend. (1929) describes a.nd illustrates two color phases

in this species, a light and a dark phase. In the light phase, the

ground color between the vertical black bands is yellow to silvery ..

while in the extrene dark phase the ground color darkens and the stripes

disappear making the fish appear uniformly black. Longley and

Hildebrand (1941) also observed these two color phases in !. saxatilis.

They observed the light phase in fish feeding over a light sandy bottom,

or when swimming among coral heads, while the dark phase was displayed

by fish in crevices .. and especially by fish in deep water. They report

that some individuals observed in crevices at ten to twelve feet were so

dark that the black vertical bands were scarcely distinguishable.

These findings are in remarkable agreement with those observed in

Abudefdut abdominalis. Observations on the coloration of the maomao

revealed the light and dark phases also; however, in the light phase the



ground color had two distinct aspects, brassy-green and pure yellow.

'!he brassy-green aspect of the light phase is illustrated in Plate I,

which shows this coloration in the upper 1/'3 to 1/2 of the body, with

the lower portion of the oody pale yellow to silvery. The fins are a

dUSky sUver, and. the vertical bands are a distinct black in the light

phase.. During the yellow aspect of the light phase, the brassy-green is

replaced by pure yellow, and the fins appear less dusky.. '!he dark

phase is similar to that described for !. saxatilis, with duskiness of

varying intensities covering the normal coloring, until at the extreme

the entire fish appears black, and if the vertical bands are distinguish­

able at all they app~r slightly more gray.

Observations of the maomao in nature shO'Red that this species also

assumes a coloration that allows it to present a minimum of contrast with

its background. '!his was illustrated in an observation made in the

Vicinity of Coconut Island in FebruaryJ 1954, of a la.rge aggregation of

maomao extending from the surface to a depth of about 25 feet. Those

fish near the surface were a1~ of the light phase, while the others were

darker - the greater the depthJ the duskier the coloration.

Color adaptation of !".i.shea to blend with their baokground is Vlell

known and is O<'lrr:ted out wi th striJdng control in some species of fla t

fishes. Odiorne in Brown (1957) reviews such processes, and points out

t,hat the stimuli required to initiate these color changes are primarily

visual in nature.

The effect of dark surroundings on maomao was illustrated by placing

three adults in each of two thirteen-eallon glass walled aquaria through

which sea water was circulated. All six fish were of about equal hue ll

and of the brassy-green aspect of the light color phase. Both aquaria

22
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A freshly killed specimen or budefduf abdcm1nalis illustrating the
brassy green aspeot of the lig t color phase.' 'Ihis 147 mm. male w s
tak from the commercial tr p catch on September 10, 1955. In this
color reproduction the natural colors va n al tared slightly; the
normally yellow body 1s .shown here s or e _ and the greenish hue on
the dorsal dy is bluer in this photo r ph t seen in nature.
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were located on the shaded porch ot the main laboratory building of the

Hawaii Marine Laboratory at Coconut Island. One aquarium was then

covered with an opaque rubberized cloth which excluded all light, and

light was only admitted for two to three minutes each day when these

fish were fed. 'l'h.e other aquarium was left uncovered as a control.

After a period of just one week, the fish in the covered aquarium had

become extremely dark, so that the vertical bands were hardly visible,

while the controls were only slightly duskier. In addition, maom<lO

kept for some time in subdued light in tanks at the Steinhart ACjuarium

in San Francisco displayed an extremely dusky colora.tion. Odiorne J op.

cit., points out that, in situations such as these, melanophores may

increase in number as well as in size, presumably~r the proliferation

and differentiation of prospective pigment cells and possibly by the

mitotic division of the melanophores themselves.

White backgrounds seem to be accompmied by the opposite effect,

and maomao kept in such an envirorment soon become very pale. '!'his was

noted When several maomao were placed in a large, shallow WOOden tank

wro.ch was painted with a glossy white enamel, <J.nd was unprotected from.

the sun except for periods in the late afternoon. 'lhese n.sh were all

about the same brassy-green color when placed in the tank dur-lne the

first weck in June. During the follOWing two months they nll beCrtrne

extremely pale; very silvery ventrally, with just 3. faint yellow hue

on the dorsum of the body. '!he vertical bands also faded to a pale

gray, and were much reduced in length. In other sir.rd..lar inves ligations

it was found that this fading j.n C0101' was the direct result cf a

decrease in the number of melanophores, apparent~ from their degeneration.

In short term exr;eriments with Fundulus he teroclitUB, When :Ltdivictuals



were confined to a white background the decrease in melanophores was

at the rate of about 1 percent per day (Odiorne" op. cit.).

Longley and Hildebrand (1941) report that the color changes in

AbudefdUf suatills from the dark to the light phase can be very rapid

when this species is suddenly excited.. A similar rapid change in

coloration, not directly associated with the background color, is also

evident in the maomao and is believed to be under honnonal control.

When maomao were placed in a thirteen gallon glass aquarium and allowed

to assume the dark phase in subdued light, they could. be made to

transform to the light phase very rapidly by banging on the side of

the aquarium or otherwise exciting them suddenly. A silT'ilar reaction

has been observed in other species of fishes and is termed Ilexci tement

pallor" which results from the fishes being alarned or frightened.

This pallor is a result of a rapid and extensive ae,gregation of

melanophores .. such as is caused by adrenaline. However, the mechanism

controlling this phenomenon was not investigated in the mac:mao.

Other than the nupttal coloration discussed in the seotion on

reproductive behavior, no specifio color phase is associated with any

specific reproductive activities. Tester (1953) noted that a maanao

observed guarding a clutch of eggs was a very bright yellow; however,

numerous observations of maomao guarding c1utabes of eggs revealed a

wide variety of ooloration within the phases mentioned, most of them

corresponding to the brightness of the background. In a few cases

where a very light colored fish was seen in dark surroundings, it was

considered to be the result of an alarm response similar to that

discussed above.
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REPR01l1CTION

Structure of the Ileproguctive S;ys1;ss

'lhe atructnre of the reproductive systems in Abudefdut Ibdominalle

is not unlike that usually found in teleost fishes that exhibit external

fertilization. In the maomao, as in most teleost.s .. the passage of

sexual products from the gonad to the gem.tal pore is direct, without

being released into the coelomic cavity.

In the male maomao the gonads are paired.. laterally oornpreseed

struotures sWlIpended from the posterior dorsal portion of the coelom.

by paired mesenteries. '!hese testes are opaque and wh1te to pale

yellowish-brown. 'lhey are usually asymmetrical, the lert testis being

larger than the right in most oases. A vas deferens leadtJ posteriorl,y

from each testis, and the dUcts pass out through a singl':. pore at the

tip or the urogenital papilla, a conical structure located just posterior

to the anus (Figure .3A). '!his conical papilla in the male arises from

between two fleshy e1:.'l"uotures I and lies in an indentation in the ventral

body wall pointing in a posterior direct.i.on. The urogenital struotures

are often partially covered by two lateral raws of scalee, and apparently

during reproduction these scales are withdrawn to permit the erec ticn of

the papilla and the direction of sperm onto the egg mass.

In the female .ma.omao the same general structural organization arlsta.

'!he primordial ova are embedded in the genninal epithelium of the ovary,

and as these ceUs mature they are cast into the lumen whieh is continaoU6

with a posterior oviduet. '!'his condition is referred to as "eystovarian ll ,

and, as previously stated, is eommon to all but a f_ families of teleost
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fishes (Goodrich, 1930; Hoar in Ilrown, 1957).

'!he maomao ovaries are paired, rounded structures suspended from

the posterior dorsal portion of the coelomic cavity by mesenteries.

'!hey are very pale pink to white in immature specimens, and gradually

change in color and shape as the female ~canes sexually roture. As in

the male, the left gonad is usually much larger than the right. As the

OVal";;r increases in size, the posterior end becom(~s re1E tivel;y' larger

than the anterior, and trle color clw.J:'l..ges fran pale plnk to ct deep ch8I'ry

red or orange, depending on the color of the yolk mnterial. Dtu·i...'1g

spa:vming, the ova are forced into the oviduct located at the posterior

end of the oV~J and out through a !Iv!! shaped pore in the;enital

papilla. nus papilJa is roore blunt and rounded than the cOLiparntive

structure in t1:B rr..ale, and the opening is not terminal, but slightly

anterior to the apex. ,~,s in the male, this structure lies in a recess

in the ventral surface oJ' the body and is normall;)" partially covered

by t.'l1e adjacent scales (F-l[;ure 3B).

'!he release of germ cells has not been observed at close range in

the mao;nao, and therefore the posi tion of the external gem.talia during

spawning is not known. These structures have been observed during

spawning in a. number of fishes, irwluding some of the pomacentrids.

BredeI' and Coates (1933) observed spawning in Pomacentrus leucoria

Gilbert at close ra!.1ge, as did Garnaud (1951, 1957) for !;.t'iph5.prion

( II)percula Lacepede, and DascYllu8 trim.aculatus RuppeLl. In n11 of

these cases, erection of too gemtal papillae was noted.

Regarding the asymmetrical arrangerr,ent of gonads in this species,

the relative posltion of tl-:e larger gonad V'lRS not always the sane, and
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therefore some data is presented in support of a possible explanation of

this phenomenon. Ihring the exaFuination of 2,385 maomao obtained from.

the local trap catch, it was noted that in a large percentage of both

males and fEmales the left gonad was significantly larger than the r 19ht.

In some cases, however, the two gonads appeared to be approximately the

sarne size, and in a very few cases the right gonad was much larger than

the left. In addi. tion, two males and two females e:xa.rnined possessed but

a single gonad each. 'lhese data, obtained from visual e.xarnination of

the gonads, are summarized in Table 2.

TABLE 2

RELATIVE SIZE OF PAIRED GONADS IN 2,385 MAOMAO

EXAMINED FROM TRAP CATCH DURING 1954 - 55 - 56

28

Percent wi.th left
gonad larger

Percent wi th right
gonad larger

Percent 'wi th gonads
approxirna tely the

j same size

i Percent wi. th one
! gonad only

Males
(1625 examined)

13.0

Females
(760 examined)

97.5

0.1

0.3

'!he significance of such asymmetry is discussed by Kubo and Once

(1951) who observed a similar situation in Sard1.m.~ me1anosticta. 'lhey

point out that the equilibrium or weight in the body canty is important,

and since the right lobe of the liver find the pylorus place more bulk on

the right. side of the body, the left gonad becomes unequal in size. No

marked asymmetry in adjacent organs was observed in the maomao; however,



such organs as the stomach may naturally fall to one side during

devclop":1ent. It appee1..I's as though the allotment of splce to allow

certain organs su oh as the intestine to function properly is an

important consideration and is perhaps a major reason why one gonad

is restricted in gro'wth. The mechanism by which one gonad is restricted

is not imlnediately appa:-ent. Mechanical pressure alone does not seem

to be the determining factor as the size difference is noted in the

gonads at a very early st-1.?,e of developnent, before pressures are

exerted by adjacent organs. An e:h..-planalion for the control of this

differential grovlth in the gonads must therefore be soucht in the

early developmental processes or r:e;:'haps in the Genetic ip.fluence

exerted.

Gonad ¥ B ttl!'ation Stages

In order to obtain further informa,tion on the nature of maomao

spawning, a detailed e:X:JJ~1ination of the gonads from trap caught samples

vms undert3.ken. Between 5 February 1954, and 23 May 1956, the gonads

from 760 females, and 1,625 males were weighed, examined, designated

as to the degree of maturity, and notes were taken on their size, shape,

and color. '!he maturity of these gonads was initially designated

according to a method suggested by Blackburn (1941), rot it soon

became apparent tha t macmao gonads did not lend themselves readily to

such a refined classification which included seven distinct stages of

m;lturity. 'lhe following modified classification suggested by Tester

(1951) was therefore adopted:

Stage I. Immature: gonads small, stringy, and often difficult

to c1assify as to sex. Ovaries slightly rounded,
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pale grayis h-brown to pink. Eggs visible to the

naked eye, and transparent under magnification.

Testes white to pale yellowish-brown.

Sta.ge Il. Initially maturing or recovering spent: gonads

occupying about one-quarter of the body cavity.

Ovaries rounded, semi-transparent, pale pink or

orange, and often motUed with darker red spots.

Testes flattened, grayish or yellowish white.

Stage III. Ripening: gonads occupying about one-half of the

body cavity. Ovaries rounded, more enlarged

pos teriorly, light red or orange with mottled

darker areas, eggs visible through the ovary wall.

Testes ;yellow to white.

Stage IV. Fully ripe or nearly so: gonads occupying three­

quarters of the body cavity or more. Ovaries very

deep red or orange, often mottled with lighter spots,

eggs visible through the ovary wall, one ovary

usually larger than the other (up to twice the volume),

smaller ovary roumed throughout its length, L,rger

ovary 1.'1 terally compressed 'wi t.t, eule! rged ,;Of5 terior

end. Testes white, coxnpressed, often. cOJ1poi3ecl of

tl.'l0 or three sect!ons div--.i.ded by fis sures, one

testis usuallY l~rger.

Stt>.se V. Spent: gonads shn.ilar t.o Star::6 II. 'ft:is G tn-go

seldom obaer-ved in the m\lomao, proh'l.bly >ec~use 0.11

E~a'i1etes are not released in a 51n,;10 spawning.



'!he assignment of stages to gonads in the maomao sampled was

SUbject to sorre error due to the subjective influence of the maturity

of other fish in the sample I the color of the gonads, and perhaps other

factors; hO','lever, 'i 001"$ t~nt effort was made to be objective and base

jUdgements solely on tbe above criteria.

Although fully ripe maomao below 130 rom. were uncommon, a 119 m.rn.

ripe ramle (ovaries StEEe IV) and a 120 rom. ripe male '''ero GY'countered

during the adult sanpllne progrn.m. Data from growth trials conducted

at Coconut Is1E,nd inmc0,t,e tIr t r....'l.omao can attain a le.llgth of' 120 mm.

in one year, a.nd therefore it is assurlf~d that they are capable of

reproduction at that D,:;;.

Only ::; few :J.rtm8tXtre specima'1s (Sta;e I) were encOlmterod in this

sp.mpllJ'.g progrnm, nrilr)prily '..)6C8.use the trap fh:;herman frol:, rrhom the

sample was obtained generaUy discrlrded ,').11 In.<lomao of 100 to liC IE..

or less.

A stll"nm;'lry of UD rnn t.uri ty st8{';es of samples eXEurined dcr :lxg 1955

is presented in Tables 3 and 4. '!hese data reveal that the hi[):cst

percentage of Stage IV specimens is frond between January and September I

with a ma.x:im.um in Yay and June as indicated by the maturity stages of

both tm male and female gonads. '!he lowest percentage of ripe fish is

enoountered from October through December, the months in which the

greatest number of Stage V (spent gonads) and Stage II (initially

rnaturing or recovering spent gonadS) are also found. '!he paucity of

Stage V gonads found is attributed to the difficulty encountered in

distinguishing such gonads from those of Stage II. Also, males
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'fABLE; 3

STAGES OF OVARY DEVELOPNEli'f EXPRESSED IN PERCENTAGE
OF '.1'0'& SAHPLE, FROH TRAP CAUGHT l!J.AOHAO - 1955

Sample _.
II

Stage*
l10nth Size III IV V

Jan. 28 39.3 25.0 35.7 0

Feb. 35 28.6 '.!l.1 34.3 0

March 32 28.1 28.1 43.8 0

April 25 32.0 24.0 40.0 4.0

J~ay 41 4.9 46.3 48.8 0

June 32 12.5 25.0 59.4 3.1

July » 26.6 30.1 40.0 3.3

Aug. 23 26.1 47.8 21.7 4.4

Sept. 81 34.6 28.4 35.8 1.2

Oct. 66 47.0 33.3 12.1 7.6

Nov. 41 41.5 48.7 0 9.8

Dec. 22 68.2 22.7 9.1 0

Total 456

*Stage I (Immature) females not included as they were rarely
found in these smnples.
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TABLE 4

S'rAGES Oli' TESTIS DEVELOPHENT EXPRESSED n·r PERCENTAGE
OF TOTAL SAMPLE, FROl'] TRAP CAUGHT tfAO!'4AO - 1955

Sample Stage*
IV VMonth Size II III

Jan. 63 19.0 $.1 34.9 0

Feb. 44 31.S ~.4 27.3 4.5

March 76 32.9 ~.5 27.6 0

April 4S 20.9 45.8 33.3 0

Hay 59 20.3 J7.3 42.4 0

June 92 15.2 42.4 42.4 0

July 71 16.9 53.5 26.8 2.8

Aug. 77 19.5 57.1 23.4 0

Sept. 99 23.2 48.5 27.3 1.0

Oct. 104 52.9 .J).5 5.8 4.8

nov. 47 76.6 14.9 2.1 6.4

Dec. ..2§. 71.4 19.6 3.6 5.4

Total 8»

*Stage I (Immature) males not included as they were rarely
found in these samples.
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c:tptured while f~U[(rding clutches of er::r:s, indicEtting they hnd recently

rclea.sed some of the contents of their test.es, still hnd St,r~te III

C'orod"3. '!his sugeests thrt multiple spt'Wldnr;s t.:1.ke pll!lOO during a

sint.le seRson, ."nd after en eh epawning sufficient ]'F.rtinlly developed

'~P!'1etes remaj.n to cnnee the gor.<'C.ds to appenr ns Stage II, or possj_bly

even S t,8f,e III.

~J though the frequency of sp<1wx:ing of a sinp'le rnaomao 'was not

det,0rrrined, !'1ult:lnle spe'lwrdn{is in a s:tn7J.e breeding season hnve been

o~,served in other po.-nacentr:lds. Ve.......'!ey (11;'30a) observed a sjr.'l'le pa.ir

of ~~Rh;tp'rioI1 oorculS;, spavm fom-teen t1~'!1es between the middle of Ay:ril

and the end of November in the; Om"Jst Aquarium, 13!3t:lvia. Dunn,c:s the

per:iod of most reprodnct1_ve activity (June through AU:''..lst), I 11ne

sI"'3wrd.ngs were observed, with I'm ~verage lapse of 10.5 d9.ys hetween

1)roo~s. In one case Sp'11;·J!'.in~8 were separated by orly se"J'en dnys.

r;arn::'l1d (1951) observed similar frequ.ent sp'-".'IT'.i.ngs of ~. 'D.ercula. A

sine1e pair of Dasp:yl1us trin>.aculat.$!, also was observed to Sp:.1i\'Tl

frequently while in captivity. Seventeen spawnings were observed in

a period of seven months, with a minimum time betv.Jeen spawnin;:~s of only

six days (Garnnud, 1957).

In order to confirm the results obtained from visual analysis of

gonad maturity stages and to shed further light on the o1Terall picture

of maomao spawning, another method of gonad RIk'llysis suggested by Tester

(1951) was utilized. '!his method involves determining the relative

ronad weight, or gonad weisht as a percentage of t.re tote'll 1veight of

the fish, as a rreasure of its r:'L}:xme8s. When these relative v:eir;hts

are avera~ed on a monthly basis and plotted for a year, they form a
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Graphic p:lcture which shows the nature of the spawning cycle and the

p3riod of marlmu.TJl spawning of the population sampled. 'lhis has been

done in Figure 4 for female maomao sampled during 1955. '!he general

shape of this curve, with a gradual increase in relative gonad weight

to a peak in June, followed by a. steady decline to a low in November t

reflects the reproducti~ activit'lJ of the maomao in the area sampled

and is in close agreEment with the results obtained from the analysis

of gonad .rr,llturity presented in Table 3. In both of these analyses,

a peak of spawning is indicated for June, 1955. '!his time of maximum

s~wning is further confirmed in the number of juveniles observed

entering the Diamond Head tide pools at about this time 1n 1955 (see

Figure 20).

Sex Ratio

'!he sex ratio was determined by visual eX8J'1lilk'l tion of the gonads

of 2,313 maomao which were randomly sampled from the cOIMlercial trap

catoo beb'1een June t 1954 and June, 1956. 'lhase samples contained

1,587 males and 726 females, or 615.6 percent males and 31.4 percent

females, and the number of males exceeded the number of females in

almos t every sample examined ('Table 5).

'!be cause of such an unequal sex ratio in the maomao is purely a

matter of speculation at this point; however, some factors that may

contribute to it are discussed briefly. If an inequality does exist

in the sex ratio of the adult maomao generally, it is probably due to

unequal mortall ty caused by some behavioral difference of the sexes

at some time during the life history. It is more probable that the

unequal sex ratio obti1ined in this irwestigation is due to selective
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Figure 4. The monthly average of relative gonad weights (weight of gonad expressed
as a percentage of total body weight) of 456 female lUianao from random samples of

,trap caught fish during 1955. Immature specimens are not included.



TABLE 5

SEX RATIO OF TRAP CADGH'r ,FfAONAO Ii'ROH
HKEKI,Y SA;~l.)LF.S OV'&'1. A 'r'dO YE.AR p~:1nOD

Total Number Number Percent
Honth Sampled of Males of Females Hales

(1954)
June 58 49 9 84.5
July 80 44 3S 55.0
Aug. 123 92 31 74.8
Sept. 76 54 22 71..1
Oct. 104 72 32 69.2
"""i 70 53 17 75.7hOVe

Dec. 112 75 37 67.0

(1955)
Jan. 94 66 28 70.2
Feb. 80 45 35 56.3
March 117 82 35 70.1
April 77 52 25 67.5
Ne,y 119 78 lJ. 65.5
June 125 93 32 74.4
July 105 75 30 71.4
Aug. 100 76 24 76.0
Sept. 187 102 85 54.5
Oct. 174 108 66 62.1
Nov. 96 55 41. 57.3
Dec. 82 60 22 73.2

(1956 )
Jan. 77 57 20 74.0
Feb. 110 81 29 76.3
}~arch 41 33 8 80.5
April 69 58 11 84.1
Nay --11 --?1 10 73.0-
Total 2313 15i},? 72fJ
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sampling. Randall (MS.) relied on the same commercial trap catch from

which to obtain samples of manini (Acanthurus sandvicensis). Although

he did not determine the sex ratio of this species throoghout the year,

he found thnt in May" 1953" a sample of 291 marlin! eonsisted of 68 percent

males. From samples of manini obtained by less seleetive methods such

as poisoning and seining, however, he found that 60.7 pereent of a

sample of 221 manini were females. In both eases the samples are

relatively small, but this does point out the seleetive nature of traps

in regard to this speeies.

Since the percentages of male manini and maomao are about the same

in the trap catch, a similar selective process could be operating in

both cases. Such a process may be due to sone behavioral differences,

such as the males being more curious or ag,gressive than the females.

The trap fishermen report that seldom are just a few maomao found in a

trap; traps usually contnin ei t.her a large number or nom at all. This

may indicate tta t the sexes aggregate separately and follow each otJ.1er

into the trap; however" there are no observations thus far to support

such a statement. '!hus, Inrge scale, non-selective captures Dre

necessary in order to obtain a more accurate picture of t.1-je sex ratio

of the rna amBO in nn ture.

Although the ntl.'llber of males exceeded the number of ferr;.ales in

almost every san1ple obtained, the sex ratios varied between individual

samples and from month to month. (Table 5). In order to test the

hypothesis that the sex ratio was consistent with time statistieally,

and thereby show that the selective process was relatively constant,

the dR.ta were cheeked by the method or multiple chi-square sugf;ested by
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Snedeoor (1946: 206). '!his hypothesis is tested using the formula:

2 SpX - rBI
= (1)

in vI1ioh P is tJ1e aver'lge probabili t+Y of gettip.g a male in a monthly

sample, q is the average p:'obability of getting a fmmle in the same

sample, X is equal to the number of males in an individual sample, and

p is the prob.3.bll.ity of !!',1l1es occuriM in that sample. From the maomao

sample data presented in 'lable 5, P= O.6S61, and CI = 0.3139. Application

of these data from samples pooled ana Il10nthly basis over a 24 month

period resli.lts in a chi-square value of 69.52. Hith 23 degrees of

freedom, the proh..bility of having a conais tent sex ratio in time is

less than 0.01, and therefore the hy!X"thesie is rejected. In addition,

since no apparent correlation exists between the change of sex ratio

and reproductive actiVity, it is assumed that sampling of the two sexes

is ur.cqual and vdth differing degrees of intensi ty at varions tirnes.

Sexual. Di....morphism

No mnrl:cd sex,wl d1!l'orphism. was apPlrent in the maomao other than

the terrporar;y nuptial colora.tic·n observed in the breeding males (see

:election on reproductive ',ehavior for details). '!he sexes can be

distinc"lushed externally in mature specimens by close exarrination of

the external CenitaUa. The most apparent difference was in the

urogeni ~'11 papi~lae as illustr.ated in Figure 3. In addition, adult

maOD.E.o .f:rom the cOIlllne:ccJ.al trap catch revealed a consistent, minor size

difference throUt:..~out &11 of the saLiples taken. Of a total of 2,385

maomao sarrpled, the average standard length of 1,625 males was 144.0 rom.,

and of 760 fernales was 137. (~.mm. This difference was encountered
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reguJ.,~rly in samples and no doubt reflects a condition in natural

populations. However, since selective sampling of the sex.es is

indicated, the magnitude of this size difference may not be considered

reliable until further non-selective data are available.

Ova DeveloJl)1ent

The maomao ovary is a thin walled structure with branching clusters

of germinal epithelium extending from the periphery into the lumen for

a distance of 2 to 3 mm. The primordial ova are found in this peripheral

germinal epithelium, and as they mature they are released into the lumen,

a pro cess thl t gradually dis tends the ovary.

The ovaries appear to be very uniform in regards to their interMl

structure and contents. This was demonstrated when ovaries from a l42 mm.

and a 162 rom. specimen designated as Stage IV were removed from the fish

and transverse slices made at four points along the longitudinal axis of

each gonad, including points very near the extremities. From each slice

the dimensions of the gonad wall .. genninal epithelial structures, and

the frequency of ova of various size~ was determined. No significant

difference was observed in any of the measurements ta..l{en from one fish,

either between slices wi thin a single ovary .. or betVieen slices of paired

ovaries. It was therefore concluded that a transverse slice at any

point on either right or left ovary would yield a representative sample

of the .rnaterial contained in both ovaries of an individual maomao.

In order that the size and degrees of maturity of ovarian eggs

might be used in determining the magni tude and possi bly the time and

frequency of spawning, it was necessary to place these ova into various



categories. Following a modification of a method of classification

suggested by Tester (1951), the ovarian eggs were grouped in four stages

based on their size" ap}earance, and location in the gonad.

Stage A. Primordial ova (Figure 5A): 'lhese are immature,

transparent ova which are embedded in the germinal

epithelium and serve as a reservoir or stock pile

of primitive eggs from which the la ter stages

periodically mature. They range from 0.03 ix> 0.15

rom. in maximum diameter, and are completely

transparent up to about 0.06 rom. when the nucleus

takes on a coarse granular aPPEarance. At about

0.15 mm. the cytoplasm begins to become granular

at the end closest to the nucleus.

Stage B. Developing ova (Fi!,Ure 5B & C): 'lhese developing ova

gradually emeree from the ovarian tissue and are

eventually expelled into the lumen of tl"e ovary.

'!hey range in size from 0.15 rnm. to about 0.8 mIll.

and conais t of an irregular shaped mass of granular

yolY..y material. Up to about 0 • .35 mro.., these eg,gs

display a characteristic banded nucleus and a chorion

whic..h gradually thickens and then los es its identity

wi t1rl.n the opaque yolk mass. '!his stage is embedded

in ovarian tissue up to about 0.5 mm..

Stage Ot Ripe or nearly ripe ova (Figure 5D): 'lhese ova are

always free in the lumen of the ovary. 11:1ey range

from aoout O.fs mm.. to 1.1 mro.. and are roughly

ellipUC<:"l.l, wi th granular red or yellow yolk
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Figure 5. stages of deVeloping maomao eggs drawn from fresh material
taken from the ovaries of several mature specimens. A. Primordial ova_
(stage A). B. Developing ova (Early stage B) with characteristic banded
nucleus. C. Developing ova (Late stage B). D. Ripe and nearly ripe ova
(stage C).



material. '!Wo of the characteristics of ova in

this stage are (1) an adhesive mgnbrane cap covering

the enlarged end of tie ova, and (2) at least one

larE;e oil globule which moves rather freely in the

seEd-fluid yolk when the ova is rotated. As these

ova reach maximum size, and probably just prior to

spawning, a thin transp:trent zone forms, surrounding

the yolk mass.

Stage D. Residual ova: 'lhase ova are similar to the r;.r-e st

Stage C ova in size and appearance; however, they

are in various stages of disintegration. '!he yolk

aPJ:'6 ars more translucent and t1'e ova have often los t

their firmness and are ruptured and flatten'3d. When

obserlfed, these ova were always in the lumen of the

ovary and were few in number.

'!he egg diameter frequency distribution of Stage Band C ova has

been used as a means of deterrnining the number of tim.es a fish spa.wns

in a given season, 1'l.nd even the ex8.ct time of sp!r;:ming vn thin the

season (Clark, 1925, 1934). In plotting the angth frequency of ova

from Stage 4 maoroao ovaries a typical distriruti.on with three modes such

as illustrated by Tester and Takata (1953) for the aholehole (Kuhlia

sandvicensis) was encountered. '!his distribution typioalls consisted

of three pronounced modes, one of Stage B and one of Stage C ova. Only

rarely were Stage D ova encountered in the maomao.

Clark (1925) was able to demonstrate that the grunion) I..eures_t.hes

tennis t spawned on a two week cycle throug,hout the spawning season by

following the progression of modes of ep.,g diameters. She he.ppened to
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encounter a very special situation in which all of the fish spawned

within a day or two of the bimonthl.r spring tides. Examining the length

frequency distribution of ova dial!'£ters of the maanao with a similar

objective in mind, failed to produce any conclusive results. This was

probably due to the small size of the samples, the irregularity of the

sampling, and the fact that the maanao spawn almos t continuously

throughout tl'e year, although they appear to favor certain seasons and

certain periods during the lunar month.

Fecundity

The fecundity of a femal.e fish is defined as the number of eggs

spawned by that individual in one year. This figure is easily estimated

in a species that spawns but once a year. However, in the Inaomao"

multiple spawnings in one year nre ind:1.cated by the modes of egg diarueters,

and therefore an estimate of fecundity is possible only if the number and

magnitude of individual spawnings can be obset"'led. This was never possible

during the investigation ofmaomao reproduction, and '\:he only estimate

obtained was for the number of eggs released in a single spawning.

The method utilized for estimating the number of eggs in a single

spawning was that of Tester (1951: 93). Following this method, ovaries

were removed from the fish, blotted dry, and weighed to the nearest

0.002 grams. A small piece of the ovary" including the germina. ti.ve

tissue and ovarian wall, was removed and weighed, and the number of

Stage C (ripe or nearly ripe) eggs were counted. This allowed the calcu­

lation of the number of Stage C eggs in the entire ovary by a simple

ratio. '!he ovaries chosen for this analysis were those classified as
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Stage 4 according to the classification previously described, and in

addition they weighed THore t,.ytan 2 percent of the boctY weight of the fish

from which they were rernoved.

The results of the analysis of eleven specimens is presented in

Table 6, indicating that between 9,400 and 41,700 c:Na (with an average

of 21,400 ova) are sJXlwned at one time by the maomao.

In order to see if a relationship between fecundity and the size of

the fish existed" fish were chosen with lengths ranging from 119 to 169

rom. A significant correlation did exist between the estimated number of

egrss spawned at one time and the standard length of the fish, despite

considerable variation (r =0.625, P less than 0.05). The cause of this

variabilit¥ in the number of ripe ova is not evident at this time; however"

fecundi ty often varies with age as well as food and other environmental

conditions" which were Jlrknown quantities in the specimens analyzed.

In regard to fecundity in fishes, it has been pointed out tha t a

relat:i.onship exists between the mode of reproduction of different species

and their fecundity. According to Hoar (in Irown, 1957), viviparous

species and species exhibiting parental care produce fevler eggs than

those which spil.wn pelagic eggs and leave them unattended. The

fecundit\Y of onl;,>, a few local reef fishes has been estilnated ,md in most

cases it consists of tre number of eggs in a single spawning. I\mong

the pelagic spawners" Tester and Takata (1953) found that the aholehole

(Kuhlia sandvicensis) varied considerably but averaged about 100,000

eggs per spawning" 'While Randall (MS.) from a single determination

estimated that the number of eggs spawned at one time by the manini

(Acanthurus sandyicensis) was about 40,,()(X). Among the sulJst.rate

spawners that guard their eggs, Strasburg (MS.) estilr13ted that a



Tl':BLE 6

E3TIl'Jr).TED NUHBER OF H.IPE Off. I'r1<~PRLY RIPE EGGS
IN ZAO?''lAO 'rllEEN F'llU'! COr'TTSRCIAL 1~~AP CA'I'CE

Gonad Ht"t.
Standard Est. No. as Percent-
Length of Eggs age of Body

Captured (mlll. ) (Thousands) I:Jeight

6/10/55 119 9.4 2.2

7/23/54 124 11.1 8.5

5/27/55 128 24.5 6.2

7/8/55 132 25.9 6.1

5/4/55 1~ 12.8 4.4

1/17/55 142 18.7 6.1

1/17/55 145 16.5 12.2

2/22/55 Ill> 18.9 8.2

4/15/55 158 33.6 11.2

6/10/55 163 LJ..7 15.5

3/29/55 169 21.9 6.4

Average 21.4
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blenny" Istiblennius zebra. produced a little over 10,,000 eggs in a

single spawning. If we consider" a priori" that the number of eggs in

a single spawning reflects the total fecund! ty" these examples generally

follow the originally stated relationship.

Among the pomacentrids" a number of observations have been .made on

individual spawnings" and a few deterndnations of actual fecundity are

given. One of the most fecund of the pomacentri&J appears to be

Daseyllus trimacula tus (R~ppell). Garnaud (1957) counted 21,809 eggs in

a nest and stated that the number varies between about 20,000 and 25,000

eggs per spawning. Bet;lfeen SeptEmber 1956 and April 1957 a record of

17 spawnings was made" and although not mentioned in his parer, the

author stated in personal correspondence tha t this was the continuous

record of a single pair of fish. From this it might be concluded that

the fecundity of Q. trimaculatus is in the order of 350 - 400,000 eggs.

Garnaud (1951) found that two fernale Amphiprion P!rcula (Lacepede)

averaged about GOO eggs per spawning; however, considerable variation

existed in the number of eggs between spawnings. Each of these fana1es

was observed to spawn at least 10 times in om season in an aquarium.

'!he number of eggs in a single spawning by one female ranged from 351

to 1,497" and by the second female from 283 to 1,432 eggs. '!he au·thor

states that these spawnings occurred from late February through August,

and he implies that the sunmer spawnings produced more eggs than the

earlier ones. Verwey (1930a) working vdth ~. perocula in &tavia was in

disagreEment with Ga.rnaud (op. cit.) on the number of eggs spawned by

this species in a single brood. Verwey states that the brood consia ted

of about 200 to 300 eggs, and since the interval between spawnings is
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from seven to fourteen days with a rest period during the shifts in the

monsoons" he concludes that the fecundi14Y of this species is about 5,,000.

Verwey (op. cit.) also observed three broods of eggs spawned by

Amphiprion ephipstwn (Bloch)" and found that the brood size was about

the same as that of !. percula. Brinley (1939) states that another small

parnacentrid" the beau gregory, (Pomacentrus leuCQstictus) deposits its

eggs in old conch shells, llin closely packed clusters of several hundred. II

Observations on Pomacentrus 1eucoris Gilbert by Breder (1932), and

Breder and Coates (1933) revealed that this species spawned an estimated

400 to 500 eggs per Splwning while held in captivity in the New York

Aquarium.

Although fragmentary, these reports suggest tha t the pomacentridB

tend to spawn a relatively srnall number of eggs at frequent intervals

throughout the spawning season, which may be quite lengthy. Since the

number of eggs spnvmed varies with the size of the fish as well as

environmental and physiological conditions" it seems futUe to speculate

further on the maomao fecundity until more information is ava:Uable.

Nature of the Spawning Oyola

'!he nature or the maomao spawning (\Vcle was investigated from a

number of aspects, including the timing in the maturation of the gonads,

the frequency wit.h 'ahich new clutches of eggs were deposited" the length

frequency dis tribution of juveniles .migrating into tide pools, and the

effects of various elEIII.ents in the physical enviroment. F~\ch of these

aspects contributed :i.nforma.tion that was utilized to establish a general

pattern of fJp<'1wnin<:; throughout the year. Most of the observations made

conformed closely to this y:att.ern, even though the data were often derived



from different areas and years.

Gonad maturity as an index of spawning has already been reviewed

and illustrated in Ftgure 4, reveaUng continuous spawning throughout

the year with a def'ini tA" period of increased reproductive actJ.vi~71 or

"bi'eeding season" starting about mid-December or early January and

oontinuing through Jul;y.

In an attempt to rela te spawning activi t.¥ with fBctors in the

physical environment, temperature nuctuationB during the breeding

season were first investigated. Orton (1920) discusses the inrportance

of' temperature in tm breeding of marine animals, and points out that

under normal eonditions animals inititlte breeding at l3. de!inite

temperature, which is 8. physiolo?,,ical constant for the species, or at

a definite temperature change, which may be the !!1aXimum 01' minimum for

the area in question. 'lhese phenomena ma37 apply to the breeding season

of the momo as they do for a number of fishes. Accordine to the ds'lta

presented by Leipper and Anderson (1950) on surface V!t'!.ter tanperrltures

from the Haw'liian Island area for a six J'e<=lr period, the'! lowest maximum

and minimum temperatures were recorded from Janu<>.ry through llet;r, which

generally coincides with the most active period of re:rroduct,ion in the

maomao as indicated by the relative p;onad weight, the number of new

broods observed, and the number of juveniles entering the tide pools for

the four yo?,!' ~riod covered by this investigation. t\1Bo the sharpest

drop in the minimum kmnerature recorded thronghout t."e y6<JJ:' is between

October and November, which coincides with the apparent low ehb in

spawning activi t,y of the rraoma.o. Thus it I'!.ppears as though mnOIn.I'.O f<.wor

colder water for sp..');,'mir.g, and that a marked drop in water temrerature
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may in! tia te spawning in December or January. A silrd.lar trend toward

spawning during the spring and early summer when water temperatures are

lowest has been observed in other local reef fishes; i.e. Panacentrus

i.enkinsi (Cosline, 1957), AS(AAthurus sandvicensis (Randall, MS.),

Kuh~ ,!3anroricensiB (Tester and Takata, 1953), IptiblenniuB zebra, and

Entromacrodus marmoratus (Strasburg, MS.).

Observations on the number of new clutches or broods of eggs Tlere

made throughout a four year period revealing a spawning cycle of the

same general configuration as tha t determined from plotting re1ative

gomd weights (Figure 4). 'lhese observations were carried out in the

Tuna Pond and Southwest Point spawning areas at Coconut Island (see

Figure 1), and although the number of clutches observed was relatively

small, some revealing short term nuctuations were encountered during

periods of peak spawning. 'lhese fluctuations indicated a lunar

periodicity in Sp<lwning.

Numerous reports of lunar associated periodicity in reproduction

of animals and plants are fourd in the literature, and reviews are

presented by Fox (1923), Amirthalingam (1928), and Battle (1930).

Twenty-five cases of organisms reported to have displayed lunar periodicity

in reproduction are cited by Pattle (ibid.); five cases in the algae, and

tweniiY animals, including eleven polychaetes, five molluscans, and one

species of fish. 'lhese fluctuations in spawning take very different f~rms

as in three species or polyehaetes which display bilumr pa-iodicity in

reproduction, spawning on the full and new moon, and in the case of the

oyster, Enche;J.yopus cimbrius in which spawning goes on continuously

during the breeding season, reaching a roa.ximum. during the spring tides
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at full and new moon. After investigating spawning in this oyster,

Battle (ibid) concluded that the periodicity is not due to light, ;:-lUt

to rhythmic effects of the alternating spring and neap tides mich.

produce a simi.lar rhythm in the spawning of this species. Other fa.ctors

may act to assist in producing this rhythm, such as salimty at successive

high and low tides, variation in the food available to the adult, and

temperature variation. Amirthalingham (op. cit.) who investigated a

lunar periodicity in the reproduction of F)cten opercularis did not

attribute this phenomenon to tidal effects, food, or direct li?ht of

the moon individually, but thought that the cumulative effect of these

factors might be responsible for the periodic spawning. He further

sU{",gests that in an animal there is a physiological rhytl1.m. that causes

the deve10pnent of the gonads to coincide with the full moon each mont.'1.

Fox (op. cit.) investigated lunar periodicity in spawning of the sea

urchin Centrechinus (Diadema) setosus at Suez and discounted hydrostatic

pressure as a cause of spawning on the full moon, as t:re greatest tidal

change at Suez is during the new moon and not the full moon. He concluded

that periodicity is probably associated with the actual light of the moon,

and perhaps changes in the chemical oomposition of the water which changes

wi th the flushing accompanying spring tides.

One of the best known samples of spqwni~ periodicity a.rnong the fishes

is that reported for the grunion, Leuresthes teJl~ by 'lhompson and

Thompson (1919). '!hey showed tha t these fish come in to spawn in the

beach sand on high tides during the second, third, Hnd fourth nirhts

after the full moons of March to Augus t. Clark (1925) pointed out tha t

this spawning run takes place every two weeks ins tead of every four a.s
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as the t.lhompsons had concluded. 'lhis bilunar periodicity is associated

wi th the spring tides that occur at the t.1.me of the full and new moon.

According to both the t.lhompsons and Clark, the tides and not the phase

of the moon, or moonlight per se, const:i. tute tile lim!til1g factor on whieh

the spawning fish depends, as srawning t;1kes place even during periods

of heavy overcast when moonlight is excluded.

Tester and Takata (1953) show a peri.ort.! 0.1. ty in the r ecrui tElent of

the aholehole, Kuhlia ~ngviccn5is, ",;,1 th £'n increased percentaGe of s.rna.ller

fIsh occurring apprOxlf'!l8tely every tl"ri.rty d,:ws around the tj.rie of full

moon. '!hey sug'~est that this increase is probably either associa ted with

periodic spawning, or that the I!1.igration of the young fish :tnto shallow

water is somehow controlled so 8.S to occur mainly at this time. Randall

(MS.) also presents evidence th3t an increase in the spawnine probably

takes place nround the time of full moon as shown by the increase of

ro..:"iture gonads at that time, as well as some evidence of the periodic

influx of transforming juveniles into the tide pools.

lunar periodicity in maomao spawning was most apPflrent in the

records of neW nests made during p3riods of .MaXimum reproduct:i.ve

activity, and best illustrated during the peak of the spawning season

from April to August, 1957. Since increased spawning l'laS .!!lost evident

around the time of full moon, (see Fieure 6), it was expected that a

line:.1.r relationship ,,",ould probably exist if the number of new nests

were plotted against their proximity to the full moon. Plott.i_ng these

data and fitting a line of best fit by the method of least squares

resulted in a line wi th prnctically no slope, ani therefore almost zero

regression of spawning frequency on t..he full moon, (Y =1.5 .f O.0035x).
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reyealed secondary per.};:s of spt''M1in{~ nclivity coincident with periods

"'!round the time of ne1"! moon in addition to those around the time of

fnl1 moon (see Fir:ure 6). An anll1ysis of the data shown in Figure 6

is pres('nted in Table 7 he10\'1, :i.n order to further illustrate these

robti.onshipe •

T~BI..E 7

TP'S FWUENCY OF }!AOMAO SPfltiNDJG AS InDICATED BY THE NtJ1l:BER OF Km c
" 'mooDS

54

O~ERVED TI\' THE SOUTINFST POINT SPA:.\'1UNG ART:A DURING FOUR 'IHS CF 1957

N.a ,jor peak of SP'lwning Secondary peak of spawning

!Month Date Days to Days from Days to Days fran
nearest last major, Date nearest last second-

, full moon peak l1e\V moon ary peak;
I

f. 1i April 15 29 0
i

!May 14 f. 1 29 -'* -* -*,
I

! June 10 - :2 27 26 -1 5S

. July 12 !-l 32 26 - 1 30

Average I- 0.3 29.3 -1 29.3**

* June secondary peak not distinct.

** Average of three months.

The total new broods observed (within three and one half dc"lyS of a

given moon phase) in each month for the new and full moon phases, and

simiL~r data for new broods in the first and last quarter were plotted

and shown in Figure 7. 'Ibis figure illustrates a marked increase of new
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in"lods du.!'in~ the full <U;,d l:lEFl moen p'hnses except in rronths ;Then

of rle-.i 1;roo3s o1~Dervcd ;1;rir,,'3 the pooled full nnd nm"r moon ph'}ses to

L1'e ponlcdfirst ;mn l:~st ;~uilrt.cr rhnscs was si:,.,jficantJ.y cIiffcrent

fro:;: tLc 50:5"' rntio (C11..1.-:oy:uare ~:aJ.ue :: 15.S, d.f. 1, 'P =< 0.01).

r",lr~"r p.:!ri.odicity in maomao spawning did not become apparent until

the data were carefully analyzed after most of the observations had

been made in 1957, and therefore little was done to determine causal

relationships. From the literature cited, it is appa.rent that in most

animals that exhibit lunar periodicity in spawning the causes and

meclmrdslllS of tbese phenomena are not clear. HO'Iflcver J most ?uthors

sugr~est t~ t they are not simple, and are believed t,o be c::;used by

multiple factars which may include light intensity, tEmperature,

hydrostatic pressure, currents, changes in the chemical canposition of

the water, changes jn the abundance of food, etc. Since fa8omao spawning

continues tp,roughout the lunar .month and is o!'~y accentuated durinf

periods of the full and now moon phases, it is suggested tb."'It the

l'oBular s tim.ulus for imtiating spawni:p..{~ is me rely nccentuated or

augmented by some bilunar associa ted factor. It should Oe pointed oat

tkt these observntjons on t.he froralency of srawning "Jere all metde in

GhallO\'1 water, and such regLtla.T fluctuations may not occur aT..ong deep

water sJklwners.

Further evidence of periodic! t.Y of reproductive 8ctivity is found

in the lena;th frequency distribution of juvenile maomao entering the

tide pools .. (see Figure 22). Although the relationship is erratic in

smaller samples, during periods when l.."lrge samples were regUlarly
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obtained, the smallest sized juveniles were mOB t conspicuous about the

time of full moon. Since t.he data indicate but one peak per month, this

may ',e a phenomenon of juvenile migrations associated with a phase of

tre moon and therefore not directly a refiectlon of the periodic

spawning.

Nests

'!be nests in which clutches or broods of maomao eggs are attached

usually consist of prepared areas on ha.rd substrates such as rock, coral,

or concrete which is uncluttered by larger attached organisms. Other

requirements of such an area are discussed in detail in the section on

spavming behavior. '!be shape of tm deposited egg mass depends largely

on the shape of the available suit-able area; however, if the chosen area

is larger than required to accommoda.te the brood, the egg mass is usually

circuL'1r. Since multiple spawnings 't<'1ke place on a single site, er,gs

added to an already existing circular clutch are deposited as a crescent

shaped mass along 100 to 180 degrees of the periphery resulting in an

elliptical clutch. Hatching of the initially spawned eggs therefore

often leaves a cres cent holl~v circle of eggs.

'!he density of eggs deposited in the msts was determined by

oy.arrining clutches that had been att..'\ched to concrete spawning slabs

in the spawning areas at Coconut Island. These c1utciles were brought

into the 1a.boratory and exarrined with the aid of a binocular microscope,

ond the density of attached eggs was determined in a number of locations

C:losen at random on each slab. 'thirteen such determiru-itions from four

separate clutches revealed an average densi ty of 1.2 eggs per s0uare

millimeter, with a range from 0.96 to 1.6() eggs per s(~uare millil::0t~)!'.
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Estirna tes of the total number of eggs deposited in twenty-nine nests

were made by measuring the dimensions of the egg mass, and using a.n

average density of 1.2 eggs r:er square milliJneter with too appropriate

mathematical formulae for determining the area of the particular nest

in question. In the ease of irregular clutches, various measurements

were taken and a scale drawing was made on a piece of grid !K"lper. '!he

area was deterwined by graphiea.l integration of this drawing. Estimates

of the areas and number of eggs are presented in Table 8. '!he average

number of eggs in a single nest was 56,800, with a range from 10.1 to

116.9 thousand eggs.

Many of these nests had two distinct clutches of eggs at different

stages of developnent, and as many as five well defined clutches have

been observed in a single nest, each identified by a ooloration

characteristic of a different stage of developnent. It is unlikely that

a single female spawns all of the eggs in nests containing multiple

clutches, as these clutches may contain eggs with different colored yolk,

'whereas the yolk color of ovarian eggs is always homogeneous in a single

female maomao.

OVA
Description of Ova

The ova of maomao are not unlike those of most marine teleost fishes

in that they are mesolecithal and et..isplay teloblastic or incomplete

cleavage. The animal pole, which is apparently always found at the

larger, attached end of the ovum is identi fied prior to cleavage by a

narrow white area on the surface of the yolk adjacent to the attachment

structure.

When released, the larger half of the roughly elliptical ovum is

enclosed in an opaque adhesive membrane eap utilized for its attachment
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TABLE 8

SIZ\~ MiD CONI'FNTS OF 'r,iJEN'rY-NI1:rB !'lAOfI.iAO IE~STS

OBSgRVED IN SPknnm AHFJ,S AT COCONUT ISI,ALD
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'Number

1
2
3
4
5
6
7
8
9

10
11
12
13
14
15
16
17
11'3
19
20
21
22
23
24
25
26
27
28
29

Date

2/20/54
2/20/54
3/6/54
3/13/54
3/20/54
4/10/54
4/12/51+
4/17/54
4/24/54
6/18/54
7/7/54
7/20/54
9/1/54
5/6/55
5/6/55
6/9/55
8/3/55
4/2!~/56

4/YJ/57
5/2/57
5/14/57
5/20/57
5/21/57
5/21/57
5/2]/57
5/25/57
5/25/57
7/13/57
13/1/57

Avcra.ge

Area
(Sq. In.)

151
50

113
141
113
177

42
49
75
13
77
23
31
44

113
94
72

113
67
47
65
28
90
31
63
69
~5

lJJ
88-
73

.Area
(Sq. em.)

974
322
729
909
729

1141
271
316
/J34
84

497
148
200
284
729
606
$7
729
433
300
LJ.9
LJ.
581.
200
lIJ7
445
3l()

25g
567

473

Total Eggs
(Thousands)

116.9
38.7
f1.7.5

109.2
En.5

137.0
32.5
Yl.9
58.1
10.1
59.6
17.8
24.0
34.1
87.5
72.7
56 ..0
87.5
52.0
)S.o
50.3
21.7
69.7
24.0
48.3
53.4
3'7.1
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to the substrflte (see Figure 5). 'Iha ndhesive properties of this

membrane are specific in trlRt it does not adhere to other roaomao eggs,

but adl:el'es strongly to ever:r other substance tested inCJudin<'S /")103,85,,

metal, coral, am even t,o the scales of the I:".Cloma.o itself. This adhesive

membrane CdJ) is attached to the egg at the arlim.al pole, and its inner

surface (surface in cont.1ct with the c:b.orion) is non-ad.'lesive" while the

outer surface is high~r adhesive. On release of the OVLLTL into the water

the adhesive membrane ~"lp strongly adheres at the first point of contact

wi th the substrate and subsequent turbulence of the water causes the

ovum to S'ffay to and fro in various planes resulting in the attachment

of a large area of the adhesive surf:ice of the cc..l.p. Ev'cntual1:Jr the cap

is completely inverted and anchors the egg with a skirt-like attacll1l1ent.

Vlhen anchoring the egg in place, this l:tlembrane is C.l to C.2 millimetez's

long and expa.nds to cover n surfnce about 0.65 square rnilli.::teters. When

viewed in an egg ll".ass 1n natul'e, t~ attachment membranes of all of the

eggs SeO,i'll to be cont:teuous 85 was reported by BredeI' and Coates (1933)

for too egf!.s of PO.l!k"lCent..ru8 leucoris; however" in the germs Amphipr10n

all mem'br.!1.nes .are d5.stinct and separated from each other (Cohar" 1948).

Garnaud (1957) reports that the female pascyl1us trimaculatus deposits

an adhesive substance to form a basal network or foundation to which

the attachment membrane of the ova stick. It appears as though this

type of ~.sa1 network is unnecessary in the ease of the maomao, as the

adhesive membrane alone anchors the egg wi th such tenacity that it is

very difficnlt to remove it from tm substrate. '!he specific mture of

the adhesive on these membranes aprears to have a defini. te value in

insuring the proper distriootion of maomao eggs in the nest. Since the

eggs fail to stick to each other, the female is not required to place
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her gemtal papilla or ovipositor precisely in a vacant spot on the

substrate when spawning but may express her eggs in the vicinity of open

areas without danger of piling upon one another. This unique property

of the adhesive membrane, plus possible tactile receptors located in the

ovipositor, appears to be instrumental in insuring even dis tribution of

the ova on the substrate and thus attaining proper spacing for efficient

aeration and a maximum. utilization of the preJ:ared area.

'lhe fertilized maomao egg is similar to other pomacentrid eggs that

have been described. 'lhe yolk a.ppears evenly distriblted throughout the

mature ovarian egg; however, uIX>n spawning and fertilization the yolk

contracts and. becomes more dense, and a large fluid filled perivitelline

splce separates it from the chorion at the distal end or end opposite

the point of attaohment. 'lhe chorion is smooth, colorless, and trans­

parent, ani lacks arry longitudinal striae such as tmse observed in the

eggs of ~centrus l~eoris by treder and Coates (1933). '.the dimensions

of 3S maomao eggs in various stages of development showed the average

length was 1.29 millimeters, with the range between 1.17 and 1.40

millimeters. '!he maxi.mum width was 0.67 rom. and the minimum. was 0.62

rom. with an average of 0.66 mm.. !he egg size did not ohange noticeably

during development. 'lhe yolk UStk'l1ly contains a single large oil

globule about 0.2 nun. in diameter, two or three secondary oil droplets

of 0.05 to 0.10 rom., and a variable number of fine droplets smaller than

0.05 rom. !he proximal end of the yolk mass, or end nearest the attachment

manbrane, is capped with a thin, whitish layer of cytoplasm which appears

to extend distally a short distance over the yolk mass. Actually a thin

layer of cytoplasm covers the entire yolk mass but a heavier concentraM.on

at the animal pole makes it visible at that point. After fertilization



a flow of this protoplasm toward the animal pole creates a ,~';ore

conspicuous telolecithal egg (Nelson, 1953= 249).

The color of the yolk usually is a light red or pink; however, in

a few eases, rnaomao eggs with a yellow yolk have been obServed. Orton

(1955) has investigated vnriation in the color of marine fish eegs and

sup,gests t.ha t diet may be an important factor in yolk coloration.

Besides diet" Orton (ibid.) points out that background color of a

species may affect the color of the yolk. She discusses the eggs of

the cabezon, Scorpaenichthy! mannoratus (Ayres) which occur in three

color phases, pink, green, and colorless. '!his same species of fish

ocoors in three phases J red, green, and occasionally white. However,

the exact relationship be'bIeen the adult color phases and the yolk

color of the ep-,gs is not clear. The effect of diet on the carotenoid

pigmentation of the pomacentrid fish HYI'!YP9ma rubicunda has been

denonstratedj changes in the external pigmentation of this fish are

closely associated with the carotene content of the food consumed

(Kritzler, Fox, Hubbs, and Crane, 1950).

The ~rcllow yolk in maomao e{'-£s appears to be associated with only

one of the areas observed and therefore some components of the food

consumed in that area may cause this var!" tion in yolk color. Yellow

eggs were only observed in nests at Coconut Island "md were never seen

in the large number of ovaries examined from trap caught fish from other

areas on Oahu. If constituents of the diet caused this color variation

in the mnomao eggs, their consumption appears to be infrequent as only

a. small percentaee of the Coconut Island clutches observed '-Jere of the

yellow color phase. Better understanding of this phenanenon requires

isolation of the pigment responsible for this coloration and its pOBsible
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rele, t:'Lonship to metabolic processes ar:d food :::on:;u.med by ,'nOI::.ao

possessing ova of tl~s color.

Stages of DevelOqne nt

The developnent of the maomao is very similar to that described for

other pomacentrids, including ~mphiJ?tl.on E!t1'~ (Lacepede) by Delsman

(1930), Chromis 2rrornis (Gunther) by De Gaetani (1932), Pomacentrus

leucostietus Muller &: Trosehel by Erinley (1939), and Abudefduf saxatilis

(Linnaeus) by Shaw (1955). Shaw (ibid.) found that the eggs of !.

s~.xatilis hatch in about 6~ days after fertilization at a temperature

of 24 degrees C. As the maomao is considered to be a close relative of

~. saxtltilis, it was not surprising to find that the developnent of these

two species followed an almost identical pattern. '!he rnaomao hatches

about six days after fertilization within the temperature range of

22.50 to 2$.5° C. with the average temperature of 24.50 C.

The following description of embryonic development is based primarily

on observations of maomao ova na turally spawned and fertilized in the

vicinity of the Hawaii Marine Laboratory, Coconut Island. Although the

details of various stages of development were recorded from a number of

different clutches of eggs, the time sequence of development was not

revealed until actual spawning and fertilization were observed and the

SUbsequent development followed closely. Since spawning took place in

shallow water, a sample of eggs was scraped from the clutch immediately

after fertilization, placed in a jar of fresh sea water, and taken into

the laboratory where they were observed with the aid of a binocular

microscope until hatching.



First Pu

Cell division proceeds rapidly after fertilization. '!he

chorion lifts away from the yolk after fertilization, and

the yolk constricts somewhat assuming a more spherical

shape. An accentuated perivitelline space results at

the vegetal pole (distal end); however, this space is

small or abSent at the animal pole during early stages

of development. The blastodisc, located pro:x:i..!Il.ally,

begins to cleave, and the first and second cleavages

are along the longitudlnal axis at right angles to ea.ch

other. '!Wo hours after fertilization the so-c:nlled four

cell stage is completely formed, (Figure SA). The eight

and sixteen cell stages follow in rapid succession.

HO'frever, because of the opacity of the blastodisc,

definition of the blastomeres is more difficult beyond

the eight cell stage. As cleavage continues, a knob-like

blastula forms on the yolk mass, but epibolic erowth makes

the seplration of the two areas less and less distinct

except for their relative transparency. :rw 6t: hours the

blastomeres have extended almost to the equator of the

yolk mass (Figure 8B). Observations at l6ili hours reveal

that the protoplasm has advanced over more than half of

the yolk mass, and gastrulation is well under way. At

one point along the division line between the yolk plug

and the blastula a definite convergence and involution

is evident. This c"'uses uneven epibolic advancement of

the blastula, and results in the formation of a yolk plug

consisting of about one third of the surface of the yolk Ir;.ass,
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FIGURE 8. EARLY EMBRYOLOGI CAL STAGES OF
ABUDEFDUF AB.DOMI~ALIS. A. 2 HOURS. B. 6.5
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4. YOLK. 5. BLASTOMERE. 6. ADHESIVE MEMBRANE.
7. SOMITE. 8. OPTIC VESICLE. 9. BLASTOCOEL.
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(Figure 8C)~ About twenty hours after fertilization the

advancing :i.rwoluted shield has reached the original animal

pole. A neural ridge develops trom a thickenil"',g near the

blastopore and advances distalJ..y~ B.Y tWed~'-four hours

the yolk mr:ss is corr~pleteljr COYered by extra-embryonic

membranes, tl» neural folds have joined, and the first

signs of optic vesicles are visible in the cephalic

region (Fi'~ure gn).

Second Day

Itr twent~l-eight hours the lens placodes of the eye have

begun to form, twelve somites are present on the boct!,

and the first signs of constrictions of the brain are

notice.9ble. ll1ring the second day small stel1Ete

nelanophores nppee.r over the surface of the yolk sac,

and ~long the ventral surface of the trunk and tail,

which are now freed from the yolk sac. '!he optic cup

and lens placode 1:>ecome clearly defined, and the choroid

fissure gradually closes. The otic vesicle appears, and

a marked constriction develops between the optic and otic

vesicles separating the mesencephalon and rhombencephalon,

while a lesser ccnstriction forms t.o separate the

prosencephalon anteriorly (Figure 9A). B.v tl~ end of

the second day the heart is seen benooth the head and

feeble constrictionsat the rate of about thir'4Y·-two per

rninute may be noted.

Third and Four th Days

lAtrine this period the e..rnbryo continues to grow, priillB.rily

in length, and. the size of the yolk continues to diminish.
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FIGURE 9. LATE EMBRYOLOGICAL STAGES OF
ABU..D.E.EO.U£ ~. A.40 HOURS.
B. 65 HOURS. C. 8 D. 120 HOURS.
I. OTI C VESICLE. 2. HEART. 3. EYE. 4. LOWER JAW.
5. OIL GLOBULE. 6. PECTORAL FIN BUD. 7. TRUNK
CHROMATOPHORE. 8. ANUS.



68

The tail becomes motile. doubles back on itself. and by

the end of the fourth day lies along one side of the

head. Retinal pigment begins to form in the eye by

about sixty-five hours. and the choroid fissure is

reduced to a small ventral indentation (Figure 9B).

The heart enlarges and begil1S strong rhythmical contrac­

tions. 'rhe dorsal aorta, the vitelline artery. and other

vessels of the vitelline plexus become visi b1e and blood

can be observed flowing through them. Most of the

perivitelline space is filled with the rapidly erowing

en:br::;ro by the end of the fourth day.

Fifth Da;'i

lAlring the fifth day the embryo is capable of considerable

nlO'"iement wi thin the chorion. and often rotates so tha.t the

head is at the distal end. A yellow pigmented area becomes

visi b1e during this period, dorsal and slightly anterior

to the yolk sac in the area of the otic vesicle, flf'.d

extending to the dorsal surface of the body. During the

fifth day the embr,yo continues to grow, filliI\'j most of

the l'ernaining perivitelline space (Figure 90 & D). The

tail, which had doubled back earlier, new reaches a point

in the area of the smut, and doubles back again. 'fue

jaws have developed to a point where they display some

motili ty, occasionally opening and closing slowljr. The

mos t noticeable change during the fifth day is in the eyes

which have become solidly pigmented; the retina a jet

black, and th.e iris lias taken on a silver:>' iridescence.
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In add!tion# the eyes have become mobile and are capable

of slight twitching movements. 'the yolk sac has di..'I'inished

to a fraction of its original size and a marked accu...nulation

oi' chramatophores f'Je'lS taken place on its dorsal surface.

The ell1br;"lo still retains the aMIi ty to turn end to end

Within the crowded confines of the chorion, and usually

does so when expQ3ed to a bright light. At four days,

twen ty hours the t1E~art has developed to a point where some

convolution 11.'15 -t.:'lken place, and the r!1te i3 about 150

beats per minute. Blood is visible floWing through vessels

in vnriou5 parts of the vitelline plexus, and in the caudal

artery and vein.

Sixth Pax

HatchinE takes place early on the sixth d1.Y with an average

water temperature of 24.5° c.

S~urce~ of Mortalitx

Excluding occasionlll cases of untimely invasions by large predators,

mortall ty seems to be qui te limi ted in these early stages of rnaomao

development. Most clutches of eggs observed in the vicin."i.ty of Coconut

Island passed through embl"ironic develo:J)'Ilent wi th very little a~rent

mortality, resultir"\.~ in the productton of large numbers of larvae on

hatching. Such was not the case with the elutches attached to concrete

spawning slabs that were removed from parental care and brought into the

laboratory for observation, or placed in the experimental rearing app<'l.ratus.

In most of these cases the mortality was rapid and devastating.

'!he major sources of mortality in the developing ova determined during

trds investigation were:
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(1) Predation

(2) O.xygen deficiency

(3) Invasion by microorganisms

(1) Prodation - A large number of species have been observed devouring

maomao eggs when the guardian maomao was frightened away, or otherwise

re.rnoved from the vicinity of the clutch of eggs it had been proteeting~

These predgtors were primarily wrasses (L"bridae), butterfly fish

(Chaetodontidae), parrot fish (Scaridae), goat fish (Mullidae), and

pomaeentrids, including other llIaomao. Other groups were occasionally

represented among these raiders. Amo:ng the most conspicuously present

predators observed devouring maomao ep,gs in the Kaneohe :':iaY Drea were

the L:1brid, Thalassoma dUp!rre~ (Ouoy & Gaimard), end the 'Juttorfly

fish, Chaetodol} miUari~ ('uoy &. Gaim:~rd).

Further evidence as to the source of predation on ma.omao eggs was

gathered by personnel of the Division or Fish and Game, EbiJ.rd of

Agriculture and Forestr'lJ, of the Territory of HaWaii, during ecolcgical

studies along the Waianae coast of Oahu. During the course of these

investigations in the spring and summer of 1956 a number of species of

fish were collected in the vicinity of extensive maomao nestin.:; areas.

E:x.awin'J tion of the stomach contents of these fishes in Some cases

revealed that they md been feeding heavily on the nearby maomao eggs.

Often the er.,gs were in the stom,'lehs undamaged and could be identified

wi thout much difficulty. Of the fishes in the a:r,~a s:Jl:l1::>lcd, tl'ose of

the families O1aetodontldae and kullidae cOi1tr::lined maC'ITno e.:~es in

various quanti ties - in some cases the stomachs were crammed with these

eggs and little else. '!he chaetodons included Hemitaurichthys zoster

(Bennett), O1aetodon femblii Bennett, £. lunula (laeepede), Q.. miliaris
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Quoy & Gaimard" Q. !:!.nimaculatus m.och" Centropyge potteri (Jordan &

Metz)" and Heniochus 2:£uminatus (Linnaeus). The Mullidae included

MulloidichthYB aurifiamma (Forskal), and PseuduE§neus pleurostigma

(Bennett).

In all observa.tions of nests of maomao eggs in nature, a varying

amount of h.'lrassment from p:>tential predators is eVident, often to the

extent that the guardian fish is constantly rushing back and forth tc

drive off intruders. Just how some species are able to invade these

r;u<'lrded nests to feed extensively on 'I.~he eggs" as their stomach contmts

indicate they dO, is not well unde.rst.ood; ho~er, certain activities

of the guardian fish are such th'1t the nest may be left unprotected for

short periods of time, Hnd thus vulnerable to invasion by predators.

The..-;e activities are discussed in detail in too section on reproductive

behavior. Regardless of hew these eggs are obtained" it must be con­

cluded from observations thus far that they are very attractive as a

supplement to the normal diet of a large m.un.ber of reef fishes.

(2) Ox.ygen def'iciencil; - '!he oxygen requirements of the developing

maomao embryo are such th.:'"lt circumstances resulting in a reduced supply,

especially in the later stages of developn.ent, could contribute substan­

tially to mortality.

The 11terature contains considerable evidence of the increasing

o~'"[;en requirements or developing embryos of fishes. Brachet (1950:

la4, 261:1) discusses the respiratory metabolism of developing embryos

and concludes that variations in oxygen consumption during early cleavage

and later morphogenesis of the embryo are subject to various interpret~jtions

and controversy, although he ac:tnits. "Development is undoubtedly accompanied



by a progressive increase in me tabolism. If Otter \Yorkers, including Ibyd

(l92S), and Philips (1940), have shown a procr8ssive increase of oxygen

uptake in fishes during ernbr,yonie developnent. Utilizing a Wa.rburg

Constant Voltune Respirometer, Alender (unpublished notes) deterf'ined the

ra.te of oXYGen consumption for groups of developing maomao egEs between

what he estimr,ted to be the 10 and 120 hour stages btl.sed on the work of

Shaw (1955) with Abudefduf faxatilis. His results showed an increasing

rate of oxygen consumption wi th developnent, the 120 hour stage sho-,'dng

more than twice the oonsumption of the 10 hour stage.

As previously mentioned, clutches of eggs in advanoed stages of

development th.nt. were remO".red fran the care of a guardian mao.mao to a

nearby rearing 8pplratus where physical condi. tions were almoo t identical

usually experialced high mortality wi thin a short period of ti;;,.e. It

was no t.ed, l-;owcYer, that. :Lf t};cse clutches were in em eHrJ.~' stti.\:~e of

developmc~+ ;'nd s!]b,iectu3 J.. o ::,l}cn a transfer, they sUl'vived for a much

longer period of time. In the light of i ncre!18ing oxyg0Y' reSilJ.iromerl'ts

vdth developm.ent disoussed above, it seamed likely that 0x:Y€:en night be

lliitin;.:; in the case of the more mature embryos, although other r:::;ctors

SUet;' as an increased concentration of met<'1bolites around the eS[; i:mss

may !nvc also contrU:uted to the increased mort-3.li ty.

In a..'1 initial attempt to deterrnine some of the factors contributing

to the mortality of developing maomao eggs, an experiment was set up in

which various numbers of developing eggs at two stares of naturi ty were

incubated in one gallon jars containing filtered sea water. nus

preLiminary experiment involved twelve groups of eggs all incubated under

the same conditions; eight groups at the ten hour st.:'lge, ~md four groups
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at the gO hour stage of developnent. A marked difference was observed

between the mol" tali ty of the eo hour grouPJ and the 10 hour groups,

although there was little difference in the mortality between groups of

the same age. During the first two days of incubation, an average

mortali ty of 69 percent was encountered in tJle eo hour groups, while

the comparable morta1.ii? in t.he 10 b:>ul" groups was only 1 percent; however,

the mortality in the 10 hour groups increased rapidly after the second

day. Unfortunately oxygen deterrrd.n8tions were not made during these

trials, a.nd further incuha,tion experiments were all carried out in a

specially oonstructed rearing apparatus vhich more closely approximated

l1:'3tural conditions. 'lhese results do indicate, however, that some

factor associated with advanced stages of development causes increased

mortality, and in the light of previous observations, including the work

of Alender, Ope cit., this limiting factor is very probably oxygen.

Further evidence of the increasing oJC;Ygen requirements of developing

maomao embryos was observed indirectly in the behavior of the guardian

mao,nao in the process of caring for broodS in na ture. Ihring observations

on tbe three-spined Stickleback, Gasterostc11S f"..tlul~~u.l;,s , Tinbergen (1953)

fO)m"7 t.hn t increased or,reen requirc.:r,:"nts of the developinr:; eggs were

":r~tYl",'r)"nit1d by increased ventilr!tioll os. tho cll1tch by t.he ,-;;.ulrdian male

fi&h, ~md if ef;p;s in an advnnced s·tage of (It'';velop''''~t were replaced by

those in an early stage of developnent, the transfer was i'lCCOf'I'''l.nied by

a decrease in the guardian fa fanning time. Such a hehavioral reaction to

oxygen requirements of developing maomao eggs by the parent guardian was

investigated by means of field observations.

The process of fanning of the egg mass was a deliberate and distinct

activity by the guardian male maomao, and its duration could be easily
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t:Lred and distinguished :rom periods of other rtctivi ty su.ch as picldng at

the nest, feeding, ohasing, etc. A~~:.o "J,U"iaLion ensted in the rate of

movement of the fins durins: fanning depending on the state of excitEluent

of tte fish; however, it ,.,a.s usualljr reL'ltively ool1sumt for a given fish

throughout a. period of observation. Therefore the hypothoois was tested

thB,t the lenr;th of time a gu.ardtan maOIn,ao spent fanning as a percentage

of tre total time observed, was correlated with the staze of develoILlent

of the embryo.

Between April 30" and JulY 25, 1957" observations on fanning were

made in the spawning areas at Coconut Island, and only in C<'ases where

there 'Was no inctl.oation thnt the observer was seen by the fish during the

~riod of observation was too data used, as the guardian's behavior

pattern was greatly Le:cccl nhen tiKi o'b8ar\:~:r was seen. Also, only those

observed. The imposition of the above restrictions lilnited the nu.i':1ber of

valid observations ccmsiderabl;y; however J the data, althoueh limited in

value due to its pauoi~J indicates a constant relationship (see 'Dlble 9).

Estimn tea of the age of various clutches were based on daily records and

accu.'!l.u18.ted data on color changes of' nests at various stages of deVelopment,

and except f'or observations on clutches the age of which was known exactly J

the estim8tes of age are vdthin twelve hours. Only those nests that

contained slngle broods or broods of eta.gas less than twelve hours apart

were considered. '!'he dl)ta as presented in Table 9 8hO\' an increase in

fanning ti.me with the age of the em.bFj'os, and when plotted vdth the ox:/Cen

requirements of maoman ecgs (Figure lO)J a close relationship is evident.

Thus J the data indicate th,>~,t the o:xygen requ,iremerlts of maQrnao eGgs in



T;\BIE 9

RKLi\TIVE TIME SFENT 'BY: GUARDIAN MAOMAO

FANNING EX1GS AT VARIOUS STAO"FS OF DEvm:.o~T

,--------....-----....,...-----r-------------..,.-.,
Irv time Aver. time ! Percentage I

Date Co... lor of Est I\e f~ No. of other ! No.of of total timel
(1957) er,g mass • ,g (sec.) oba. aCt;:;~e8 lobs. spent fanning

'I' I"2 VII Dk. Pink' 10 hrs. 8. a 6 24,.8 4 26.2.
Lt. Pink 22 bra. I

I

----..~---. "-'; ~ ....---.-.--.~.-.-_.- ... T-- ·-·-----·----1
28 VI Lt. Pink 1 day 1 9.4 7 10.S l 6 I 46.5 I

_________~ l. __._~. ~_. .__.~..i.._. .~ , ...l u : i
, ----.-- ---1

" 13 VII i Lt. Pink 1 day 10.1 7 56.6 1 6 15.2 I
i
I

30 IV Lt. Brown 3 days 17.4 7 22.6 7 i 43.5I

17 V Dl<. Gray 3 days 5.2 6 13.2 ! 5 I 28.3,

;;;0 V Lt. Gray 4.5 days 1 16.8 1 6 } 10.0 5
,

62.7" j !
( , i

I

I 25 VII Lt. Gray 5 clays 117.0 3 2.3 3 1 98.0
I I

* A single nest containing two clutches of eggs with sUlges of devel0.l::m<mt twelve hours apart. ....
01
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Figure 10. The percentage of ttme spent by guarding male l~omao in fannin3 clutches of eegs
at various stages of development, and the oxygen consurued per egg, per hour by maomao eggs
during various stages of development. The darkened circles represent the average time spent
tanning as a percentage of_the total time observed, and the open circles represent oxygen
consumed in microliters per egg, 'per hour. (i\fter the unpublished work of Alender, 1956).
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advanced stages of developruent are relatively high, and heavy mortality

m.ay result if the oxygen supply is interrupted at that time. Such

interruptions may occur in cases where the guardian fish is so harassed

by int.ruders in his territory tlk"lt he has little time to vent:Ua~te his

cl1tteh of eg,ra, but it is liot known if' sucb interruptions .<lre sip,nifieant

~.s sourc~s 0f ;"1orv,li t JT in nature.

(3) Invasion of microorganisms - Both bacteria and protozoans I'~lpidly

invaded clutches of developing maomao eggs when they were removed fran

p(!!'ental care" a.nd often whole clutches would be killed within 48 hours

after separD.tion from their guardian. EVen when concrete spawning slaha

contnining attached egg masses were brought into the laboratory and placed

in a tank of circulating sea water, thus insuring an adequate o:xygen

supply, most of the eggs would be infected in a rela.tively short time.

'!hus, invaSion by microorganisms may be a more important source of

./!lortali tv' tha.n oXJTgen depletion, althoUt.1h interaction between these two

sourcos probably exists.

ZoBell (1946: 61) cites a number of workers that point out the

increased numbers of bacteria that occur close to shore in Ilk"'trine

emir0l?:.:C11ts. ZoBell (ibid: 83-85, 193) further rep<.r ts a tremendou.s

inorease in bacteria close to and on solid surfaces that he at.trih'ltes

to the ooncentr2tion of nutrtent material, thg :p:ro~.riEicn of surfaces

for att::'1cbJ';:cnt for sessile btlCte.'·5.U; cend a l'et,~1:'cU.nD of the ctiffusion

of exoellZYL.1eS and part.i<111y digested f'.)()d ; 'N;':'frc;;. such n.rec.s.

Oppenheimer (1955) investigatine the effect of bacteria on developing

fish eggs, reports that eggs incubated in running sea water aocumulated

large numbers of bacteria on their surfaces, and that numerous bacteria

were found on later-etage fish eggs taken at sea. When first infected
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by microorganisms, developing maomao eggs viewed under magnification are

characterized by an al:undance of motile protozoans swarming over the

surface of the egg; penetration of the chorion by microorganisms is

evident. Soon penetration of the chorion takes place, the embryo dies,

and the entire egg becomes opaque. '!he mechanism by which the chorion

is initially penetrated is un.l{nown, although the fact that 65 percent of

all described marine bacteria are proteolytic (Zobell, Ope cit.) suggests

that it is probably due to bacterial action.

Viewed microscopically, infections begin at one or two loci on

maomao egg .rr.a.ss and spread rapidly in all directions. In the center of

il".fected a::re£1S 1'. sreyish slime covering, sometimes containing bright red

blotches, forms aoout 48 hours after the first signs of infection. '!tis

s~Lme, ','!·,ich :ts often ~ssoc:t!')ted w:i.th eer+,,85n t;l'pes of hneteria, ,md is

crv.jr·~ct.c:risticof later stages of these infect1.o1".5, contains only a small

fraction of the protozoans observed in earlier stages of infection. Such

slime areas '1"~ere sampled in four infected clutches of maornao eggs th'?t had

been moved into the laboratory at Cooonut Island, and these samples were

viewed with the aid of a phase contrast microscope. The dorroinant

organisms seen were thin rods and spirogella; some motile cocci were also

observed. No estiIJ:k1.tes of the abundance of these bacteria at various stages

of infeetion of the egg mass was made.

Protozoans found to be more abundant in early stages of infection were

also found in limited numbers in all clutches of maomao eggs e~ned, even

those unier parental care and displaying no signs of infection. Protozoans

are found in the sea in great abundance as is evident from the remains of

those which possess calcareous tests such as spec:tes of Foraminifera, and

therefore they might be expected to be attracted to a rich source of
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organic matter such as a fish ege. Not a great deal of attention has been

directed toward marine protozoans not possessing tests; however, lackey

(1936), in a survey of the Woods Hole area, found from Z1,000 to 135,000

protozoans per 11tar of sea water. A general survey of the marine

protozoans of Kaneohe Bay wa~. not atte.mpted, but samples of eggs were

scraped from recently infected rnaomeo nests around Coconut Island, am

the protozoan popula tion observed. The eggs in these samples were

broken up and. the contents of the perivitelline s~ce of several eggs

heavily infected wi til protozoans were pipetted off. Part of the contents

of ten randomly chosen infected eggs was sampled from each of three

clutehes, and all of the mt:terial drawn off was combined and thoroug,hly

r:dxed. A few drops of tIns combined sample was placed on a clean glass

slide in a ring of miithocel, and a cover slip placed over the preparation.

Four such preparations 'were vie'<ved with the aid of a compound .rrJicroscope

"ny being moved back and forth in a regul..::lr pa ttern on the stage, and the

dominant organisms were counted, sketched, and an attempt was made at

identification. '!he four most frequently observed protozoans nre shown

in Figure 11. Attempts to make permanent prep"'ll"ations of trone organisms

were not successful, and therefore eXBct identificc3tion by sJ.'X3cialists

with these groups was not possible. With the nid of tho ke:'ts of Kudo (1954)

identification was carried as far a.s possible.

Three ciliates and "l;,hree flagellates were observed, as well as a

seventh protozoan, trlouCht to be a. fbgella te ~)ecause its swi.m.ming !ilOtion

was characteristic of this group. Followir.g the eL'lssification of Kudo

(op. cit.), and illustrated in Figure ll, ! and !l fit into the class

!!l8.5t:igophora, and since they seem to lack chromatophores they should be
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Figure 11. 'rhe four most frequently observed protozoans found in random
samples taken from clutches of developing maQUlO eggs. A and B are Zoo­
W!stigina of the class Mistigophore., Q. 18 in the family OxytriCbidae of
the class Ciliata, and Q is an unidentified ciliate.



placed in the subclass Zoanastigina. ! is slightly pointed at the

anterior end, h;'l.s a sj.n,srle flapellum of greater lenr,th than the body I

and the pell:tcle forms six long! tudir..a1 ridges. Although!! wa.s common

in the samples, it could not be satisfactorily examined under high

magnification because of a fDilure to check j.ts rapid S"'"dmminc. 'lhe two

ne-"1r1,y identical nuclei in l! might lead one to believe that it was in

the process of fission; however, this is improbable since all of the

individuals seen hr"ld identical structures. '!he flagellum in !! was never

seen clearly, and therefore its length was not accurately determined.

£. and Q represent the c13ss Ciliata, Which were not as cornmon in these

samples as the flagellates. £. is dorso-ventrally fln ttere d vfith six

oral and five anal cirri, placing it in the order Spirotricha, and

family Oxytrichidae. 11 5.s a blunt cj.liate containine l~rge vacuoles

and a single nucleus, and the swi!!'mng motion is Similar to Un t of

the common ?ar~r:!.9.1JJm. 9ftudntum..

In the four prep'1Y"ltions observed, representing a ranoo"ll s11.mple

of individuals taken from three clutches, ! made up 27 percent of the

total, !l. 23 percent, Q. 21 percent, and Q 14 percent. Each of the three

remaining sp:?cies m.ade u.p about 5 percent of the sample observed.

In summary, predation on developing maomao eggs takes place, and in

some eases whole clutches may be devast.'lted; however, this is believed

to be an uncommon occurrence. Normally, the guardian maomao allows very

little intrusion by predators into its territory, and only when its

position becomes untenable, due to the invasion of such large intruders

as sharks or hUl'llB.ns, has one been observed to aoondon its clutch,

allowing more brazen species a brief period in which to consume the e·-':gs.
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Other sour cas of mortality appear to be due to ox,ygen deficiency and

irnrasion of the developing eggs by microorganisms, especially during later

stages of developnent. An interaction m.ay erlst between these latter

sources of mortali ty, since both the oxygen requirements of the embryos

and the number of microoreanisms increase with time, nnd the greatly

increased populationa of bacteria and prowzoa on the surface of the

eggs may consume enough of the available oxygen to cause suffocation of

the embryos. In an attEmpt to counteract this, the guardian rnaomao

increases ventilation of the clutch during its later stages of developnent.

Estimate of Mortal:iiw

E."lti.mates of mortality of the maomao prior to hatching were made

indirectly by observing na.turallyspawned clutches of ee.,gs at periods

throughout incubation. It was noted that the guardian maomao, while

caring for clutches of eggs in their Ik1tural habitat, llould r>eriodically

inspect the egg mass at close range and occasionally pick off eggs,

which were assuo'n.ed to be dead or unfertilized. Since dead eggs appear

to be too centers from which adjacent eggs are infected, their prompt

removal helps to control the spread of infection. 'lhis picldng of other

than healthy eggs from the nest has been observed in other pomacentrids.

Brader and Coates (1933) point out that with Pomacentrus ~~.!! both

parents may care for the brood, am the fish in attendance will occasionally

piok defective eggs from the clutch. Garnaud (1957) also describes this

activity for Dasgyllus trimaculatus, and he ooncludes that such care is

essential for the survival. of the brood.

In estimating the mortality of developing maomao eggs in nature,
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the irregular bare areas which formerly contained eggs were considered

to have centained e[;[',s which 'were defective am picked off' by the

guardian fish, or consumed by predators. 'Iherefore" the ratio of bare

area. with tm original limits of the egg mass to the to fal area of the

clntch represents mort~lity prior to hatching. On the basis of

observations of over fifty clutches it can be stated that the average

mortali t;y prior to hatching is verry low (some"mat less than 10 percent)

and never exceeded 30 percent.

LAKfAB
~erminologz

In this dis cussion of larval forms o! the maomao the terminology of

Hubbs (191+3) is used t.lu'oughout. Althoueh the newly hatched form in the

maomao is quite unlike the ~.dult" no distinct larval form can be said to

exist, as no abrupt transformation to the adult takes place. RP.,ther

there is merely a gradual change in appearance frcm the newl.Y hntet"ed,

nearly transparent larva of about 2.7 mm. in length to the juvenile of

about 12 mm.. (fork length) which has all of the clk1.racter1s tics of the

ad"lt. '1hereiore, the term "larvae" will be used to define ftll develop-

mental stages cetween the time of hatching until the verti cal bands moe

clearly visible on the body. Hubbs (ibid.) refers to the terns "prolarva"

and "pastlana II as divisions oi the term "la1"'\1'a" before and ·'1f'ter complete

yolk absorption. Since it is difficult to determine exactly when the

yoL~ is completely ahsorbed in this species I these divisions ~'Jill not

be utiliZed in this discussion.

!2.,eseription of lArval Stages

(1) Newly hatched larva (Figure 12A) - '!he newly hatched maomao has

a blunt, opaque lead, and a long transparent body surrounded by a continuous



fin fold. A dorsal constriction dividing the prosencephalon and

mesencephalon is quite pronounced. At least one and sometimes two

stellate chromatophores are fOUnd on the dorsal surface of the fore­

brain i1'1 a region abov'e the anterior border of the eye, and a group

of t.'1ree or more are found on the dor'sal surface of the mesencephalon

above the yolk sac. This arl'angement of chromatophores is very similar

to thnt described far ~;L:l.astes chrorois (= Chrom.;i:s chromis) b.Y De Gaetani

(1932), which is the only other descriptive work on pomacentrid larval

forms in sufficient detail to allow such comparisons.

In this stage I too maomao eye is s till irregular wi th a ventral

indent::ttion m'::tridnrr, tl~ old choroid fissure. '1l'ie otic vesicle is still

vislble posterior and dorsal to the eye, and contains two round ot...oliths.

The yolk sac and visceral organs occupy an ope1.que, trianeular area

wp,!ch has its ap!x just ventral to the posterior border of the otic

vesicle. Most of the surface of the coelom is covered by 8, slIvery,

iridescent membrane,:md its postero-dorsal port.i.on is hea1tilj- pigmented

with chromatophores, with a ft!J'<'l stellate chrOOlatophores scattered C1'iTer

the anterior and ventral regions. Bet"ween n. and 15 well defined

chrOl:latophores are found ref.UL.~"rly spaced along the ventral profile of

the trun.'l<:, extending posterior1.Y to the re~j.on of the fin fold consb-io­

ti-on. 'lhis row of chrom.."ltophores proved of value in the ident:i.ilc.'ltion

of early L1.rval stages of the maomao (up throuf,h the age of 5 days)

obtained from plankton hauls. The averse€) tot..'1l length of the n8Y'ly

hatched larvae is 2.7 mIT,.

(2) Three da~Ts after hatching (Fi~ure I2B) - LtJ three d'l,jrs the

larva has increased in length to an average of 3.1 rnm.lJ and the cephaJ.ic



CC
....1-,,.... "

,
ys

qv,,

,
pf I

tc

A. NEWLY HATCHED LARVA

,
a

"pf I
tc

B. THREE DAY STAGE

C. FIVE DAY STAGE MM.

Figure 12.
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Early larval st.ages of Abudefduf abdominal1s. A. Newly hatch­
B. Three days after hatching. C. Five days after hatching.

8, anus; br, branchiostegals; cc, cephalic chromatophores; is, iridescent
spot; ov, otic vesicle; pf, pectoral fin; tc, trunk chramatophores; vf,
ventral fins; ys, yolk sac.
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region has deepened considerably. The concentration of chro.matophares

has increased on tl'e dorsal mesenoephalon, and some have apr:eared above

the apex of the triangular coelomic a.rea in the region of the otic

vesicle. Other details have not greatly changed.

(3) Five days after Mtching (Figure 120) - On the fifth day tl'e

average length is 3.5 mm. The general appearance of the L"irva is about

the same. except that the oephalic region has become more elon~ate.

First indications of ray formation in the region of the spinous dorsal

and caudal fins are seen. and the oaudal fin has beoome more trunCc'lte

and jagged. '.the operculum is more clearly defined. beneath whioh the

ends of the branohiostegals are visible. The primordial ventral fins

are first visible at this time. Although the posterior coelomic C<"lvity

is still surrourrled by a silvery membrane, the overgrowth of body

musculature and surfaoe pigmentation gradually conceals it. A more

superficial silvery-iridescent spot becomes perceptible on the surface

of the operoulum just anterior to the base of the peotoral fin. This

spot persists throughout the remaining larval stages.

(1+) Eight days after hatching (FiGure 13A) - Probably the greatest

change in the general appearance of maomao larvae takes place between

the five and eight day stages. The average length has only increased to

4.8 mm.; however, there is a marked increase in depth, and the fin regions

become more clearly defined. Four elements of the spinous dorsal fin are

visible, and the faint outline of rays are seen in the soft dorsal, caudal,

and. anal fin regions. '!he most striking developnent in this st.-'li!,e is

that of the ventral fins which are bright yellow with sCc'lttered black

blotches. These bright structures Ine"lke this lnrval stage visible
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Figure 13. Intermediate larval stages of Abudefduf abdominal1s.
A. Eight days after hatching. B. Eleven days after hatching.

a, anus; 00, superficial chrolIf3.tic bodies; h, elements of the hypul"81;
is, iridescent spot; po, preopercle; ad, spinous dorsal; vf, Tsntl"8l fina.
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macroscopiea1lJr, whereas it was only seen previously with some difficulty

and primarily because of the pil')l1ented eyes. '!he fonnation of groups of

diffuse chromatic bodies has begun just ventral of the spinous dorsal fin,

and this area. eventually expands to cover the entire surface of the trunk.

'!'he still transparent trunk shows the outlines of its characteristic

musculature. In the caudal region, the extremity of the vertebral column

shcms a slight upturn, and the first elements of the h;ypural have begun

to differentiate. '!he iridescent spot on the operculum has increased in

size and now contains some stellate chromatophores.

(5) Eleventh day after hatching (Figure 13B) - Growth in depth and

length has continued and at this time the average len: th is 6.5 rom. The

fins have become completely separate and defined, and the full nu.rn.ber of

spines and rays have formed. The spinous dorsal fin has taken on the

bright yellow coloration noted in the ventral fins, and is covered with

irregular black blotches. '!he ventral fins have continued to grow,

becaning greatly out of propcrtion to the rest of the botty as comrared

to their relative size in the adult maomao. '!he area of superficial

chromatic bodies has extended pee teriorly and ventrall.v from the region

of the hindbrain, and now covers about one-third of the surface of the

trunk. The eye has enlarged and become more rounded. Serrations on the

preopercle have become evident, and the iridescent spot on the operculum

has become relative~ larger.

(6) 'thirteen days after hatching (Figure 14) - By this time the

larva averages about 8 rom. in length and has taken on the general shape

and proportions of the adult maomao with the exception of the enlarged

ventral fins. '!he body is covered with superficial chromaUc bodies

e;.::cept for the snout, lowor jaw, and region of the caudal peduncle,



3 MM.

Figure 14. An advanced larval stage of Abudefduf abdominalis t thirteen
days atter hatching.

h t hypul"8l; iS t iridescent spot; nat naeal aperture; POt preopercle; vt~

Tentl"81 tins.
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Figure 1'. A4'fflnced 16"!U and 8Eil'lYJu-renne .~ae. or A:b\l~.taut
<\ .. JJ211.~ ooUeoted at thw ~ Point. 00 nut Iltlanc1. e:. photo-

IJ6PlLe4 lPJ,d...pttlaattoa..
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801though no vertioal bands are yet seen. '!he hypural fan is clearly

visible as the <bminant bony structure in the caudal region, and the

caudal fin ha,s assumed a distinct forked outline. In the cephalic

region t~ nasal apertures are visible with proper lightin'!, as are

structures in the jaws. !he iridescent area on the operculum has taken

on a reddish hue and is less conspicuous.

At approximately 12 rom. fork length (at an age of about 20 days)

the maomao larvae begin to display the vertical bands of the adult, and

are con."Jidered in the category of juveniles.

Growth

Estimates of tM growth rate of maomao larvae are based entirely on

measurements of samples taken from the rearing apparatus at Coconut Island,

in which conditions were very close to those found in nature. 'lhase

data are presented in Figure 16, showing a growth from about '.-~. '7 rom,. at

hatching to an average total length of 10 rom. in 17 days. Sj.nce a primary

concern of the rearing experiments was to obtain an estimate of surVival,

onl.v9. fewspeci:nens were utilized for the purpose of measurerttent and

description. Natural1.Y the h tel' stages of developnent (beyond eight

days) were sampled less frer;uen'tJ.y th.9n the younger stages, since the

:w. tel' stages had fevier numbers, and therefore their loss would be more

critical to esti.I!l!'3tes of survival. From the tV'fenty-four individuals

measured between one and seventeen days after· ha tehing ~ an average growth

rate of 0.h3 mm. per dtl;] was obtained, which is in close agreer1ent with

the average growth rate obtained for reared juvenile maomao (0.44 m'n.

per day).

Behavior

Knowledge of the behavior of larval xnaomao was obtained primarily
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from observations of broocb ha tched and confined to the rearing

apparatus and aquaria at Cooonut Island. On the 16th day of May, 1957,

observations were made em approximately 1,000 reeen~y hatched laI"'lae

(less than 24 hours old) held in the rearip.g apparatus which was located

in the Tuna Pond spawning area (see Figure 1). During t..ru.s observation

period or about thirty .minutes I the sun was obscured by the clouds, and

the water was comparatively clear. The larvae were distributed more or

less evenly in the inner net of the apparatus, and seEl!l.ed to be rather

inactive. O~ occasionally would individual larvae swim. in short

darting movements of about two or three mm. by means of a rapid

fluttering of the caudal fin. No distinct vertical or 'horizontal

migrations were noted. '!he larvae remained at least 6 to $ mm. away

from. the net at all t.imes, and no attempts were observed to feed on

particles on the net or to escape through mesh openings.

Further observations were made on day old larvae on August 7, 1957,

when the sun shone brightly throughout the period of obserwation. Larvae

were distributed throughout the enclosure; however, the concentration in

the upper half was visibly greater than too.t in the lower half, indicating

a possible phototaxic response. '!he svr.imm~ng action of these larvae was

rather slow, and in one general direction by a given larva, but the

group showed no concerted mOVeID.ent in aqy one direction. Individuals

would swim by means of a rapid fluttering of the tail, changing direction

slightly about every second. 'Ihey 'Would approach the net, but would

turn when a few millimeters away from it. Occasionally a L'1rva would

make a rapid dart of about 10 nun. as though it received a definite stimulus

from an object nearby; hQ'fEwer, no direct evidence of feeding was observed.



'Ibree day old maomao larvae were observed in a 1.3.5 gallon, glass­

sided aqua:l'ium located in the main 1abor,9.tory buildtl\'!,. 'lhis aquarium

was situated so that one side was against the waJ~ and all of the light

entered from the opposite end and ire':T, the top. In thjs case a positive

phototaxis Vias quite evident, as practically all of the forty to fifty

fish in the aquarium. were congregl',red against the gln.ss side faciI".g the

light and on the surface.

l{aomao larvae eight daJ1'S old, observed in the rearing Eet, differed

from the younger ll':lrvae in that they were much more active in their

swi.rr.ming, t'\nd swam in one direction for a longer period of t:L",e, rather

thcl,n in short, jerky lYlOVements. The prirrary visible mode ot propulsion

was still by f"lutterlng of the caudal tin.

In additJ.on to these observations on captive fish, an atternpt was

also made to obt.un some information on the behavior of maomao larvae

in their natural hab:ttat. In this rega.rd, an investigatj.on was under­

ta.l<:en a:iJned at determining the 'wherea.bouts of the larvae from the time

they hatclEd until they appeared in sheltered, inshore locations such

as tide pools and lagoo1"..8. As a prellmirulry step to check on the

possible m,igration of larvae, a serles of weekly plankton hauls was

ir.augurated on the first of February 1954, at two locations near

Cooonut Island (see Figure 1). '!'hese stations were originally designed

to E1easure the amount of lnrvaJ. rrigration away from the reef into deeper

water; havever. at th3t tinJe too little was known of the maO:1k'1O spawpj.ng

are,'3.S and current patterns, resulting in a poor choice of locations

for these stations. Stq.t.ion It1 was located between the gate of the

'Ihna Pond, and a point d1.rectJ.y oft of the nearby Wooden dock, a distance

92
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of a.bout 40 yards through a known maomao nesting area. prinlarily subject

to tidal currents only. Station #2 was parallel to, and about 30 ~·ards

north of the windWard North Reef Platform on Coconut Island, and

exterrled over an est:iJnated distance ot 200 yards. Tows were made vd.th

a one-quarter meter. #6 silk plankton net (74 .meshes to the inch),

towed from three to five feet beneath the surface at a speed of

approximately two knots. The number of fish larvae taken throughout

the year in these plankton hauls is summarized in Table 10.

'lhe largest maomao larva ta1<:en in these hauls was fou.r .mi1l:iJneters

in lenth, and therefore estw-:lted to be about seven da:rs old (see

Figure 16). From previous observn.tions on the behavior of larv8e of

this age ani youMer it m.i.ght be eoncl.udad that they have very lirnited

powers of loeom.otion· and are probably largely at the mercy of prevailing

currents. Therefore, l;:trvae taken at Station #2 !lU\y well have been

spawned to the north-east (wind.'nard) of Cocomt Island. and thus not

associated in any way with Coconut Island spawnings. Since the

smallest larva found in a protocted inghore area (Southwest Point,

Co00nut Island) was 6.5 rom., it might be concluded that larvae between

the lenp,ths of L. to 6.5 w.m. (age about 7 to 11 days) acquire sufficient

powers of locomoti.on to elude the pla.nkton nets used in these hauls,

and possibly also undertake a purposeful migration into shallow water.

Thus the data presented in Table 10 is primarily of value in

demonstrating that a general lncrea.se in ablndance of' mS.omao larvae

(as well as all other fish larvae) occurs during April, May, June, and

Jul,v in Kaneohe &y. 'Ihis is in general agreement with the n.,1.ture of

maom.ao spawning cycle as determined from other sources discussed in
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TABLE 10

~'ISH LARVAE FROM PLANl<TON HAUl,s A'r COCONUT ISLAND

;-'--_...-....._""'....""_-............,~'-....."'--'---..-....,_...._........__.,,_........_'.,---~-~_ ..._-,- ....,-_......,"--.~~_ ...._..-
'rotaJ.

,
TotaJ. Total

No. of Fish ' Fish Haomao
Hauls Larvae ' Larvae Larvae

Month sta. 1 , Sta. 1* sta. 1&2 sta. 1&2
".,>.

(1954)

February 11 (0) 3 6 (1) 17 1

Harch 4 7 (0) 3 4 (0) 11 0

April .2 10 (.2) 3 .3) (0) 4D .2

Hay 5 31 (0) 5 43 (4) 74 4

June 4 17 (0) 4 16 (.2) 33 .2

July 3 6 (0) 5 .25 (3) 31 3

August 3 0 3 16 (0) 16 0

September 4 1 (0) 4 16 (0) 17 0

October 6 1 (0) .2 9 (1) 10 1

November 3 .2 (0) 3 7 (0) 9 0

December 5 .2 CO) 5 8 (0) 10 0

(1955)

January 4 15 (0) 4 .26 CO) 41 0
...._._..._.~. ,~._., .,...~""_ ...<_........ ~...e.'

*Number of maomao larvae in brackets.
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tJ:le section on reproduction.

'!he only o1:servations on tha behavior of maomao larvae in nature

are from those seen along the concrete retaining wall at Southwest Fbint,

Cooonut Island. A record of the number of larvae observed in this area

beween April 1, and August 1" 1957, is presented in Figure 6, along

'wi th observations of spnmines in tre same area; however, relationships

between the number of larvae, the spawnings, and/or the phases of the

moon appear inconclusive :from these data.

All of' the larvae seen along the concrete retaining wall of

Southwest Point were mot:lonJ.ess, or nearly so, and all were wi.thin

twelve inches of the wall, and a few inches of the water's surface.

These larvae seemed to derive some natural protection f'rom their small

size and their drab coloration which was very similar to the nearby

substrate. In addition, their still transparent snout and caudal area

presented a visible profile quite unlike a fish, and very similar to

f'rag,ments of algae and terrestrial debris commonly seen in the water

close to shore. llaanao larvae were never observed within the branches

of' the coral F:ori tes £9rnpressa that is abundant in the area and commonly

shelters the young of' the pomacentrid Daseyllu!., albisella.

'!hus, a positive phototaxis is incti.cated in macmao larvae up to

three days atter ha.tehing when a strong light differential exists. 'lhe

larvae are appqrentJ..y planktonic and incapable of extensive w..:igrations

until seven to eleven days after hatching, at which time they move into

shallow water along the shore.

Larval Survival

A number of laboratory experiments have been cn.rried out with groups
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of insects, protozoans, and other animals in order to gather information

on the characteristics of populations under various conditions in regards

to early mortal:I.~. Andrewartha and Birch (1954), and Alee, et. al.

(1949) have sUJl.Jl1arized muoh of this work. '!he findings presented are

valuable in that they tell us what we might expect under certain conditions

in mture; however, it is extremely difficult to actually confirm. such

findings with an entire population in nature, and usually we must be

satisfied with inferences about Th.'ltural populations from smx."ll random

samples obtained under variable conditions. During this investigation

the unique opportunity presented itself of directJ...y- observing an entire

brood of l::'l.rval msow..ao that had hatcmd from a single clutch of eggs

pL'1ced in the rearing apparatus described in ApPendix A. Although the

environment was altered slightl..v by the confining net of the apparatus

(at least by its exclusion of ]arge predators), it was considered that

MOBt of the conditions within the appriratus were identical to those in

the aurround5.. n,.g water from 'which the broods had been taken. Therefore,

at least two important ch,)racteristics could be deterrrJined for such

croods that :)re seldom known directly for nn tural por,ula tiona; namely

(n) their age, and (b) survival at various ages.

In order to deteI"rr!,ine the survival of larvae at various ages a

method of counting the individual L'1rvae was devised and proved reliable

when the brood size did not ex.eeed three hundred. Counts were made by

an observer wearing a diving mask while leaning aver the side of the

re.:1.ring net" with his face beneath the surface of the water in the net

containing the larvae. ihe net was visually divided into sections and

all of too l~trvae of each section were counted. '.this was faalli tated
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by the fact that the younger stages (which were the most numerous) did

not nove a great deal during the short period necessary for the count.

Three counts 'vlere .made during each observation period, and ?n avera.ge

for th.1.t period was determined. Every effort was made to be objective

in this counting procedure. Each count was recorded separateJ..,v, and

no reference was made to any previous counts until the entire experirn.ent

was completed. As a check on this counting method, an explafu'\tion of

the procedure was given to a fellow worker at the laboratory,mo. he

proceeded to count the larvae, resulting in a corroboration of the

results previously obtained. When numbers of three hundred or more were

encountered, it was not poSSible to count individuals as accurately and

t,"erefore another method of estimp t.:Lng brood size was uti]ized. '\s the

der.si ty of L'lrvae was fairly uniform over large portions of the contmr:er,

the area occupied by twenty-five individuals was estilnnted end tius was

divided into the entire area with the SaJ11e larval densit;)'. This n:ethod

gave fairly uniform results on repeated triaL'S, and the aceurac~' of

tOOr3C lar[~e counts is estim-::ted to be plus or minus ten percent.

In the period from May 5, to the end of SeptOOlber 1957, ei,:ht clutches

of lY1l0maO eggs were pL'1ced in the rearing apparatus at Coconut Island.

Of these, five broods wore successfully hatched and reared, at least for

a fow d~7S, during V/llich tiine they were counted at in'ervals, and the

nu.m1Jer of larvae surviving each day was recorded. 'lhese data are

p,nesented in Table ll. In order to better visualize the mortality of

the incliyidual maomao broods, the log of the number of survivors from

each of tr.te five broods was plotted separately against their 'lge in

days in Figure 17.
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'I'ABLE 11

SURVIVAL O:F' LAil.V.AL HAONAO FROl1 REARING
TRIALS IN AP?luTtAI'US AT COCONUT ISLAND

•. , ..•._ '. .. _. '~,H",,~,,_

Percentage
of Survivors

at Beginning of
Age Ave. No. Previous Day

.. ~I)~~ ~I.'tlYRr~ ~JB~,R~~@rg
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5 V 57 1 .At Hatching 45
10 V 57 1 5 7 15,,5
13 V 57 1 8 3 42,,9
14 V 57 1 9 2 66.7
16 V 57 1 11 1(2) 100,,0
23 V 57 1 18 1(2) 100,,0

• __••• ,_ •••_", 0'- '.

15 V 57 2 At Hatching 1000+(1)
23 V 57 2 8 2

11 VI 57 3 At Hatching (1 )
Hi VI 57 .3 7 6
19 VI 57 3 8 6 100.0
20 VI 57 .3 9 6 100.0
21 VI 57 .3 10 6 100.0
24 VI 57 3 13 5(6) 100.0
29 VI 57 3 18 5(6 ) 100.0

20 VI 57 5 At Ha.tching ~O-l\' ...
21 VI 57 5 1 3)0* 100.0
24 VI 57 5 4 3) 10.0
28 VI 57 5 8 4 13.3

18 VII 57 7 1 110
20 VII 57 7 3 51 4£.4
22 VII 57 7 5 31 60.8
24 VII 57 7 7 0 0

..

6 VIII 57! 8 At Hatching 400*
'7 VIII 57 8 1 375* 93.8
8 VIII 57 8 2 35()'l~ 93.3
9 VIII 57 8 3 325* 92.9

10 VIII 57 8 4 43 13.2
11 VIII 57! 8 5 10 23.3
12 VIII 57: 8 6 8 80.0
13 VIII 57 8 7 8 100.0
14 VIII 57 8 8 5 62.5
15 VIII 57' 8 9 5 100.0
16 VIII 57: 8 10 4 80.0
17 VIII 57: 8 11 0 0

From slab at U-2

1 removed

From slab at M-l.
Data not used due
to uncertaint,y of
initial count.

From slab at N

One removed

*1 10;~

From slab at C

From slab at P

*! 10%
From slab at H-2
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Figure 17. The log of the number of survivors from five broods of maomao
larvae plotted against their age in days. Brood ~TO. 7 had no survivors on
the 7th day, and brood No. 8 had no su:rvivors on the 11th day.
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It became apparent that these data. on the survival of larval mBO.I!lBO

could be adapted for representation in a "Life Table" as described by

Deevey (1947) (see also fublin and lDtka, 1936; Pearl, 1940; and Allee,

Emerson, at. al., 1949). Such a table deseribes something ot the

mortal.i~ relationships within a pop1lation when the age of individuals

or components are taken into consideration. These maomao data apP3ar to

fit into the second category of Deevey (OPe cit., p. 288), i.e., "cases

where the survival (1 ) of a large cohort (born more or less simultaneously)
x

is followed at fairly close interva.ls throughout its existence. It

'!be combined data collected during tte larval rearine trials were not

immediately applicable to a life table because of the irrer,;ularity with

which martY of the observations were made. 'lherefore certain calculations

were carried out in order to construct an average curve of survival for

the five broods observed. First, the number of survivors at the

beginning of each day was expressed as a percentage of the previous day's

total (Chlumn 3, Table 12). '!bese percentages were averaged separately

for each day atter h.:"ltchine, and then applied to a hyp>thetical

population of 100, resulting in an average curve of surviVal, represented

by the solid line in Figure 18 as the average 1'3 rcentage of larvae

surviving. These data, when applied to an in!tiel population of one

thousand, result in an est:lmate of the nwnber of individuals living at

the begi.nning of an age interval" or 1 in the "Life Table" ('fuble 13).
x

In this table" d , or the number of larvae dying within a given agex
interval is deterwined directly from too number of individuals living

at the beginning of the age interval since no recruit."lltmt takes place.

Finally, the rate of mortality, or <1x in Table 13, is equal to the
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TABLE 12

AVERAGE NUHBER Oli' l<1AOV1.AO 1A,.QVAE SURVIVING AS
A PERCEN'fAGE OF 'f011AL SlJRVIVORS OF' PREVIOuS DAY

Age
In Days

Hatching

1

2

'3

4

5

6

7

8

9

10

11

Number
of B:roods
Averaged

2

1

2

2

'3

1

3

4

'3

2

1

Average Percentage
of Previous Day's

Survivors
Surv:tving

100.0

80.0

83.3

54.7

88.9

90.0

75.0

Aver. PercentaE6 of
Initial Population
SurviVing at Begin­
ning of Each Day

100.0

90.4

63.0

7.3

0.9

0.7

0.5



TABLE 13

LH"'E TABIJE COl'1pnED liROi''I AVEB.AGE PERCENTAGE }i[AOHAO LARVAE
SURVIVING OF FIVE BROODS Fo...l:f. AN INITIAl., POPULA'l'IOH OF ONE 'fHOUSAND

r1ortali"bJ Rate
No. Living at No. Dying Per 1000 at
Beginning of In Interval Beginning of

Age in Days Age Interval of 1000 Born Age Interval
x 1x dx 1000 <h:*

0-1 1000 31 31

1 - 2 969 65 67

2 - .3 904 274 303

.3 - 4 630 557 H84

4- 5 73 49 671

5 - 6 24 5 208

6 - 7 19 3 158

'7 - 8 16 7 438

(3 - 9 9 1 111

9 - 10 S 1 125

10 - 11 7 2 285

dx
*'be ==-

l x

102
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number of larvae dying in an age interval di.vided by the number of

survivors at the begiru1ing or th:lt interval. 'Ibis average mortality

rate for the five broods of maomao larvae up to the age of eleven days

is represented by the broken line in Figure 18.

:':.ecause of the llmita-t.!ons imposed on these rearing trials by the

shortage of apparatuslit was necessary to limit their duration to less

than two weekS. Ho-.vever, tt~se trials \"lere ot surfioient time to show

the period of high initial mortality, with a relativel;,I! constant

mortality for the f~ survivors.

Discussion

It is evident from the3e data that heavy mortality takes place in

this species during the second a.nd third day after hatching, indicating

a "critical period" at this stage of development in the maomao. Since

the nature and even the very existence of such a "critical period" in

the life history of fishes has been the subject of considerable discussion

reeently, this phase of the investigation was the object of p3.rM.cula.r

attention and appears to warrant a more detailed discussion.

Fabre-Domergue and Biatrix (1897) observed high mortality at about

the time the yolk sac was absorbed in attempting to rear marine fish,

and they were the first to apply the term "critical period ll to this

particular phenomenon. Hjort (1914) considered tha IJUccesa of an early

stage of development to be of sufficient importance to actually detennine

the success of a year cl.a.ss, although he did not have a great deal of

evidence on which. to base this hypothesis. He later expanded this

hypothesis (Hjort, 1926) and stated that those larvae which did not find

the sp!cial food they required at the very moment of hatching would die
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of htmger. 'lherefore a successful year class depended on the proper

food supply being coincident in roth space and time 'with the hatching

of the larvae. 'Ibis concept has been generally accepted by ma!W'

biologists since its proposa.l, but recently it has been subject to a

critical review by Marr (1956) who points out that only two workers

have presented any evidence in its support. Marr (ibid.) reviews the

work of Sette (1~~3) on the Atlantic mackerel (Scombe.r sqombrus) of

North America, and the work dealing with the Pacific sardine (~rdinoE!

caerulea) by Sette and Ahlstrom (194tn, am Ahlstrom (1954)" Sette

(op. eit., Figure l7)shows a. marked increase in the rate of mortality

at about forty days for the AUantic mackerel, although a recent re­

ex.ard.nation of his data indicates tr12 t this IT':ay be closer to thirty

da,ys. '!he work on Sard:i.noe c.aerulea is the only one exardned by Marl'

th:'lt shows a critical ste-,ge in the early l:'rval life; a sharp drop in

the number of survivors occurs in the first five ooys, or until the

larvae are about 3.25 rom. long. However, on re-examination of these

data, an artifact was iIldicated, since many of the smallest larvae are

lost through the meshes of the plankton net. Therefore neither case

examined shows conclusive evidence of a critical period during larval

development, and M:arr (oP. cit.) conc1udes that the question, r'Is there

a critical period in nntlU"e in the early life history of £l:'r:1.ne fishes? II

cannot be answered cate,!,orically. The weight of the little evidence that

exists points to survival at a constant rate or constantly :l.ncreasine

rate rather than toward a period of hiGh mortality at some pd"iod in the

early life history.. He dons propose, h~.;ever, th1t if mortality is

severely restricted in time, the chances that it would be observed 'would
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be greatl." reduced, and conversely, a. mortality rate without marked

fluctuations in time would be more readil..v observed. Apparently Marris

discussion is aimed not so much toward the acceptance of a pa.rticular

alternate hypothesis as it is toward conjecture regarding the va~iditj"

of the present "critie,~l period ll hypothesis, in the hope this will lead

to further stu<tr of the question.

Another discussion of this concept of the critical period is presented

by Morris (1956) in whie.h he examines the problem as eneomltered in the

reari.ng of marine fishes in the laboratory. He points out that it is

the ratmr sudden exhaustion of the yolk supply a.nd d.ependence of the

L'lrvae on its surroundirtg environment for food th,'3.t has led many workers

to conclude that it is the absence or presence of the proper food

aV8.::ilable to the larvae th"'lt is t,he deciding faot.or for :~urvj.val during

t 1,;is "critical period". rut during the period of transition from complete

yolk aac absorption to external feeding, a marked orr:anogenesis also

tpJ:es place involving the circuulwry, nervous, respiratory, digestive,

and. excr""tory systems. Therefore the critical period is an interval of

tiMe differing a,ccordi'-',,: to srecies, in which the adequacy of a n1.l'nber

of different organs must. he da'rlonstrated if the individual is to survive.

Th1.s orr:anogenesis must have progressed to a point such that the larvae

cnn earr,v on <?.Il irdependent exlstence by the tirne the yolk is exhaus'bed.

The data thus far presented point to R critical period in the early

1~u'v3l life of the maomao, occurr1nr; dl)rin.~ the second and third day after

hllte.'l1ing. 'n-d:~ period is the sl.'une in all 1 roods observed, and is 1'e1a­

tiveJs restricted in t.tlne, wh.i.ch conforms to one of the alternate

sug-,:estiom of lhrr (op. cit.). Althoueh the exact tir.1C of yo:L~



absorption and the various stages of organogenesis were not deterrdned

for the se maomao larvae, the yolk sac was no longer visible on the

second day after hatehing; its er..haustion coinciding w:tth this period

of maximum mortality. '!he question therefore arises as to whether this

critical r.eriod demonstrated in the maomao rearing trials is a valid

renection of what takes place in the unaltered natural environment,

and, if so, what factors contribute to it.

In order to answer tbis question satisfactorily, environmental

factors encountered within the rearing apparatus will be examined in

detail, and the significance of their devia tions from those in the

surrounding natural environment discussed in regard to the effect they

have on larval mortality. ihese factors are discussed separately,

although they are probably subject to considerable interaction, ani

various factors no doubt combine to affect the well-being of the larvae

under certain circumstances.

(a) Temperature - After numerous observations on larval ffi,!1rine

fishes, Yorris (1956) concludes that temperature proved to be the most

influential of the physical factors upon the rates and modes of

developnent of fishes he reared in the laboratory, and he attributes

much of the inexplicable mortality encountered to temperature

fluctuations. Although records were not kept of the water tenperature

within the apparatus during these maomao rearing trials, a free circula­

tion of water took place through the nets in both a horizonta.l and

vertical manner, and there is no reason to believe that the temperature

't1'dthin the nets differed significantly from that of the surrounding watar.

A continuously recording thermograph is located within about 150 yards of
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the rearing app':l.ratus (see Figure 1) and records during the rearing

trials revealed that surfa ce ternperatures rarl[~cd between 22.2° and

27.0° C. with a mean of approrlJlk1.tely 2t;f C. No rapid temperature

chAnges (more than 10 C. in 12 hours) were noted dUl"lng this period,

and no unusual fluctuations were coincident with periods of high larval

mortalit:}'_ Thus unnatural temperatures were not imposed on larvae by

the appe"iratus and high mortality could not be attributed directly to

temperature variations.

(b) Light - During renring of the first three broods of maornao

larvae natural light entering the inner rearing net of the apP'.ratus

W[{S not f~reatly altered, except at certain periods during the day when

the shadows of a nearb;r hridge fell across tJl.e apparatus. Another

source of light not experienced in l1'lture was the reflection of liGht

from the brownish-yellow net makip..g up the inner nclJl of the rearing

aPraratus.

During the time that t.~e third brood was being reared, trouble was

e~rienced from two species of fish from the surroundine water because

of their ,jumping into the outer net of the rearing apparatus. 'lhese

fishes were the small HIno ll (Pranesus inaularum (Jordan & l1\ren.,'·llann»,

which "'lOuld leap into the air when being pursued by predators, and the

needle fish, Strongylura indica (Le Sueur), l'lmch would occasionally

le.:1.p into the net. For this reason it was necessary to construct a

fiber-glass screen cover over the entire applratua, Which reduced the

li'7ht entering the center net considerably_This reduction of li.·~ht in

the rearin-:, chamber may have affected the feeding efficiency of the

larvae, as well as the distribution and abundance of food therein. It

loa



has been not.ed thp,t posit:'Lvel:' phototarlc crab zoos., which are known to

be fed on by mtlOm.~o larvae, are abundant at certain ti710S j.n plan.1tton

hrl'1J.S taken in this aran, and d'u":l.ng p(~riods when the proper angle of

::.ncidence of sunl:tght wa,s eneoUl1tered on the surface of the wnter wi thin

t~)e rearint: iJppar1.tuG, these org:anisms cou~d be seen swarming near t,he

Su'l':ltlce. fl reduction of light, would probabl.Y affect the distr1.bution of

theM forms '/iithin the net, and might reduce their total number. '!he
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data do not indicate ..,?"t.,.
.•.. '......... , '":~arked ch.'3.nge in the co~parative success of

broods reared before ,:md after the cover 1'1,18 placed on the app<>ratu8,

cmd ·l:,."le critical period of 'r'..axim1.ll'!1 mort.:1Ut:! in question tnok the same

!~enera1 form in all of the hroeds. Tho::refore, neither the 'TJ)3ntity nor

the qunlit;{ o.r Ijs~ht W,2S considered a signific,'mt fnetor in earl;y

larval mort'11it:', r1.1though some lJ.nnJturnl condH:ions '.'lere irnposed on

the la:rvae in this regard.

(0) SnlinitJT - 'lhe d'1ta from two previous investigations in the

'funa Pond ~retl. nt Coconut Island 3h0\"1 trr; t v "lTiCl. t~ ons :in the chJ..orinity

of srtrface ~'L3t..En1s wa.s not f?,reat dur:1.ll;:r the srm."'ler months. Tseu (1953,

Fi,::;. 10) has plotted the ch1orj.nltJ' and rainfall from thj.s ~rea from

F'ehrunr:;r ~ 1%9, to February, 1951, and Tester et.• al. (1955, Fi-llre 1)

he\S recorded chlorini t.i~s from September, 1952 to <Tune~ 1953. In both

c')ses the chlori.nit;:r records for t.he months of low rain.f",J~ (Ma3' through

t'.U(;ust) show less than 0.5 %0 variation. Rainfall appe:n'sLo be the

1':',a,ior cause of fluctuations 1.n chlorin:i.ty in this area) nnd the average

monthly 1"0 infrll far th e months during th e rear'in:os trinls (Ma.y through

AU;-:;ust) 1957) was 1.4g inches at Coconut Isl.:md. In M:'\y and ,Tune over

half of the month.1y totnl fell on one da,y, and in ),"18.Ltl'\cr C<J.se did heavy
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rainfall coincide with the time of ma:ximum. larval mortali ty• Since

circulation throu.rrh the reAring rets w~s rel::ltivelJT unhindered, there

is no reason to expect tm t brv8.e 'gould be restricted to a salinity

different from tMt found In t11e:lr '.ld.jacont n.atural environment. 'lhus

the slight var1PtionB in s8ltnit~ encountered (based on rainfall and

previous studies) di.d not appear to affect br'lal IJ.ortalit:7 significantly.

(d) 0J<:Ygen - Since tho metabolic rec1uire!::J.ents of the ma.JIiLaO larvae

are not known, it wa.s not possible to determine if the oJIY~en supply in

the surface waters In tM s-"rea was a<'tequate. A diurnal variation in

the oXVsen content of shallow waters does occur, and it can nttain

considera.ble magnitude under certain conditions, e.g., around coral

reefs containing large nu."!1hers o.f li.v!l:.r: organisms (Theu, Ope cit.;

Kohn and Helfrich, 1957). ':the nets of t 1,e rearlrl£ arTnratus also supply

surfa.ces on which ffi!1r:Lne o!'c;::misms of roarv t;'lpes, includLng nW"iLerCUS

hact.eria, settle, producing additional competition for existing o:xygen.

If a restrict.ed supply of ox:,:,,,:en should coincide with a critical period

in the development of the respiratory end circul:.ltory systems, as

sUtr,<:>:ested by Morris (op. c:tt., p. 51, et. seq.), as when IJ.riTae are

trnnsforminp; from dependence 011 \fitcUine and caudal circulation to

branchial circnJE.tion, ~v~rj.ous n'ortalit;/ could result. '.llLUS, i.i critical

stage in the maQrlaO 1-::u~T?l develop-,i,ant ':;].'ly he associated rJith <.l limited

oxy''''en supply occurrin'y, sj.nu-J.taneo1J.sl:' nith a critIcal stage in organo­

r;emsis, and the resulti.ne; norto.li ty m..::;y be accenLu<\ted b'J' o,};:;:vgen

consurning organisms which h9.ve settled cn the surface of the rearing

applratus. This is all conjectural thus fnr, and determ.i.m tL:,!lS of the

oxygen requiranents of ls.!"T:-:;l maOffi30 are L"e CeSS3.I'Y before an adequate

evaluatlon of the p"'rt plGyed by this factor canoe made.
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(e) Currents and turbulence - Experience in handling maom.ao larvae

showed tha t they are extremely frail and easily injured, and it was

asswned that strong currents or turbulence might carry thEl11 into the

sides of the apparatue and injure them. '!he area in which too rearing

apparatus is anchored is well protected, being surrounded by walls and

docks, and not directly exposed to the 0p'n water of the bay, (see Figure 1).

The tidal exchange in this area causes a flow of water to and from the

ne.:.'1.rby ponds; however J the rearing apparatus is not located in direct

line with any of the spillways to these ponds J am is not subj eat to

noticeable currents. Considerable turbulence from surface waves caused

by boats passing in the nearby West Boat Channel was noted from time to

time; however, when observations of the larvae were made during these

periods, they did not seem to be greatly affected, as the two nets of

the apparatus effectively dampened most of the water action. 'Dle only

noticeable movement of water wi thin the inner net was a slight vertical

move.'llent, which conceivably could have affected larvae close to the

bottom of the net. Surface turbulence caused by wind was never great

due to the sheltered location of the apparatus, and it was all but

eliminated from the inner net by the frames of the apJ!lratus.

Thus the effects of currents and turbulence on It'lrval maomao

mortali~ Exe considered negligible wi thin the rearing apparatus; however"

these factors are probably responsible for considerable L"'trval mortality

of individuals in nature, especially with those which are carried or

migrate into shallow areas where they are sUhjected to the violent acti.on

of shore waves. In this regard, it was noted that a tremendous inorease

in the number of maomao larvae observed at Southwest Point, Coconut

Island, in June, 1957 (see Figure 6) was preceded by more than a week of
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very calm weatmr. '!his type of mortality would also account for the

complete absence of individuals under 10 mm. (standard length) in all

tide pool collections, and suggests that prior to this si7..8 they lack

sufficient control to keep from being injured b.Y the turbulence

encountered in shallow water.

(f) Food - Since planktonic organisms are largely at the mercy of

water currents, their distribution within the nets of the rearing apparatus

is probab1.:V similar to that in the surrounding waters, with the possible

exception of those too large to pass through the inner net, and those

phototaxic organisms discussed in the section under light. '!he rearing

apps.ratus may actually act as a concentrating applratus for planktonic

organisms, as graZing by larger predators is all but elimimted, and

the planktonic lRrval forms shed by many of the invertebrates that

attached themselves to the outer net of the apparatus during the course

of these trials have ready access to this relatively protected area.

'!he stomachs of maomao larvae less than 6 mm. in length were examined

from both the rearing app,::\ratus and plankton hauls made at stations I,I!J..

and 112 at Coconut Island. Qualit.."ltively they appea,red about the same,

each containing but a few copepods and amphipods; however, it was

difficult to determine if a quantitative difference existed, since all

of the stomachs contained such a s.ma.ll amount of food. According to

Crawford (1923), fish larvae only consume foods that they are physiologically

caplble of handling, regardless of what is available. Thus, it appears

as though L'lrval maomao require small copepoda and arnphipods for their

imtial feeding and to sustain them during the first few weeks after

hatching. If cont.:'1ct bet'\veen larvae and food is primarily a chance

occurrence, as Hjort (op.cit.) and others have suggested, then the
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environment in the rearing net in!tially may be slightly advantageous to

the larvae over the natural envlronment, as it elimimtes cOIt)petition

from other plankton feeding organisnls.

'!he exi.s tence of intraspecific competition for food among the larvae

depends on whether there is sufficient food for the entire lXIPulation

'Nithin the apparatus, or whether they mllst compete for food to a point

where some individuals fail to survive. In other words, is food in this

ease a densi~-dependent or density-independent factor? A,lthough the

data. is not conclusive, the curves of survival (Fi,I~are 17) fail to sho)'1

a great difference in the mortality rate between broodD with an initial

size of 45, ani those with an iniUnl size of 4.00. '!hus, the init,ial

bigh mortality is proh:qbly not dependent on competition for food within

the population size ranr::e investipated; however, this aspect of the

problem requires further stud.y.

Therefore it is concluded that the rearir,g apparatus is probably not

detrimental to the feedip.g of larval mao1"!ao, and. may be advantageous OIl er

some condi tiona found in nature. This study has shed little light on the

important question of the nature of initial feeding and its role in early

survival.

From this review of the factors affecting larval mortality it seems

reasonable to assume that tro critical period, as well 3.8 the whole pattern

of survival 8S determined from rearing trials, is a valid approximn.tion

of what usually occurs in natural populations of maomao. If we consider

the assumpttons of Morris (op. oit.) as valid (i.e., that the oritical

period is a time during larval developnent when the a.dequacy of a number

of orga.t'l systems must be proven, in a.ddi tion to a. chance contact of the
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L1.M'A with the proper food), then the chances of conditions being optimum

in favor of survival at this critical time seem. extremely poor. However,

on rare occasions, aprarentJy all conditions are optimum for survival at

the proper time, and a tremendous increase in the number of individuals

surviving the critical period results. Although other factors probably

tend to l:i.mit the popula tion size at some later stage in such cases,

the resulting standing crop is nsua1.ly strikingly evident as a dominant

year class. '.the classical example ot such dominance is illustrated in

the 1904 year class of Norwegian mrr1ng reported by Hjort (1926). A

similar phenomenon apparently occurred with the 1956 year class of the

Hawaiian Aweaweo (IJ'ia canthus cruentatus) which appeared in tremendous

numbers in some locations during 1957. '!he maomao appears to have

experienced a SUbstantially increased recruitment during 1956-1957, for

surveys of the 1957 standing crop indicate that it is much L'lrger than

it has been for the preceding five years.

To cite an example of how a slight increase in early survival might

affect a population, twelve new broods of maomao eggs were observed at

Southwest Point, Coronut Island, between the first and the fifteenth of

April, 1957. It has been calculated that the average brood contains

about 57,000 eggs. With the application of 10 percent mortality

estimated for the developnental stages prior to hatching, these broodS

'Would produce close to one half million laNae on hatching. It can be

seen readily th."tt only a slight increase in survival during the critical

penod of larval developnent woold produce a tremendous increase in the

number or juveniles, 'Which 'WOuld certainly be noticeable when they

migrated into shallow 'Water.



'!he e~ple of broods observed between the first and fifteenth of

April, 1957, (cited above) may be explored further in order to arrive

at an estima.te of larval survival. If we assume tha.t the surviving

larvae remained in the vicinity of Southwest Point, or at l03st that

emigration equalled immigration, t.h.en the number of larvae observed

along the wall in this vieinity might be utilized to est::Lm:Jte mortality

during the first ten da,ys after hatehing. The number of lnrt!:le obser'lted

along the wall in this area between the tenth and the blent3r-fifth of

APril was 68, or about 0.01 percent of. the estimated number trJ.c"t hat.ched.

Another estimate of L"lrval survive.l obtained from five broods observed

in the rearing apparatus for eight days resulted in an average survixal

of 1.9 percent of those tmt hatched. The difference between these two

estimC'tes may be attributed to factors not encountered in the rearlng

apraratus such as predation and in,jury due to turbulence.

JUVENIIBS
Habitats

Juvenile maomao are conspieuot.l.s inhabitants of tide pools and other

relatively quiet, shallow water areas throughout the islands during

certain periods of the year. This afforded an excellent opportunity

to observe and sample them. Randall (1955) reports a seasonal occupancy

of tide pools in Hawaii by juvenile manini (Acanthurus sandvieensis), as

does Breder (1948) for juvenile Abudefd~. saxatilis and three other

pomacentrids in tle lbhamas. furing this investigation, extensive

obse1"\Tations and samplings were earried out throughout tte year to obtain

information on tl'e habitat, abundance, food, and other relationsldps of

the juvenile maomao. Because of the rather specialiZed nature of the

juvenile habitats, discussion of the tide pools, and other shallow water
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areas will be presented separately.

1. Tide Pools - Information on the tide pool habitat of juvenile maomao

is based primarily on observations made over a four ye~ period on a

series of pools located at Diamond Head Park in Honolulu. A sampling

program was inaugurated in this area which ult.i.mately included observa­

tions on b'lenty tide pools at weekly intervals. 'lhese pools were

designated as pools !Il through #19, and extended along a rocky secti.on

of shoreline for approxi.mately three hundred yards. The substrate in

the area containing these pools is cnmposed of two geners~l types of

material described by Wentworth (1933) as detrital limestone and basalt.

Pools 1 through 10 lie in a detrital limestone solution bench, while II

through 17 lie among low basaltic outcroppinc;s. Pool 1$ is bordered on

the inshore side by two patches of coarse sand separated by a knob of

detrital limestone, and on the seaward side by a broad flat detrital

li..'nestone solution bench. Pool 19 is located at the east end of this

bench. This entire shoreline is fronted by a broad reef (about .300

yards wide) of coral, coral rubble, detrital limestone and sand. Along

the seaward edge of this reef is a buttress zone Which, except for

occasional channels, is exposed at mean lower low water. '!he prevailing

northeasterly winds usually cause a moderate to heavy surf action along

this buttress zone, which in turn causes a greatly reduced wave action

along the intertidal zone containing the pools under discussion.

The pools occupied by juvenile maomao are all in the lower to middle

intertidal zone, and partially to completely isolated at mean lower low

water. Maomao Vfere never observed to OCCiJ.py supra-tidal pools of the type

described by Strasburg (MS.) as the haM t.."it for Istiblenni~~~ebra.
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In order to determine the general type of habitat preferred by

juvenile maomao, and some of its specific characteristics" a survey of

certain physical and biological aspects of these pools was carried out.

An attempt was then made to associate factors in the habitat with the

rel.:'1tive abundance of juvenile maomao found there. '.lhe pools surveyed

were within the range of vertical zonation usually inhabited by juvenile

maomao, but some of tre pools seldom contained them. After preliminary

observations had suggested that certain constituents of tide pools were

of importance to maomao inhabitancy, the survey was begun. For each

pool estimates were made of; (1) the approximate area when the tidal

height was -0.1 ft. below mean sea level, (2) the maximum and average

depth of water, (3) the amount of sheltar for juvenile maomao (holes,

cracks, led3es, large rocks, etc.), (4) the quantity of sand, (5)the

amount of algal growth, and (6) the nature of the access to deeper water.

The results of this survey, which included seventy-five observations of

each pool, are presented in Table 14. In additton, estim'1tes were lIlade

for each pool of the percentage of times maomao 'Were found in that

particular pool on collecti~~ trips during which some maomao were

observed. Items 3, 4, and 5 (above) were recorded in Table 14 according

to the appro:x:i..rI'.H te percent of the total area of the pool they occupied,

using a number scale of one to four, (1 =25 percent or less of the

area occupied, 2 =26 percent to 50 percent, etc.).

In analyzing the da ta. in Table 14 to ascertain what characteristics

of a pool make it desirable as a habitat for the juvenile maomao, the

pools were placed in two groups: (1) those which contained juveniles in

40 percent or more of the times that juveniles were successfully collected
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ANANAUSIS OF cr;RTAIN PHYSICAL AND mOLOOICAL FAC'roRS OF TiffiNTY TIDE POOlS AT DIAMOND HEAD

PIIRK, OAHU, Arm 'IHEIR POSSIBLE INFllJENCE ON 'tHE CHOICE OF HAmT~1S BI JUVENILE MAOMAO.
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in this area, and (2) those which contained juveniles less than 40 percent

of the time under the same circumstances. 'ftds revealed that the exis­

tence and re1.a tive pasition of a pool's access to deeper water ,seemed

to be important as indicated by juvenile occupancy. Under category 1,

60 percent of these pools had openings to deeper water during lower low

water, and all but two of these openings were sheltered from the direct

surge, (the openings were parallel to the shore). In pools of category

2, 75 percent had openings into deeper water at mean lower low water,

but in every case these openings were subject to tm action of direct

surge, suggesting trr:l t juveniles shun regions of continuous turbulence.

No striking correlation is noted indicating a preferred depth; however,

in the case of pool In, the slight depth coupled With the scarcity of

shelter and small inconspicuous opEfling probably contributed to its

non-desirability as a juvenile habitat. Little v<iriation exists between

these pools in regard to the presence of sand; however, duri~ observa-

tions on pool #18, as well as in 0 tiler areas, juvenile maomao have never

been observed in the vicinity of a sandy bottom. '!he shelter recluirements

depend largely on the size of the juvenile occupants. '!he younger maomao

(up to about H~ rom.) seldom seek shelter, but usually remain at about

mid-depth in a deeper portion of the pool when not feeding, whereas the

older juveniles generally prefer deeper pools which afford cracks, holes,

and overhanging ledges which they utiUze as hiding places. 'Ihe

quantities of algae encountered in these pools do not S6eln to be important

to the juvenile maomao. However, certain species of algae may discourage

occupancy Qy most species of fishes (see Helfrich and Kohn, 1956, p. 27).

From the above co:mments, the following conclusions have been arrived

at regarding the desirable characteristics of a tide pool as a habitat
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for juvenile maomao between 10 and 20 mm. (which is the size ran,:;e most

abundant in this hahi tat) •

(1) Juvenile maomao Seem to be most abundant (and apparently success­

ful) in pools in the lower and middle intertidal zone, of moderate depth

(12 11 to 36 11 ), which are sheltered from the direct surge by ridges, out­

croppings of rock, or solution benches. Such pools often have their

long axis parallel, or nearly so, to the shoreline, and those which have

opeJ:1ings to deeper water during lovler low water, have such openings

protected from direct surge of waves.

(2) 'lhe size of the pool per se seems to have little to do with the

occurrence of juvenile maOIPAO in it. '!he depth and amount of shelter

offered by a pool have a var'Jing effect on the occurrence of juveniles,

depending on their size. It was noted th..-:lt the lar:er juveniles prefer

deeper pools, with more elabora te hiding places, than the sJr..aller

individuals. Applrently it is desirable to helve an overha..'1ging ledge

or other concealment on the seaward side of a pool, under wl1ich the

juveniles may take refuge and feed on organisn'cS that are swept into the

pool during the rising tide.

(3) Sa..'1dy areas are shunned by juvenile maomao. Algae of certain

typEe is tolerated in moderate quanti ties. It is possible th''1t some

species of algae harbor small crustaceans utilized as food by these

,jUVeniles, ard it may also afford some degree of cover and c'Jncealment.

Apparently one of the im.portant advantages of a pool with these

desirable characteristics is that it usually satisfies at least two of

the basic requirements of the ,juvenile maomaoj protection from lar~e

predators, and a fairly stead,y supply oJ' food. It should be 6lllphasized



that these relationships were worked out for poola at lliam.ond Head

Park, but the preferences exhibited here were also displayed in a

number of other 10calities in which th:! juveniles were found.

2. Other than tide pools - Juveniles between 10 and 20 rom. in standard

length have been obserV"ed in haM tats other tha.n the tide pools described

above; however, the largest aggregations observed here have been in

tide pools. In general juvenile maomao seem to favor relatively quiet

vvater, inshore of the breaker zone, and they seem to be attracted to

conspicuous objects such as piles of rocks, posts, floats, etc. '!he

habi tats on which they are seldom seen are those where heavy surf action

is common, or where muddy or sandy bottoms exist. Apparently the

juveniles migrate inshore from spawning sites in deeper water, as they

are seldom seen in these latter areas. In shallow water they seem to

seek out conspicuous objects around which they hover until they attain

a lenr-rth of 25 to 30 nun. at which time they take refuge in the substrate

and are less conspicuous.

Numerous obserV"ations have been made of juvenile maomao congregating

around floating objects such as boxes, palm fronds, rafts, debris, and

even clusters of floating Sargasswn. On April 17, 1957, thirty-nine

juvenile maomao between 9 and 14 nun. in length were captured as they

swam in and around a large cluster of Sa.rg§ssum that had floated into

the East Boat Channel at Coconut Island. Similar groups have been

observed near a floa ting box, a. piece of plywood, and a palm frond in

the vicinity of Coconut Island. Large groups of juvenile maamao were

also observed benea.th rafts anchored in shallow water at Waianae and

Fort De Russy on Oahu. From the previously discussed behavior of the

1a.rvae after hatching, it appears that they migrate to the surra.ce and
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toward shallow water, congregating around the first large object oft'ering

shelter that is encOlmtered. If no such objects are encountered,

individuals appear to I'10'Ie on into tide pools and other sheltered areas

ala· the ahore. Periodle observations made along the walls surrounding

Coconut Island during the late spring and summer consistently revealed

aggregations of juveniles in areas indicated by the cross hatching in

Figure 1. 'lhese areas are mostly in semi-sheltered locations, thus,

substantiating previous observations that juvenile maamao avoid, or are

eliminated by conditions of moderately heavy turbulenee.

Associa tio..!J!.

The assocnations of maomao juveniles in shallow water habitats,

especially in tJ.de pools, are pertinent t.o a study of this phase of the

Ufe h:i.story sinee n variet.y of species of fishes are in close contact

with each other in this habitat, often in competition for food and spaee,

and occasi ona l1y preying on one ar...other. ?ii thin the tide pools, the

maomao juveniles, as ,;,ell as most of the other fishes, may be considered

as transient oCH~trpant-s only. Smaller maomao (9 to 20 rom.) are usually

found in aggregations well off of the bottom and in the deeper part of

the pool. 'n1e juver.iles of two other species of fishes have been observed

in the same aggrega tions wi th maoIl".ae; the convict fish Ji,!,icrocanthus

strigatus ~ and the butterfly fish Chaetadoo JUDuJa.

A fairly complete "picture of the species complex of fishes was

obtained during colleotions made at regular intervals over a four year

period at Diamond Head Park. During this time certain pools were regularly

poi.aoned wi th rotenone, yielding all of tIe fish occupants, and furnishing

V~lll~.ble information on the seasonal abundanoe and associations of various

species. Greatest effcrt was expended during these collections toward



obta.:i.ning juventle meomao; however, a relatively constant, although

1esDel' effort t:as expended t.oward the collection of the other species.

Some of the apeeies eoJJ.eet-=-d and an indication of their seasonal

abundFxce are presented in Table 15. Th.ese fish represent the "casual

species Il categor:l of Breder (1948), or those species which show no

obvious tide pool specialization but are well adapted to tide pool

existence, at least during some part of their life history, Also

included among the casual s:r;ectes collected, but not as COJi'JnOn as

tho~3e listed in Table 15:- are; Abudefdut :!!!t~ripennis, Pomacentrus

.1 enkinsi, Apogon erythrinus, 1halaasoma umbroa tir.m3, ScorpaenoPSis

gibbosa" Scorpaena ballieui, Holocentrus Mlcteoguttatus, Lactona

fornasini, and Conger cinereus, Under the category of Iltypical species ll

of those species which show specializations associated with tide pool

life and are consistently found in tide pools, the small GOby ,

Bathygobius ;t:uscus, is the most abundant. Other species collected

that probably belong in this cate!wry are; Bathygobius cotticeW.

Zonogobius farcimen, Istiblennius zebra, and ;I., gibbifrons, A third

category includes those species which are not well suited for tide pool

life, but only enter the pools accidentally, or the "a.ccidental species"

of Breder (ibid.), Under this category Kuhlia sandvicensis, NecmY2Qls

cha.nta1ii , and Pranesus insularum might be included.

Of the twenty-four species listed as co-inhabitants of tide pools

wi th maomao, over half may be in direct competition for food ..dth the

maomao to some extent according to a food survey of tide pool fish

presented by Strasburg (MS., Tables 5 and 6), In regard to possible

predators, Strasburg lists "fish fragments and scales" as found in the
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'fABLE 15

'mE AV?3...A.GE NDHBEi{ OF' CASUAL 3PECIES* o,i' J!'ISH COJ.JL;'~C'l'!:D .FRon~

DIArWl{f) HEAD TIDE POOI,S r: IGJ~Cl·I H01Tl.'H OVF:}l A .[i'OiH-Yr~a. .pr:rnCD

1954 - 1957
Species Jan Feb Har Apr May J'un Jul Aug Sep Oct Nov Dec

Abudefduf abdominalis 29 25 93 170 116 60 37 14 24 3 4 9----
Abudei'duf sordidus 1 1 r, 3 3 6 13 9 4 3 5 4"----

Acanthurus sandvicensis 0 0 25 69 76 103 80 42 g 4 1 0

Stethojulis axi.l1aris 0 0 3 7 6 4 c." 8 9 10 1 7u

Chaetoclon lunula 0 0 0 6 7 13 21 4 :2 3. 1 0._k'______ ----
Ch<?cetodon milia-ris 0 0 23 6 1 1 0 0 0 0 I) 0---_....~- -'

PC'I'"upenmw porphY:r:,eus 0 0
.-, 12 3 1 1 0 a 1"1 0 0.:> . j

Hicrocanthus strlf.8tus 4 4 11 10 2 0 0 0 0 0 0 a--""--

*CA3UAL 3PECIE3 - T:hO~~8 species \·>Thich shO-VJ no obvic)1]s tide >:001 specializa­
tions but are lJell adapted to tide pool existence, at
least during soue part of t,heir lifo ldstor;/.



stomachs of four of the species of fishes comnlonly found in association

wi th juvenile maomao. Cf theso, onl;; one species, Ihth:ipob:i.U6 ~cus

has S~10wn a;:;gressiv e ao lion tov:ard the .maomao, a1 thou:?;)1 ill ex.ar.:iring the

contents of oizht,ean sto;;achs of this species frOtD individl:Dls captured

in areas where maomao were abundant" only cX'uste.ceans were found, and

no fish or fish remains l'Jere evident.

11. fuscu~ was fil'st suspected of preyin...:; on ,juvenile ~MOfJ18.0 when

one was observed attempting to deVOUl' a rllBom.ao that had been partially

overcome by poison. (The goby is ilUCh lees ser:.ait.ive to rotenone

poisoning than the maornao.) In order to test thi.s re10 t.:Lonship further

a group of ten juvenile maamao between 10 nnd 15 rnm. were netted from a

tide pool at Utamond Head and placed in a small glass bot.tle full of

sea wa.ter which was then capped. 'lh.:ts bottle was then placed back on

the bottom of the same pool from which the fish had been taken. 'lhe

struggling acti.ons of the enclosed fish immediately attracted four £.

f.t]~euf!, one from a distance of approximately 3 feet" to the poir.t at

which the ,jar had been placed. These gobies l'epeatedly 1)utted up against

the glass jar in an apparent effort to feed on the trapped fish.

Further evidence on the feeding habits of this goby resulted from

n simple experiment in which a 47 rom. ];!.fuscus was pb.ced in a fift,een

snllon aquarium through which filtered sea water \'ias circulated. After

leaving the goby without food for one week a 12 mm. maomao was introduced

into the t.ilnk, and the goby immediatelY darted to the surface and

consu.rned th~ maom~o. It is eoncluded" therefore, tl.mt this eoby is a

rotent,i8~ predator on m.aauao juveniles, but probably does not beeo.me a

serious threat to young ma.omao unless it is deprived of other sources

of food.
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F1gur 19, Juvenile Abudetdut t.Mgn1nalia of tba siz.. most CClDmO~
inhab1ting tide poo_
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Of the other fish. listed by Strasburg Cop. cit.) as having fish

fragments and seales in their stanachs, only Abudefduf sordidus and

Holocentrus lacteoguttatus are commonly found with the maomao. '!he

former species is morphologically very similar to the maomao, and it is

doubtful tha t the small specimens found in tide pools are capable of

capturing and consuming a juvenile maomao of approximately the same size.

An examination of tie stomach contents of five spee:imens (45 to 50 mn.

in length) of Holocentrus lacteoguttatus which were taken fram pools

containing a large number of maomao revealed only crustaceans.

Fluctua tions in Abundane~

The sampling program at Diatnond Head Park supplied considerable

infor.rna tion concerning fluctuat~ons in the abundance of maoroao juveniles

migrating into tide pools, which verified the general picture of the

spmming cycle obtained from other sources, (see section on reproduction).

The numbers of juveniles under 20 rom. collected at intervals between

April, 1954, and late December, 1957, are shown in Figure 20. Ihring

1954 and 1955 collections were made monthly as close to the time of full

moon as possible. The 1954 collections were made from one pool only

(pool #1), whereas during 1955 the program. of sampling was expanded to

include all the tide pools between pool #l and a large pool below the

Diamond Head Lighthouse (designated as pool #18) about 300 yards east

of pool #1. Ihring 1956 and 1957 the sampling was increased to weekly

intervals, and the area was further e.JCP9.nded to include all of the pools

in Diamond Head Park, which includes a rocky shore of about 500 yards

in length bounded by sandy areas on either end. An attempt was :rnade to

keep the effort expended constant during the 1956-57 period. An
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Figure 20. The number of juvenile maomao (20 DIll. and under) collected from tide
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sampling area was further expanded to include all pools at Diamond Head Park.



increased proficiency at oaptur5.ng these fish probably increased the

yield by about 10 percent during this period.

These data show peaks of juvenile immigrants between the first or

April and rrdd-June, and minimuru nwnbers during October and November,

prohabljr reflecting earlier Spiwntng fluctuations.

~

'!he food of juvenile maomao was determined primarily by means of

the examination of stomach contents of thirty-four specimens collected

at Diamond Head, Waikiki, 'Makapuu Point, Hanauma Bay, Kaneohe .&.y and

Kahuku on the island of Oahu. All specimens examined were preserved in

formalin wi thin a few minutes after capture, and the stomach contents

ex~nined as soon afte~Nards as possible. '!he stomachs examined were

opened under a. binocular ,oicroscope, and thecontents were identified

as far as possible vr.'L th the literature available. Aid was obtained

from specialists in order to gtrln more specific identifications of some

of the dominant organisms such as the crustaceans.

The morphological modifications for' feeding and digestion are

discussed in some detail in the section on adult food and feeding, and

these structures do not differ greatly in the juveniles except in size.

The teCtJl vary from those of the adult in that the medial cusp described

for the lateral adult teeth is more acoentuated and sharply pointed in

the ,Juveniles, which results in a loosely held, uniserial, villiform type

of dentition in individuals up to aoout 6O-70.mm., at which time the more

truncate structure of the adult begins to form. '!his dentition is

displayed by the juvenile maomao appears to be fairly well adapted far

feeding on small crustaceans, which appear to be their pri..m.."l.ry food.
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'!be major itEms found in the juvenile maomao stomach contents are

listed in Table 1. The dominant organism in the sto1Mchs of .juveniles

from 10 to 30 mm. in lengtJl appea.'I:'ed to be a small red harpacticoid

copepod identified a8 D9.c_tIlo~. ~!3boides (Claus), althouEh other

sirrd.lnr harpacticoids were also .found in abundance. 111e ,juvenile

preference for a crustacean diet is ind1C'.ated in the fact that when a

storoAch wae found to be crar'ullled with organis.ms, the contents usually

consisted l£lrgely of copepods and. amphipods of two or three species,

and little else. ~\rhen ~.lgal fragments were found. in the stomnchs, the

L"ltter were usually not full. Other food i terns were represer.ted by a

large varie ty of specie s from various groups. Althou.gh the nUJuher of

saillples does not justify any conclusive rel'J1..arks, there is an indic.:,tion

tha t a defini te preference exists for certain copepods and G..mph.i.pods,

and when these are not available, the choice of food organisms becOOles

quite broad. Th.e dat.."i indicate (Table 1) that copepods, f:Lne algae,

and amphipods are dominant food organisms, consi daring be th the number

of juveniles containir.g the i tern and the buD< contained in the stomachs.

Six juveniles had consumed a nUIn.oor of insects (springtl.dls of the order

Collembola, and one Hemisocus roseus (Hagen) of th e order Corrodentia).

Larger juvenile .maomGO (from about 30 t:> 60 null.) were found to be

feeding primarily on copepods a.nd amphipods also. However, the freqency

of Inr6cr crustaceans, such as small crabs, found in these stomach

contents increases. 'ibis is what .might be expected in associa tion 'With

their increasing adaptation to recesses in rocks and coral for refuge,

a.nd with continued develoJl11ent of their dentit.ion.
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Feeding Behavior

'111e feeding behavior of juvenile Inaomao differs from th,:; t. of the

adul ts in that the juveniles are seldom observed in feeding aggregations

of tl10 t:/pe previously described for adults. In tide pools.. feeding

activity of the juveniles is normally at a low level during period of

low tide when the pools are isolated or nearlJr isolated. furing these

periods juveniles are often observed in a relatively quiescent state..

a few inches beneath the surface of the water, in groups of five to ten

individuals. Only occasionally will they swim about slowly in what

appears to be a subdued feeding activity. When the first water breaks

int,o the pools on the rising tide, a marked increase in activity is

noted in these young maomao, and by the time waves are brea.kir..;s into

t,~e pool in rapid succession, the maomao are darting about rapidly nE'E.T

the sur.face in what is obviously feeding activity, e:tlthough their prey

is invisible to the observer. '!his excha.nge of water apparentl:)T carries

a fresh supply of organ).sms into the pools from. deeper "W8ter and from

the btl.mers which isolate the pools from the open sea.

In the shallow water lk'!bitat of juveniles around coral reefs and

otmr areas, tm feeding ls often by small aggregations of m.aomao,

frequently 8ituated :tn some ""-rea where currents car!"".! organisms over a

reef platfonn. or other sIlallow lfater area. In these eases the Juveniles

face the current. and indivi.duals dart out from the ap-,gregn tion a short

distance apparently to feed on 2. small orga.nism. As the ,iuvel1.i1e s reach

approximately 30.mm.. they begin to take refup,e in cracks and shelters

in the substrate, and in r;eneral move into the vicinity of the deeper

'water habitat frequented by the ad.ults. At this ti.:Tle tb.ey tend to be

so).i tary feeders, at least they do not join th3 feeding ar..sregati.on of
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adults when they are located nearby.

A definite hierarchy of feeding or peck order seems to exist among

juvenile maomao observed in small tide pool aggregations, and this was

confirmed with groups confined to aquaria. In order to observe the

evolution of this behavior more closely, four groups of juveniles were

placed in four 13.5 gallon, glass welled aquaria at the main laboratory

at Coconut Island. Each group was composed of fish of exactly the same

size, although a size difference existed between groups. A ration of

prepared fish food was dropped onto the surface of the 'Water once a day,

and after a. short time a definite peek order was established. 'Ihis

peek order was evident as soon as the food was introduced into the

aquaria. '!he dominant juvenile would inunediately rise to the surface

and begin to feed, with intennittent periods of chasing other fish

attempting to do likewise. Usually the dominant fish remained near

the surface in the area that contained the mas t food, while those of

lesser dominance were distributed out toward the periphery of that area

and at lower levels in the water. Those individuals ·with the lowest

rank in the peck order remained close to the bottom of the aquarium, and

did not feed until the food drifted down to them. Although other factors

may cause a differential growth rate, the difference in size of an

individual is probably a good indication of the quantity of food he has

consumed under these experimental conditions. It was therefore hypothesized

that the size of a fish in these experiments indicated its position in

the feeding hierarchy, and this was confirmed by observations of behavior

and periodic measurements, at least as far as extrOO1es in dominancy was

concerned, (see Table 16). In each trial a dominant fish was clearly
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indicated by its size after thirty-nine days, and before trJ.s time by

its aggressive feeding behavior.

This phenomenon appears to vary considerably in ns ture depending

on too amount of confinement and the food available; however, even in

situations where juveniles are not restricted to tide pools, and food.

is seemingly abundant, L-3.rger juveniles are often seen chasing their

smaller campaUtors. 'lhis is probably a reason for the occurrence of

aggregations of juve.ni.le Ill-:lomao consisting of individuals thct are all

of about the same size.

Growth

In an attempt to obtain an estimate of growth of juvenile maomao tha.t

was a close approximation of the 8yerage n"1tural growth rate, the following

three methods were employed: (1) marking and taggi~ lndividuals in nature,

(2) following the progression of modes in length frequency determ:i.nati.ons

of the juveniles entering tide pools, (3) ma'ldng pp,riodic measurements

of juveniles kept in tanks and nets :tn which natural fom was aV11i1n ble.

All a ttempts to deter.m.i.ne the growth chB r~ cteristiOS of juvenile

maomao by the use of tags and marldngs failed. Four methods of ta"eing

and .lM.rking were att.empt..ed 5.n both juveniles and ndults, Pend ulthough

some success was obtained 'it< th one method of tagging ad'.lJJOr3, all methods

f:3iled vdth the juveniles. Failure to t.3g or mark juveniles succe~3sfully

was attributed partially tD the lack of suiUtb1e methods and techniques;

however, because of the delicate nature of the young maomsD, high

mortality resulted from excessive handling alone. In addition, recapttlre

of nt'3rked fish relea.sed into their natura.l environment wa.s extrem.e:Is

difficult, time consuming, and often resulted in injury to the 1. :l.sh.
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Therefore, other approaches to the problem were adopted.

'!he rea.nrg of juveniles :In a nearly natural enviro11lrlont se<?llled to

be a suitable method for obtaining an approximation of their growth,

and was therefore attempted. :Ma.omao used for this operation were

obtained directly from the vicinity of Southwest Point, Coconut Island,

and from advanced stages of larvae reared in previously described trials

(see section on larvae). '!bree groups of juveniles were reared in

various envirorments which approxi...l'll.ated the l1t'ltural envirop.ro.ent during

these trials. No fom waS given any of the broods directly; however,

every effort was made to insure tm.t a normal supply of natural food was

available to them. A great deal of care was exercised in measuring trese

fish in order not to injure them in any way.

'lh.ese f::ish were placed in the brge outer net of the re:1ring apparatus,

and a sID'3ller holding net (21" x 2a" x 2.3") which was anchored beside the

rearing apparatus. Later these fish were transferred to a brce concrete

tank, and two specimens transferred fron this tank to a live c~;r anchored

in the L'lgoon on the east. side of Coconut Island (see Fi·~ure 1). 'lhe

concrete tank ut.ilized was the one described try Tester (1952) in which he

kept tuna a.nd other pelaeic fishes. Its dimensions are .34.7' x 10.8',

with a depth of 4.0' nt the south end and 3.8:' at the north end. Its

volume is a.bout 10,600 callons, and during this stuctr water was pumped

into the north end. fro.m the nearby lagoon at tho rate of 60 gallons per

rd.nute. '!he live e~r, to which some of the fish were later transferred,

contains cages of 1," mesh s;alvEl-nized steel screening, with dirnensions of

33' x 35" x 26", thqt nre held by a floating platfonn anchored in about

5 feet of water.
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The three broods used in these trials were designated as broods

A, 3, am 4, am initially included a total of twenty-one individuals.

Broods 3 and 4 were reared from hatching, and brood A oonsisted of

captured juveniles which were all 12 mm. in standard length at the

beginning of these trials on April 20, 1957. 'lhe age, length, disposition,

and other data. collected on these juveniles during almost nine months

of obs&rvaticns is presented in Table 19 (Appendix B). '!he transfers

of these juveniles was necesaitated by the priority of other experiments,

the availability of nets and tanks, and consideration of the space

requirements of various sizes. It was unfortunate that the nDtural

environment of some of the tidal ponds at Coconut Island could not have

been utilized for this study; however, a method of juvenile recapture

fran these areas was not devised. Recapture of juveniles from the

various rear:i.ng eont,."3iners used was accomplished by the use of hand nets

and seines. During the period from April 20, 1957, until January 3, 1958,

vihen the study was concluded, periodic length measurements were made of

tresa juveniles, and these data were averaged for each brood and plotted

in Fi~ure 21.

No published a,ccounts on the growth of pomacentrids in nature were

found; however, Verwey (1930a) rea;"ed Amphiprion ~rcula in an aquarium

on natural food obtained from the circubting water. He gives the

following data on their iY,rowth: 4 rom.. at hatching, 7 rom. at 12 days, an

average of P',.7 mm. at 19 days, 12.5 mm. at 26 days, 16 mm. at 36 days,

25.mm. at 66 days.

According to Conrad Limbaugh, Scripps Institution of Oceanography,

La Jolla, California, (personal communication) Chromis punctip~
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(Oooper) in the via1n1V of La Jolla requires :3 years to attain seXl.Ull

maturity, and at that time is 5.5 inches long. He also states that the

pomacentrid.~s r}\biS9Dd! (Girard) is sexually mature at $ inohes
. '

for the female, and g~ inches for the male, and that the ''Young mature

at approx1.mately three years, although aquarium-held specimens grow much

slower. " A further indi.cation of the growth rate of this species is

revealed in the observation tha t half inch young appear close to smre

'between July and November J and. as the spawning period is between April

and JulyJ these half inch fish might be assumed to be appro:x:ima teJ.y

4. months old..

lhring these rearing trials, brood A was restricted to the previously

desoribed. small holding net on May 16, 1957, due to the lack of other

available space, and treae JUVeniles were retained in this oontainer until

moved to the large concrete rearing tank on June 26, 1957. Durins this

period of restriction, these individuals experienced a marked decline in

~wth rate (see Figure 2l), probably 'because of the lack of food available

to them in this relatively small area. Following tbeir introduction into

the large concrete rearing tank, a marked increase in the growth rate

was evident, followed 'bJr a steadil,y declining rate of increase to the

last measurement on January 3, 1958.. 'l1le average slopes of the growth

curves seems to be somewhat lese far broods :3 and 4 which were reared

later in t.he season, thus indicating that the decline in growth rate may

be associated with conditions enoountered at this part:i.cular time of the

year (winter months). Based on observations made during the fall and

winter IDDnths of 1952-1953, Randall (MS.) noted tho"lt juvel'ile manini

(Aeanthurus sandvi9!!lsis) ceased to grow during November, Decemoor I and



Jamary. '!'ester and Takata (1953) observed a similar retardation of

growth between January and April in the aho18hole (Kuhlia sandvicensil!)

reared in a tank at Coconut Island" despite the fact that these fish

"Nere fed regularly. !hey attribute this retardation prima.rily to lower

water temperature and the deceleration of growth rate that usually

accompanies increase in age of fishes.

In an attEmpt to analyze the growth. data presented, certain

considerations pertinent to the problems of growth of fishes in general

should be discussed. frown (1957) states t,h<it most fishes have annual

cycles or growth" but in add!ti.on" if the annual growth is averaged..

the annual specific growth rate decreases with age. '!hUB .. the growth

curves presented in Figure 21 may have the effect of an al'lI'..ual Cycle

of growth (such as a winter decline shown by Randall (op. cit.) and

Tester and ~ta (op. cit.» as wen as a general decline in the

specific growth rate. If this were the case, and. if we hypothesize

that the annual growth cycle caused a decrease in growth during the

late fall and winter, then we might expect that fish reared over the

same size range in the period from early spring to summer might show

a .more rapid absolute growth rate. '!here is no reason to believe that

these curves represent a growth ra.te tint is greatly divergent from

those ex.'libited by maomao in Th"iture at this time of year" therefore,

it is certainly within the realm of possibility tha.t ro.aOfi\.ao could

reach sexual maturity (about 125 rom. for females) within one year,

if hatched early in the spring.

According to Brown (1957: :380), food supply is probably the most

important factor affecting the growth of fishes, and max:tm.um growth

rate depends on suffie1ent and adec.l.uate food in any given environment.
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It was mt possible to meaeure the amount of tood available to these

reared fish nor were any fish sacrificed to examine the stomach contents.

Sinee the food supply appeared to be primri1y in the rom of planktonic

organisms (concluded from feeding behavior), the seasonal abundance of

some of these organisms preferred by maomao may have affected their

growth rate. In a survey ot the abundance of copepod nauplli and

adults.. Hiatt (1951. 350) notes that they are either in great abundance

or common occurrence during all months of the year in Kaneohe Bay. He

also shows that shrimp and crab larvae are fairly a'l:undant throughout

the year with the exeepti..on of July.

'the previously discussed hierarchy in teed.:ing among juveniles may

also have affected the growth rate of tha juvenile .m.aomao in these

trials, especially those in broods 3 and 4. after August 23, 1957, when

all broods were placed together in the large concrete rearing tank.

As has been noted.. a .marked peck order, and a resulting difference

in individual growth rates exists among smaller juvenile maanao (10 to

30 mm.). Although the size ditferences in these rearing trials Were

not sufficient to cause the individuals to form. separate aggregations,

more aggressive feed:ing tactics were observed amor.g the larger fish.

However, it is believed. that the concrete tank was of sufficient size so

that serious competition for food did not take place.

Regarding the early plateau in the g,rotrth curve of Brood A, caused

by its restl:'iction to a small holding net, it has already been suggested

that this might be due to a paueit4Y of food in this confined area.

Another cause for a decrease in growth rate is suggested by Br.-own (op.cit.)

p. 3S,), and that is, evidence that crowded fish eat less and show less

fluctuation in appetite.
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Another method utilized to estimtl.te the growth rate of juveniles

w!"s tha t. of follovdng the :rro~ression of length-frec1ueney Boden of

,juYeniles hetween 10 9.n1 20 mm. st:mda:r.d lengt.l1. in flaInples from the

t:tde pools at Diar.'l.ond Head. '!he collections analj"Zed were made at

int,e~'vals of approrlm"t91~Tone week, with a rel.!lt.ivel,y constant effort

exoonded, and the results obtained between November 12, 1956, and

Decem.ber 24, 1957, (\rEl shown gNlph:tcn.lly in Fi'~u.re 22. It W,'3.S noted

t..."Jat certain length groups have a grent.er raJa tiva abundance, [lr.d. thes e

dOJ!1J.ni'mt groups often tend to persist in time, and can be followed b;'{

the progrMsion of their modes. In five C~8ea the progress5.on of modes

appellred to he snffic1.cntly cle~.r to justify their use as nn indJct'!tion

of growth, and these mode~ are mArked lip." through tie" in Fir:ure 22.

From these modes the tot,al growth ('Ner a certBj.n period was deter:-nined,

and the !"'.ean [r,!'owth per 02.Y Mlcnlated. These d'?ta are sll.'T'88rized in

"'!"a.ble 17.

The averaGe growth rAte sh~~s a ~eneral increase between Feb~~a~y

!'md Auc;ust. This increase may 'be due to some phenomena aSBoci:?ted with

a rise in water temper~'lture th..,t occurs Q1.l:r.iI"..g this reriod. The average

p;rm'!th r!1te rftni;ed from 0.13 rnr::./day in February and March to 0.23 mm../day

in .June, Ju1jr, !3.Dd Au!;ust, with an overp11 average of O.19rr,·./day, or

5.7 Jtlnl./month. The only other data on the growth of Hawaiian reef fishes

using this method is th'1t of Tester and 'fukat.:1. (1953) for the aho1eho1e,

which showed a~rowth rnta of 7.4 mrn./month, and Randall (1955) for the

marrl.rJ., which showed a f',rmA1tr. rnte of about 12 rom./month.

In comparison to the above growth rates, comparable rateS of juveniles

of a s1ip)ltly larger average size were obtained from previously described



1igure 22. Length frequency distribution. or juvenile naomao from

Diamond Head tide poOls.
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TABLE 17

GRCT..rfH RATE FROM PROGRESSION OF HODES OF JUVENILE LENGTH
FREQUENCIES FROM DIAMOND HEAD COLLECTIONS

Tottill Mean
Date Mode Length at Growth Growth

(1957) Symbo1* Mode Dml. Days mm./Day

14 Feb. a 14 ) 2 15 0.131 March a 16 )

6 March b 11)
13 March b 12 )

4 21 0.1920 March b 14 )
'Z7 March b 15 )

11 April c 12 )
17 April c 14 ) 3 16 0.19
27 April c 15 )

26 May d 12 ~ 3 13 0.23BJune d 15

24 July e 13 )
28 July e 14 ) 3.5 15 0.23
8 Aug. e 16.5)

Average Growth Rate From
Progression of Five Modes • 0.19 mm/day or 5.7 mm./month

*See Fig. 22
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TABLE 18

mOWTH RATE mati REARING TRIALS OF
JUVENILE HAOMAO TO 25 rom. AT COCONUT ISLAND

Average '!'oW Mean
Date Standard Growth Growth

(1957) Brood Length rom. Days mm.fDsy

20 April A 12.0)
6 May A 17.9) 8.2 0.31

16 Mq A 20.2)

19 June 4 10.3)
'2h June 4 14.3)

3 July 4 18.3) 14.5 0.54
9 July 4 21.8)

16 July 4 24.8)

3 July 3 9.3)
9 July 3 9.5)

16 July 3 13.5) 15.7 33 0.48
24 July 3 20.5)
5 August 3 25.0)

Average Growth Rate
From Three Rearing Trials"" 0.44 mm../da:::! or 13.2 rom./month
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rearing trials. '!he data utilized are presented in 'lhble 18. The

average growth rate of three broods oontaining juvef1..iles between 9 and

25 mm. was 0.44 L'll!:./day, or 13.2 rom./month. this is more than tvlice

as great as the compara.b1e figure obtait"ed from the progression of modes

of the length frequency of tide pool juveniles, and can probably be

attributed to an abundance of' food li1'111 a lack of serious competition

for it. In comparison, Randall (op. cit.) has shown t.hat the marlin!

kept in oaptivity and consuming on13 natural food also showed a

significantly larger average growth rate (20 mf!l./month ~letween March 17,

and May 13).

In conclusion, it has heen noted that the growth rate as determined

from three broo~ of juvenile ma.Olllao reared. in a nearly ll[tw.~al

environment displayed a gradual declIne which was attributed to a seasonal

decline as well as a deceleration normally associated with maturing fish.

Food appears to be of pri.mary importance to the growth of the rr.ao.m.ao;

however, crOWding and other factors may also ex.ert an influence. From

two estimHtec of juvenile growth, it appears that those reared in

capUvi ty ShOlf more rapid growth than those in nature.

Orientation to LieJ1t

An interesting phenomenon has been observed regarding the orientation

of juvenile maomao to light under certain specialized oonditions. Apparently

these fish are motivated by a phototropism such that they attempt to keep

their dorsal side orientated toward the primary source or light, even though

this requires swimming 'rlth their ventral side toward the water's surface.

Although this topic was not inclUded within the scope of the original

problem, it is probable that this orientation or the juveniles has some
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bearing on their migrations, and perhaps their feeding, ani therefore

will be discussed briefly.

Examples of fish with their ventral side orientated tONard the

water's surface in the Blue Grotto eave in Italy are reported by Abel

(1954); however, only an abstract of this paper was obtained. '!his

behavior has been also observed by divers who have entered underwater

eaves in which most of the light is reflected from a light floor.

Mr. Paul Adachi of Honolulu has informed me tha t he has seen a large

number of fisms in an "up-side-down position" in such eaves around

Oahu, and Mr. Conrad Limbaugh of Scripps Institution of OceLLtOc";r,:;ph;/,

La Jolla, California, has reported similar experiences from the California

area. Von Holst (1950) experimented with orienting reflexes in fishes

and concluded that there was an interaction between geotaxis and photo­

taxis in fishes. He found tlk'lt the degree of' control of the two taxes

depended on the strength of each taxis, but was also influenced by the

activation of ether instincts such as feeding and sleep. '!hus he frond

tha.t phototaxis was of greater influence when feeding, vlhile geotaxis

oorrd.I1<'lted at night when the fish was at rest.

'Ibis phenomenon was first obsel"'lTed in the maomao while diviI\~

beneath a raft anchored off of the Army Recreation Center at Waianae,

OahU, Where a large number of juvenile maomao, ranging from approxi.mately

15 to 50 mm. in length, were seen swimming under the raft with their

ventral sides toward the water's surface. lliis raft was approx:i.Jn,.:'1tely

15 x 20 feet, constructed of wood, and held in place by means of a chain

tied to a metal anchor on the white sand substrate appro.xim.ately 15 feet

below. '.nus light substrate re.flscted a great deal of light, as was most
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evident wb9n an observer swam. beneath the raft and was sheltered f'ran

the overhead sunlight. These maomao were prObably attracted to this

raft as a refuge dUring their inshore migration as l.ar\rae, for no other

shelter was evident on the substrate for a distance of' about 300 ya.rds

in arry direction.

In additd.on to the ma:>ma.o, a ntUIlber of other species of fish were

seen under this and other ratta, all maintaining this unusual orientation

despite the fact that it seemed to require considerable effort to do so.

Many of these fishes were actively feeding among the moderate growth of

attached algae and invertebrates that encrusted the underside of the

ratt. Other species or fish included t Abudefdut sorAAdus (lCX) to 120 rom.),

gmemggn lunula. (20 to ;0 rom.), p!¥cyllus f!.).bis~ (SO rom.), ~g"aY\thurus

sa.nd!ieensis (30 to ;0 mm..) J Aulostomu!:,. S1biPensia (200 mm.), t,nd tr,ree

unidentified species of aeanthurids (prObably including Ctenocht!..etus

strigosus and Aeanthur~ anthopteru§).

Many additi.onal obser'V'ations were made under rafts at Vlaianae, and

a.lso at the Fort De bsy Recreation Area in Honolulu. Similar orientation

of the juvenil.s was alwaya observed; how....r, occasionally, whm the

reflected light was not as intense, larger fish would be seen swimming

beneath the raft with the:tr ventral side down, among smaller fish of tp()

same species wi tb. their ventra.1 side toward t.l:1e surface. 'Ihus, tJ'is

orientation lr.a;;r hS':'Gsoc1.r.l.ted vJi th the incomplete development of cert1'\in

sense organs.

It. seems as though the explanation tor this phetotropisJn involves

an inherent drive to maintain the primaJ:'Y source of light on the dorsal

side by the fish concerned; how_e, the orientation maY' also be

influenced by the positton of nearby solid objects in relation to the

source or light.
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S~:CT.lON III

REPHODUCTIVF: BEHAVIOR

Observ,ottions on the reproductive behavior of m.:3.00J8,O were made at

infrequent lnteI"-12.ls during 1955 and 1956, primarily in the Tuna. Pond

spawning area ;:t Cocormt Island. In the spring of 1957 alJllost daily

observations were made of fish in both tho Southwest Point and Tuna

Pond spawning areas. During mOB t observations period>'3" or~y one or

possiblj1 two sE'*.JTIinel;y uJir€,la ted phases of the reproductiva behavior

were observed. Many individual observations, however, began to reveal

a sequence of actions which had the same rel,3.tionship to 68,ch other,

Lmtil gradually a fair1;;r complete picture of the succession of u;ajor

events that accompany reproduction evolved. This is by no mecms a

complete picture ~ for, [3 is f!'oc;uently the case in such r:mimal behavior

studies, the significance of some of the actions, and probab1Jr the

existence of scme of the more subtle maneuvers were not revealed.

In this behavior analysis, a description of the major phases of

maomao reproductive behavior will first be presented, accom}><mied by

notes on comparable observntions on other pomacentrids. Tr>.is is

followed by a more detailed description of the individual actions of

fish involved in each of these phases" and an analysis of the significance

of these actions to the overall reproductive behavior of the maomao in

the light of other research in animal behavior.

The major phases of maomao reproductive behavior observed are:

1. Choice of a spawning sito and establishment of a

territory by the male.

2. Preparation of the spawning site and pUr formation.
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3. Actions accompanyir...g spawning and fertilization.

4. Parental care of the brood..

Throughout this discussion, individual maomao will often be referred

to as 't,macle ll or "female ", however in [;i.OSt C'ises these Are LerDly

aSStlllptions. J's stated pr, viouslJ f , no reAdily observrlble r,cxual

dir:lOrphism ordin:H'ily exists 1.n the maor\F.O although n distir'ct:i.ve

colol'Htion is associated rdth one phase of reproduction,,,nd ~ll

captured maonao displa:ring this colorvtion wore lYlHles. Reference to

·the sex of a maoIr'D.O is, therefore" baf~ed on some positive idenUfications

of c::lptured fish, but prim.2ril;Y' on color inferences. These determinations

of sex are further supported by the actions and coloration of other

pomacentrids wi til behavior patterns ver;)" siuilar to that of Uw maomao,

in "/hich sexual dimorphism is distinct.

Methods and materials

Practically all observations on maomao reproductive behavior were

made in the vicinity of Coconut Island, Oahu, at the Southwest Point,

and Tuna Pond spawning areas (see Figures 1, 23, and 24). Since a

greater number of fish occupied the Southwest Point spawning area, a

concealed observation platform was constructed at this location in the

spring of 1957. This pe!'.nrl.tted detailed observation of the reproductive

behavior of maomao at nearby spawrd.ng sites without detection by these
•

easily frightened fish. '!his observation platform consisted of a narrow

plank extending about 4 feet out from shore and it was surrounded by palm

fronds which served to conceal the observer from the fish relow. In

addition, various other lk'lturally concealed locations along the retaining

wall from which spawning sites could be observed readily were utilized.
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Figure 23. A sketch of the maornao spawning area at Southwest Point, Coconut Island, Kaneohe Bay, Oahu,
where observations were made on the reproductive behavior of this species. Letters and numbers indicate
the location of astablished spawning sites referred to in the text.



Figure 24. Views ot the SQuthwest Point and 'lUna Pond spawning areal on
Coconut Island, where observations were ma e on the reprOducti.. behaVior
of the omao. 'fop - South'west Point from the ter 111th ~a1.ly

constructed observation visible in the oenter. BottDm - Tuna PQn4
spawning are showing ga.tes to pond and oblervation house. .

101
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One of the disadvantages of observation from above the surface was that

good visibility of the fish greatJ.y depended on the clarity of the water

and the lack of surface disturbances such as that caused by vdnd nnd

passing boats. Although both spawning areas utilized for observations

were located on the lee side of Coconut Island, the prevalent trade

winds caused enough surface disturbance to make observations difficult

much of the time. and for this reason many of the observations were made

in the morning when the wind velocity was usually minimum. Small

quantities of mineral oil were also used during observations to reduce

the effect of surface disturbances.

Since a majoritQ of the nesting si tea in the two areas observed are

on, or very close to the concrete retaining wall surrounding Cooonut

Island, observations on the behavior of this generally timid fish from

points on the shore J'roved to be more fruitful than from beneath the

surface. Repeated attempts to observe their behavior from beneath the

water's surface resulted in 11ttle success, and the maomao involved

would invariably flee to a hiding place as soon as a diver came close

enough to their nesting area so that it was clearly visible. The shyness

of this species varies considerably with the individual, the surroundings,

and the cDncea:lJnent and actions of the observer; however, in no case was

success obtained with underwater observations to equal that obtained

frcrn above the surface when observing condi tiona were optimum. Also in

favor of observation from shore was the consideration that any disturbances

of the natural environment might alter the normal reproductive behavicr',

and thus limit the value of results obtained.
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In order to enoouI'B.ee maomao spawning in the SouthVIest Point

s}awning area, a.nd to oollect material for other phases of this study,

concrete spawning slabs (previously described) were placed in readily

observable locations in sballow water as shown in Figure 2. 'lhase slabs

proved to be attractive to the spawning fish, as did the surface of the

retaining wall, and they were frequently occupied during the late spring

and early summer of 1957. In the months of April through Ju~v over 50

r.ew clutches of eggs were observed on these sites at Southwest Point,

and numerous valuable notes on the reproductive behavior were made.

Broods of rnaoroao eggs observed in two locations at Southwest Point are

illustrated in Figures 25 and 26.

Pattern of reproductive behavior in the Pomacentridae

Reports in the literature on the reproductive behavior of pomacentrid

fishes are limited to a few short descriptive notes; however, two workers

have contributed more detailed accounts of reproductive activities in the

r:,enera DascyJ.lus, ?remnas, and Amphiprion, (Verwey, 19308.; Garnaud, 1951,

1957). Although often lacking detail, accounts of pomacentrid reproduc­

tion generally reveal a ccmnon pattern tmieh is not unlike that foum

in many other teleosts which attach their eggs to a substrate and exldbi t

parental care. The pattern of pomaeentrid reproduction includes the

following: the male usually establishes a territory, and chooses and

prepares a site where the spawning is to take pJ.ace; the male is usually

aggressive and courts the female by means of various maneuvers, frequently

displayit1[,!; special sexnal coloration; the remale, when accepted as a Inate

a t the spawning 6i te, nt t'lches her egGs to the prepared suhstra t.e, and

the m..;'11e fertilizes them; one or toth p,'3rents may care for the clutch of



Figure' 25·. A brood of maomao eggs (the large dark area 8urround:1ng the
arrow), vie d trom' above J and attached to the retaining wall at a1te
"0" Southwest Point, Coconut Island.. 1M guard1an fish 18 not vis1blfr.

Figure 26. A guardian maomao (<drcled) protec:'1ng a breod of egga
attached to a concrete spallDing slab located at aite "Or-i" at Southwest
Point J Cooonut Island. 'D1is view 18 t1'CIIl the obaerrat.i.on plattorm.
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eggs until hatching, but the male is the most active guardian.

In order to illustrate some of the yvariations noted in the general

pattern of pomaoentrid reproductive behavior, a brief resume of the

sal,ient points of other behavior studies in this group is presented.

'!'he ethology of the pomacentrid Dascyllus trimaculatus (Riippell)

is the subject of a recent publication by Garnaud (1957) in which the

follO'Wing activities associated with reproduction are described. 'lhe

pre-spawning behavior is quite abbreviated: the male only cursorily

cleans the substrate, he performs a tlnuptial dance" along side of the

female to attract her, and he undergoes a startling color change; when

the female responds to the male's courting by following him, he

indicates the spot where she is to deposit her eggs; the eggs are

deposited early in the morning of too day following the rlnuptial dance";

the female then leaves the clutch of eggs to the care of the male whose

fanning is essential for their developnent; the ~n.a.le alone defends a

territory around the spawning si te from all possible intruders; a single

pair undergoes repeated spawnings in a single season.

longley and Hildebrand (1941) report the establishment and. defense

of a territory, and guarding of a "nest ft of attached eggs for a number of

pomacentrida from the Tortugas region of southern Florida. Among those

observed, Chroma insolatus (Chvier & Valenciennes) displayed spawning

coloration and was extremely aggressive in its defense of e1ut.;;hes of

eggs. However, the sex of the guardian fish was not determined. 'lhese

authors also repeatedly observed spawning activities of Abudefduf saxatjlls

(Linnaeus ), believed to be closely related to the maomao, and on three



occasions captured a. plrent fish while it was in the process of guarding

its "nest". In all three cases the guardian fish proved to be a male.

While this species was ::Jeing observed, a smaller fish (assumed to l:-.,e a

fe1nale) was tolerated in a nest guarded by a la.rger male, but no spawning

was observed.

Brinley (1939) observed a strong; territoriality 8.ssociated vdth

II
reproduction in the smr'l11 pomacentrid, Pomacentrus leucostictus Muller &

Troschel. '!his species frequently spawns in old gastropod sl~lls, and

the clutch of eggs is Guarded exclusively by the male. Longley and

Hildebrand, ope cit., describe the mating behavior of f..leucostictus,

consisting of sexual dimorphism in the form of a rapid color change, ~md

a series of postures and d8.sh.es apparently designed to attract a. mat's.

Breder (1932), and Breder and Coates (1933), describe some phases

of reproduction in Pomacentrus leucoris Gilbert based on observations

made on a few individuals brought to the New York 4quarium from the

Galapagos Islands. With this species both the male and fer2ale took part

:-in the preparation of the sp.:'lwn:lp.g sit.e. They prep,'lred n rock? surfAce

by scouring it "d. t.h sand brought up from the bottom in their mouths and

blown against the surface. The;),' then fanned the surface viEjorously and

picked off the remaining sand grains. Afte:L" preparing and abandoning a

number of areas, the felnale finally spawned in one, and the BOlle

fertilized the eggs. Although both the male and f~.ale took part in

both the preparation of the 6i te a.l1d guarding and care of t.he eggs, one

individual (presumed by the authors to be the male) was much More active

in both phases of reproductive behavior.

Addi.tional notes on other species of the genus Pomacentrus indicate

156
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that the reproduetive behavior generally conforms to the family pattern

previously described. Longley and Hildebrand (op. cit.) have observed

the establishment or a defeI"'.ded area 8round attached clutches of eggs

in POIT'llCentrus partitus Poey, and. Panacentrus planif'rons Cuvier &.

Valenciennes; the guardian ot the latter species was identified as a

male.

Some interesting variations in the general theme of pOl!k"\centrid

spawning have been observed in H;ypsypops rubieunda. (Girard) by Mr. Conrad

Limbaugh of Seripps Institution of Oceanography in CaUfomia, however.

these observations are as yet unpublished. '!he major events associated

'With reIX"oduction in this species are as follows: the male establishes a

territolY, and within it an area on the substrate is cleaned except for

a small portion in the center on which H certain red alga is allowed to

grow; this alga is kept clean and cropped, and la tar the eggs are

attached to it; when a ripe female approaches the site, the male challenges

her by rushing at her emitting a loud thumping noise; unlike other invaders,

the female, if read,y to spawn, does not u.sually retreat evan though she

may be bitten by the male; the female is eventualll accepted as a mate

when she arrives within about 1 foot of the prepared spawning site; the

female then spawns and leaves the area; the male remains and cares for

the brood throughout their period of incubation, thus following the

general pattern of other paDt3.centrids.

In still another genus of pomacentrids /I the speaies Stegas~

chrysurus (Curler and Valenciennes) observed by Longley a.nd Hildebrand

(op. eit.) strong parental manifestatiom were displayed by a single fish

guarding elutehes of eggs attached to coral branehes. '!'he sex of the

guarding fish was not determined, nor were other details of spawning
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observed.

SOlT,£) interesting modil'iantions of the general reproductive pattern

of pamacentrids exists in nt lcCtst two genera ,vitil specialized habitats.

'n1ese include species of the genera AInphiprion and Frern.r...'1s 'which live

anong the tentacles of giant sea anemones in an apparent symbiotic

association. l In a rather extensive investiga.tion of this group, Verwey

(1930a) describes various phases of the reproductive ber.avior of four

species. Fror..'! observations on Arl1phipr:i:on ~rcula (Lucepede) in the

&'Ulvia area he outlines the following reproductive behavior pattern

for this species J these fish cip each other when sexuAlly exeited, but

the female is larger and takes the ini tia.tive in this activity, nipping

at the fiankB or the male j the male cleans oft an area on t."1e substrate

nenr the base of the anemone vmidl it occupies, and the female attaches

h01' eGgs in the prepared site; t.1le male then induces the marby anemone

to cover and conceal the clutch ot eggs Vii th its tentacles by rubbing

nnd biting it; both p!lrents guard, clean, and aerate the eggs, but all

parentn.l manifestations are shown to a greater extent by the nale. Verwey

(op. cit.) found that this species displayed a strong territoriality around

its anemone hnbitat throughout the year, regardless of reproductive

activities it might be undertaY.ing. Yore recently Garnaud (1951) made

a deli ti. onal. 0 bservationa on Ii. percula in aquaria. at MOrk'lco" tmd his

fi.ndings were in substantial agreement with those ot VerRey' with the

1 This associa tion or fish and coelenterate has attracted the attentiol1 ot
many naturaliSts" and. notes or various aspects or the ecology of these
flnemone fishes are disr-a reed throUGhout the 11terature. For deUli1s not
covered in the above review see: Crespigny, C. C. (1869); Sluiter, C.
(H~8~); Kent, S. (le'13); Horet" R. (19(3); Plate, J. (l90g>; \1ebfJr, M.
(1913); Ah1 E. (1925); Delsman H. C. (1930)· Ve't!WS'3" J. (l930b); Moser"
J. (1931); 6ohar, H. A. F. (1934); Herre, A. i. C. T. (1936); Sachs, W. B.
(1937); Mitsch, H. (1941); GUdger, E. W. (1946).
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exception of details on t."1e time of day that spawning took place I and the

number of eggs deposited rtt one tLne.

Other ane:none fishes observed by Vel-owey (op. cit.) included Pramnas

b~aculeatu5 (Bloch)" Arrlphiprion polymnus (IJ.nne.)" !. ephlppium (Jloch),

and !. akallopisus meeker.. The greatest detail Vias observed in the

behavior of !. perqula, but the behavior of 'these otter species did not

seem to differ from. that species greatly. In all t.his group a strong

territonality and a degree of pernanence in the existence of pairs is

an outsUu"1d1.ng feature. A rr~ore recent wOl"k ant-he an~one fish Amphi;erion

bicillctus furppell by Gohar (194S) sheds little light on the actual

reproductive behavior of this eroup I except that in this case only one

of t110 parents (of Qndeterr-Aned sex) ncted as 11 g1k'lrdian of the clutch

of eggs.

r~t least two other workers have observed some aspects of pO!Y1:.tcontrid

reproductive behavior. HO'lfTeVer, their accounts were not available ,;t

this tilra. The work of 10 Bianco (1919) was not av,3i18.ble,t. but accordi.l".g

to De GaetaI'd (1932) 10 Bianco SL1T:..'Th'lri zas the preparn.tory behnvi or of

Heliastes chro¢s Gunther (:: Chror4s chrcnrl.s) prior to spawning. other

observations .made inclQde a description of the spawn:ing of Abudefdnf

saxatilis (Linnaeus) by !Or. F. G. Wood of the Yarineland Rese,'3.!'ch

Laboratory of St. Augustine, Florida, but this information was not nvide

available as it is being prepared for publication.

'lbe firat. plbliehed. &oceunt of &IV' _peote of maomao reproduct1on

1s that by '1'eater (1953) 1n which he brlet1,J de8cribu observatLons on

parental care, and the eggs aDd larvae. tia preliminary study stimulated

interest tbat resulted in tie pres4Nlt atu"7 in 'Which the fol101dng detail.

of reproductive belav.ior were revealed..
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1. Choice of a spawning site and establisbl.ei1t of Ii territory by the

male.

During the early spring male maomao begin to dissociate trom

aggregat.i.ons to choose suitable spawning sites on the substrate. '!hey

then actively defend an a.rea surrounding the chosen s1te , aggressively

attac1d.ng intrud.... (within c..tain size llmits) that enter the roughly

defined territory. 'lbe territory usualJ.y extends out from. the site in

all directions to include an area with a radius of from. :3 to 8 feet or

more. The extent of this uea defended by' the male ma:>mao varies greatly

depending on tl1e topography of the sur rounding area" the plane of the

spawning site in relation to the surrou.ndings.. the aggressiveness of the

defender, and the amount of pressure exerted on the defending fish by

intruders.

The substrate chosen far a spawning site is usually a hard, relatively

sm.ooth basalt or limestone surface free of large sessile organisms.

Unclut tered areas on concrete structures such as pipes, walls, and

pilings are also alUOng preferred sites. Only rarelJr have maomao been

obseNed. detendtng territories around. ooral formations.

homao spawning s1tee have been obsel"V'ed from the surface to depths

of about 90 teet, which 1s the approx:1.o:&'k range ot the observed adult

habitat. 'Jhe sane site ma~r ',)0 defended and utilized agai.n Gnd again;

however, it, h",s not been determined if the same individu;:,l occupies a

site on successive occasionl. Iongle;,v and Hildebrand (1941) obseJ.'iV'ed a

male Abud§:f'4'l:!: sgti]J.•• identified by'means of a malformed profUe,

defending the same territory on a coral head tJ:ree t.i.mes in one season,

and tor two successive seasons.
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2. Preparation of the spuming site and pair formation.

After the .male maamao has chosen a site and begun defense of a

territory surroundtng it, he prepares the surface seleoted. for the future

attachment of eggs. '!his pl'eparation consists pr::tmarily of clearing the

surface of small sessile algae and invertebrates by rasping them orf 'With

his teeth. PeriodB of ra.sp1ng are interrup~d by short periods of fanning

of the surface by the male. Panning is accomplished. primari~ by actions

of the pactoral and caudal fins, similar to that executed 1:!ter during

a.era.tion of the egg mass. Defense of the territory continues throughout

this preplration phase.

Some time after the start of cleaning activities, the male begins to

assume a nuptial coloration, and commences courting activities. n.tring

this color change the normal black stripes become a pale gra:y and are

often indistinguishable, while the normal brassy green to yellow base

color is transformed into a pale blue. '1'ttts bluish hue is more intense

on the dorsal portion of the body.. and the pale ventra.l portion is

usually unchanged. 1he intensity of this sexual coloration changes very

rapidly and varies with the activit'8 and level of excitement of the male

maomao during courting.

Female maomao, when react.v to spawn, hewer near the periphery of the

malets territory or mingle with o1rcling maomao aggregations which appear

to be feeding nearby. '!'hese females displa1 no apparent distinctive

marking or coloration to irdicate their aex or readiness to spa1'!l1.

'.Male courting behavior oonsis ts of displays and maneuvers in various

sequences performed in the Vicinity of a waiting female. '!he .ma.neuvers

include "looping" and zigzag aw:imming" as illustrated in Figure 27A and B.

a.nd they are executed by the male as he sw:ims toward and away from the
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i"enale. '!he male maomao may also assume a vertical stance in the

vicxinity of the female as illustrated in Fieure 270. '!he possible

eignificance of these and other modes ot courtship behavior will be

disaussed in a later se"Ction.

Since the male m.aanao still maintains an aggressive defense or his

territo1"jl', his courUng activities also take on aggressive overtones.

If during one of the male's courting maneuvers a female approaches him,

the male immed1ately rushes at her, and she usually retreats. 7.hen as

the male turns from his attack to swim back to his spa.~ lSi te.. tm

f"snala also turns and attempts to follow. nns behav.1or is orten repeated

a number of times until finally the female is permitted to follow the male

and is temporarily a.ccepted. as a. mate at the spawning site. 'lhe pair then

engage in chasing each other in a tight circle, or lttail-on-tail chasing"

(Fieure 27D) on the spawrd~ site. '1bis "tail-on-tail chasing" Which .may

continue intemdttently for some t:ime, results in an ultimate acceptance

or rejection ot the tsnale as a mate.

3. Actions accam~ spawning and fertilization.

During sp.rtfni.ng, the fenale maomao swims slolfly back and forth OVer

the substrate along semicircular paths maintaining contaot between the

ventral surface of her body and the substrate. Expulsion of the ova and

the disposition of the genital papilla were never observed during spawning.

'!he female maoroao exhibits considerable diligence in spqwning, often

maintaining contact with the substrate for 20 to 30 minutes at one time.

Behavior of the male maomao during the time the fer"...aJ.e was depos!tir,:g

her eggs included four major activities! release of sperm over the recently

dep>Sited eggs, inspeotion and fanning ot the egg mass, sti.TJJ.letion of the

female, an:i driving intruders from his established terrl_tory. 'file
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Figure 27. Diagrams of some maneuvers recorded during observations on
the reproductive behavior of maomao. A. Looping. B. Zigzag swiIIIn1ng.
C. Vertical stance. D. Tail-on-tail chasing.
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acecmplishment of these tasks results in a frenzy of activity by the

.male whieh is in direct contrast to the slow steady movements of the

fenale during spawning.

'rhe release of sperm by the male maomao appears to be a relatively

ra.pid action. The.male swims up to the nest every few mirmtes, and for

three or four seconds swi..ma aeross the surface of the "nest" with his

ventral body surface pressed againet the egg mass, presumably releasing

spenn; however, no direct evidence of the release of seminal fluid, such

as cloudiness in the water at the suspected point of release was observed.

As tba spawning female swims slowly oyer the substrate in an aJmost

urD.nterrupted action, the male occasionally enters the "nest" to nUdge or

nip her in the region of the ventral caudal peduncle or ger.:Lt.'ll area. '111.1:$

action occaaionally results in "tail-on-tail chasing"; however, when the

rnale leaves the site the female continues to spawn. On occasion, when the

l!l:'ile is away from the imrlledlate vicdnity of the spamin.: site cMsing

territorial intrud.e%"8, the female ceases her spawning activity and hovers

in a nonnal upright position at a point about 12 inches from the uneet tl •

On his return, the male immediately rushes at her, and. a brief session of

"tail-on-tail chasing" ensues; the fenale then resumes her spawning activity.

Occasionally the male inspects the "nest" by sw:1.Jmn:i.ng up to the

spawning site until his snout almost touches the egg mass. Here he remains

motionless far a short period of t1me as though he were visually examining

the eggs. 'lbe w..ale mao.m.ao then usually fana the egg .ma,ss" which is an

action frequently observed during the period follovdng spawning wLen the

male i8 eX.c1usive guardian of the brood.

While the female is busy spawning, mos t ot the time the male ranains



165

about 2 feet _ay from the nest, nervously sw:i.mming baok and forth as

though held by two antagonistic drives: one attraoting him to the nest

to fertiliZe and inspect the .m~s and stimuJa te the lernale, the other

dra1t.tng him. a:way from the "nest" to drive away the eYer-present intruders

who are attempting to devour the newly laid eggs. In driving off intruders,

the male maomao swiJr..s rapidly toward them, and without exception, they

turn and flee.

4. Parental care of the brood.

After spawning the female leaves the site. It appears that the

guardian of the dfIVeloping eggs is primarily the malB maomao, as is the

case in all or the other pomacentrids thus far observed. During the

oare of the brood, the male maomao is primarily engaged in the following

activities: chasing territorial intrudersJ fanning the egg massJ inspection

and picking of detective eggs from the "neat") and periodic preparatlon

of an adjacent area for spawrdng, and the attraotion of a .rnatee

Cha.sing of intruders during this phase of reproduotion appears to be

less aggressive than dlring the spawning period, although considerable

variability exists among different guardian males. Chasing of' intruders

continues throughout this period of caring for the brood; however, male

maomao have been observed merely to threaten intruders by moving a short

distance tQ\"ard them with raised dorsal fin. tis otten serves to

intirnidatie the intruder making pursuit unneces.eary.

When not chasing intruders, the guardian maamao may spend much of' his

tlme fanning the clutch of eggs" applrently to insure adequate aeration

and. to looep the egg mass tree of silt. As pointed out in the section on
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d_elopment, the ttm. spent fanning seems to "Vary with the stage of

developnent of the eggs" and perhaps with other factors such as the

pressure l!!lX.8rted by intruders If

PenodicaU,y the guardian male maanao visually inspects the egg

mass to rflOOve defectlve or unfertilized eggs. During this activity he

faces the surface of the nest, examines it visually at close range, and

occasionally makes a short lunge forward, picldng ott the undesirable

egg with his mouth.

Preparation of an area. adjacent to an ex1sting egg mass, and

attraotion ot a femaJe to spawn on it is a fairly common occurrence

among guardian maomao. When such activi toy is obllel"'led, the previously

described. behavior tor site preplrat.i.on and pair formation is superimposed

on tmt tot" parental care. '!his often results in a frenzy of activi~

by the male maomao, espeeiall.y wmenhe is plagued with a largenu.mber of

predators attenpUng to invads his territo1"1. As many as five separate

broods have been obse:t'Ved under the care ot a single male maomao at one

time; however, spawn:1ng seldom extends over a period of mQre than 4. da,ys

after the first spawning.

When all of the eggs have hatched or have been removed as defective,

the male maornao abandons the site and no longer exhibits territorial

;'ehavior.

Apa1,ysis of lIi;omao Reprodqct;1v. Behayicr

.An analysis of some aspects of mAanao reproductive behavior is

undertaken at this t:ime in order to understand better the behavior of

this species in the light of present concepts of animal. ethology and to

compare certain aspects or maomao behavicr with similar actions observed
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in other fishes. Such an analysis may lead to a better understanding of

the significance of specific actions in the maomao and serve to define

more cJeu~ avenues or &ppt"oach to further research on the behavior of

this species.

In order to present an analysis of this type it will be necessary to

intl"Oduce some concepts and terms utilized by behaviorists a.nd deemed

neeessary to the follDYl1ng discussion. 'lhes. concepts were adopted

~use they lend themselves readi.~ to aid in the interpretation of

observations such as have been made in this study of maomao behavior.

These concepts have been introduced and dev~ped in various VJ<1r ks by

'l'inbergen, lorens, Noble, Baerends, and others; and have been sUlIll'.nar1zed

by tinbergen (1951, 1953), thorpe (1951), and Blerends (in Bf'ovm, 1957).

According to these behaviorists, both~ and internal. stimuli

are necessary to aotavate instincts. However, sinee ext-erne.l stimuli are

more readily observable, they are of primary concern in this study. It

has been found that of the malV external stimuli received by an animal

in a given sit.uation. onl.,;v a certain ffIW sC'V'e to release and direct a

specific response. 'lhese few st.im.ul1 are temed nsign stimuli If and act

as t'releasers" for they release a specif1c innate action in the animal

receiving them. Individual st:ltnuli have different values as releasers

of a definite response, d.ependtng on their various qualita.tive and

quantitative propct1es. ftnbergen (1953) shows trot during too breeding

season of the three-sp1ned stickleback, 9a!terosteus 8gulHtue. the male

asstW.ee bl'illiant nuptaal coloration. '!his includes red underparts and

shird.ng blue eyes, in contrast to previous drab coloration, while the

female aS8Uln.es a silyery gloss and displays an abdomen swollen with eggs.



'!he male then establishes a territory and conswcts a nest. When a

suitable female approaches the male he performs a dance around her.

By the use ot models it has been determined that the sign stimuli in

this caae are rather simple and. COnspLCUOU8, ae apparentJ.;v is the case

with mos t sign 8 timull When both the actor and reactor are animals ot

the same species. It lias found that a. aim.ple model, almost regardless

ot shape, with a red lmrer and greenish-blue upper side, would evoke

attack by the male or courting by the female stickleback, and in further

observations the red underside proved to be the most important character.

In the temale, the swollen abdomen is the most important amracter

oau.ai..ng the male to react. Thus the sign stimulus of the .male consists

prima.rily of a red underside, and this aots as a releaser, releasir.g

the female's innate drive to follow the male to the nest. 'the swollen

abdomen, in turn, 1s the primary character making up the sign stimulus

or the female which releases the next aotion in the reproduotive

behavior of the .male. A continuous chain of reactions of sign stimuli

displayed by the .male releasing actions in the female, which in turn

result in the sign stiJnu.l1 that release actions in the male, etc." is

illustrated by Tinbergen tor the entire repl"oductive process in the

three-spined stickleback.

Another concept to be util1sec:l is one which occurs when two

antagonistic drives of approxi.mately the same strength are aetivated

simultaneously in the same ardmal. Under such cireumstances so-called

displacement activit!es result in order to release the tension oreated

by the two antagonistic drl.ves. ihis displacement actlvi~ is in the

form of a third action, different fron'/. either that might result from
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the original drives. .An example of this 18 seen in border t.i.t.~ting

of the t1:ree-spined stickleback. A male stickleback, meeting a strang..

aWB:JT for his territory exhibits an escape drive, but when meeting a

stranger as an intruder to his territory he exhibits attack. A

meeting at the border of his territory elicits the drives both to

attack and to 1'1ee simultaneously. This results 1n a displacement

activity of "sand digging" Which happens to be the first step in nest

building and quite unrelated to both attack:t~ and fleeing.

Although these concepts are corroborated. by convincing experimentation,

interpretation of tbi3 results is SUbject to some controversy; however,

they are extrem.ely usef'ul and readily adaptable to some aspects of

observations mac:it on.maomao behavior, and therefore Will be utilized

in the following discussion.

1. 'lBrrl torialitv.

Examples of territoriality are numerous among the 'Vertebrates and

an. oomnxmly associated nth reproductive activities. In fishes, a

terri tol"j"', lfhich is generally defined. as any defended area, is commonly

established and maintained by substrate spawners tha. t guard their broods

during earl.v developnent. Territorial behaVior has been described in

a number of fishes by tbble (1938), and. in his examples he points out

that the male usua~ establishes and defends the territory. In additlon,

strong terri torial behavior is generall;y usoo1ated witb fewer eggs in

the spawn and marked sexnal dimorphism in which the male is most

conspicuous13 adorned (Noble, Ope cit.; Aronson in trown.. 1957).

The establishment and defense of territories by adult maomao has

been observed many times in the spawning areas at Oooonnt Island.



(sttppled areas in Fig. 1). '!he general pattern or activity is 0 ne in

which a mature male maomao begins actively to defend the area around a

suitable 5~wnin,g site. '!he defe...nding fish aggressivel3 attacks all

other fish inoluding his own species, which enter the roughly defined

lim1ts of his territory. 'lbis instinot for maintaining t.erritori_

seem.s to be stronpJ.y developed throughout the family Pomaoentridae

(Verwey, 193Oa), as is evident in the previous review of the literature.

'lb. size of the territory def'ended by the maomao seams to depend

lar,,;;ely on the locatlon of' the chosen site, and. the aggressiveness of

tm defending fish. It may also be inf'luenced by the density of other

terri:toriea in the vieini:tW /I the depth of the wa.ter, am the type of

surstrate. ~~t'"..n the site ohosen is on a sloping bottom, or vertical

concrete or rock SUbstrate, t,he territory is usuaJJ...:;r a region in a

sphere around t.":te nest wi th a d1.ameter of about 5 feet, although this

distance ranged from. 3 to more tmn 8 feet in some ce.ses. Li.m1ts of

the territory are often defined by prominent objects in the vicinity

such as protruding rocks, coral heads, am other structures.

'!he posit.ion of nesting sites chosen by male 1ll.B.CJ1UaO appears to

be controlled primarily by at least two factors; a suitable substrate

for the deposition and development of eggs /I and pro:ximi~ to some recess

tha t affords protection from a ppro.'J.ohine danger. The proxinrl.ty to t.he

normal maornao habitat also seems ro be of importance. The general

distribution of nests in a spawning area appears to be regulated by t.ie

availability of desirable sites and the pressure of males competing

for them. Breder (1936) describes a similar situation in a diseussion

of the reproductive habits of the Centrarehidae (sunfishes) in which

the distrlbution of nests is eontrolled by two antagonistic farces:
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(1) the centrifugal eft.at between competing males, and (2) the centripetal

effect induced by limitations of suitable bottom, and probably some fonn of

population hierarcny. In addition he found that the position and form. of

the nests constructed 'by the male sunfish are influenoed by a large

number of purely physieal factors in the environment including temperature,

sunshine, depth of water, rate of flow of water, n,9.ture of the bottom_

EL'1d proxt.mity of proteo.ting objects.

Evidence of the faotors eontro11.1ng the distribution of maomao nests

wa.s obse1"V'ed a number of times during the breeding season at the Southwest

Point spawning area on Ooccnut Island. When or.cly a few nests VJere

observed in the area, they we1"e well distributed among the most desirable

locations; however, when the area was crowded 'With spawniq; fish, and

the better sites all taken" a number of clearly less desirable spawning

sitea were ooeupied.

'!he 1:imitation or suita.b1e apace to m.eat the m:i.rd.mum requirements for

spawning sites and accompanying ter1"1tories I'i1J£Y limit the number of maomao

spawning, and, indirectlyJ the size of the population, although only a

few ob8el"'Vations support this hypothesis. One example that may apply is

that of th e West Reef spawning area (Fig. 1), which apparently contains

a very l.i..mited nu.m.ber of suitable spa:wflirl..g areas. 'lhasa sites are

restricted to three diflearded sacks of concrete that had been thrown

into a large, de~e growth of l:br'l' n.~~ coral. '!he sacks disintegra.ted

leaving their hardened contents .9S very suitable spawning surfaces for

the large population of maamao t'!"lat inhab:i.t this area. 'lhe fact tha t

a.ll of these sites eonte..1.ned egg masses almost whenever they were observed,

inaluding one period when maomao spavrrdr..g elsewhere 'Was rare, sugges ted



that the competition for space on which to spawn was high in this area,

and perhaps even lim1ted the number or fish able to spawn. Sinoe no

other suitable spawning sites are to be found for some distance around

this site, it is possible that migration is lirrited. and such competition

fat' spawni~ space does exist. Furth.. observations of this situation

and others like it are necessary before this hypotMsis can be accepted

or rejected.

In a discussion of the space requirements for territories by

eichlids, Baerends and Baerend.8-van Roon (1950) point out that the number

of fish that beoome dominant and establish territories depends on the

size of the available area, and also the size of the fish establishing

territories, since the larger fish S..€A to ocoupY larger territories.

Brader (1936) observed that in centrarch1d spawning, if only a few fish

are spawning, they distribute themselves equall;y aver the most desirable

areas. As more individuals begin to spawn, the territones become more

crowded together, and less desirable locatione on the periphery or

the moe t sui table area are oceupied. Fi.nallyJ a point of saturation is

reached, ani when too many fish are crOffded together to spawn it was

found that the ger:dtal products were resorbed into the gonads, and

sp.:'1wning did not take place. In this way, the population is limited

8..1'ld yet the reproductive potential is retaiJ.led in reserve to help

stabiliBe the population in case of heavy mortal!ty.

As previously stated, maomao seem to OCOllP;V the most desirable

spawning sites first, and then as the number of individuals spawning

in a given area increases the less desirable sites are occupied. The

total number of established sites in the Southwest Point spawn:tng area

172



173

were never aU occupied at one tim., and theretore, a situation in which

extreme compet1td.on for spawning space existed was never caretully

ecruUnized.

Some puzzling obse1"9'at1ons were made in regard to the prioritu with

which spawning sitea were chosen and occupied, which did not conform to

the general pattern described above. On one occasion at the Southwest

Point spawning ar., a maomao "nest" was observed on a very undesirable

site while choice sites rsnained unocoupied nearby. In this case the

eggs were deposited. on a small fragment of concrete that had broken off

of the retaining wall and was protruding out or the muddy substrate.

Besides being of ina.dequatil size to hold the usual n.unber of eggs spawned"

~ parent .t'ish had ditficul~ in attempting to keep them tree of silt.

Another example ot a poorly chosen site in the midst of an area containing

bette1' sites I was -obseNed on a reef in the eastern portion of Kaneohe

Bay in SeptemberI 1954. '!he spawning s1te was in th& center ot an oval

sandy area about 12 x 15 tEMtt, and surrounded by large headEJ of Portte!.

l;obata and !. compressa.. '!be depth or water was about 10 feet OV'er the

sanet' area, and 6 to g feet over the surrounding coral. 'lbe eggs wera

deposi ted on a small dead head of Porit!! Sl9JllPrus, which was being

vigorously defended by a guardian maomao. '!'his location seemed to lack

both oharacteristics of sites ohosen by most maamao; a suitable substrate

for the deposition am develorment of eggs) and proximity to some recess

affording protection from approaching danger. !he cause of suoh a.pparently

aberrant behavior in the ohoice of a spawning site is obscure and requires

a more thorough knowledge ot the stimuli responsible for initiating

reproduotive behavior in the male maomao.
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Sone evidence exists among the pomacentrids of the establishment of

territories that are not directly associated with reproduction. Among

the anemone fishes, £!:mphimon E!£cuJ:! display's a certain degree of

territorializing, even though a pair may inhabit a large individUal

anemone with five or six other fish of the same species. It. strong

territorial!ty is also displayed by !J:snn.al !?iI:apu1eaY!! which 11ves

between dense patches of Agromra hebes and does not hesitate to attack

any intruder in its territory, inc1udtng a human diver, (Verwey, 1930&).

Strong territoriality has been observed in PC!fj.}§.C!nkus jenldnsi Jordan &.

Everman."1j however, it is uncertain if this behavior is associated with

rerrodl.lctive activity. Jtbis Hawaiian species usually fol.lows a solitary

existence, and on a number of occasions individuals have been observed

vigorously defending a territory in their shallow water habitat. On one

such occasion in October .. 1955, a mature f.• .1..!A!d.ns~ was observed on

Coronut Island reef ardently chasing a large number of fish milling around

its territory. Because of the apparent interest in the area shown by

all of the fish in the vicinity, the defending pomacentrid was suspected

of euarding a clutch of eggs; hoviever I a. thorough searoh of the 8 i te

fEd.led to re'lleal any suoh mst. 'lhis fish was then captured. and subsequent

d.1.ssection revealed that it was a moderately ripe female. Since no other

indi,ridualof tl'd.6 species was observed in the vicinity, it is assumed that

U'is fen'.a1e had established a territory for other than reproduotive

purposes, or that the pattern of reproductive behavior in this species

does not follow tM t reported far other pomaoentrids in which the male

predominates :In the establishment and maintenance of a territory.

It is assumed that some selective a.dv'antages are conferred on a

species 'by its establismlent and defense of a territory in which to mate



and spawn.. and therefore.. theee a.dvantages are briet4t rm.ewed with

comments on their applioatial to the .m.aomao. 1be establishment of

territories may 11.mit the breeding population according to the available

s~oe and suitable substrates" and in this 'Way may exercise a control

of the population so that it does not increase beyond the carrying

capaoity ot the habitat. Although some areas se. to present almost

unlimited surfaoes suitable tor egg deposition" other factors such as the

proxlmi tar of shelter for the guardian fish.. and the ocourrence of

PJ'edators may make such areas hazardous tram the standpoint of sLlI'V'ival.

Conversel,y.. t.~ establishment and oocupanoy ot a territory for a period

of time g1.ves the occupant a familiarity with the area tln t puts him at

an advantage in defending it and hiding trom dangerous predators. Also,

an established territory, which nearby potential predators learn to

respect, affords an additional advantage to a guardian fish in protecting

his brood. In the maomo .. establishment of territories may l:i.mit the

spawning population and thus oreate a. reserve of mal. and females to

insure population stability in the case of urm.eual morta1it\r among the

spawners; however, observations thus tar indicate that this probably

does not apply in most oases with the maomao as previous4t pointed. out.

'!he established territory ma:y a1.8o afford the defending fish a feeding

advantage, creating an area for his exclusive teeding; however, this

may prove to be of little advantage to the maomao as often the pressure

of intruders i8 80 great that he has little time to teed and is busy

in almost constant pursuit. Also, as pointed out in the section on

feeding habits, this SIB eies often rises towa.rd the surface in pursuit

of certain elements in the planktDn, and in such ca.ses being restri.e'ted
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to a territory near the bottom might prove to be a disadvantage. Finally,

an increased derensive vigor in fish associated with the establishment

of a territory and the onset ot sexual activity allows it to defend better

its cho sen area and thus insure max1.m.um survival of brood. Increased

a!!,gressiveness during spawn:tng coupled with a tamiliarit\}r of the territory

both seem operative in conferring survival advantage on the guardian maomao

and his brood.

2. Aggressive beharlor in detense ot a territory.

1M f'1rst behavioral manifestations at the activated reproductive

instinct appear to be aggressive aotiol'lS utilized by the m.a.o.mao in the

establishment and defense of a territory. 1hreatening and chasing are

the main forms of aggressive behavior observed in the maomao, and trese

appear to be ,~reatly intensified during certain per1.ods in the brMdi£1.,g

season. When a certain level is reached, this aggressive behavior serves

a definite purpose in the .male maomao: it results in the exclusion of

all other fish from. an area on the substrate necessary for successful

J'rl.!l.ting and propagation of offspring. As previously mentioned, only the

male takes the initiative in maomao reprOdUctive behavior, with forcefUl,

pugnacious actions, while t18 f4lnS.le r9'!lains large1J7 passive.

Increased aggressiveness associated with his reproductive state

confers at least two advantages on the male mao.m.ao which aid him. in the

establlshment and maintenance ot his territo17. It permits him to rise

above his usual shyness and possible suoordinate posit1on in his nomal

social hierarohy; fishes in the area soon learn to respect him and. his

defemed domain. Also, it allows him to became increasingly familiar

with the one area which he is defending, and thereby, he places himsel.t'



at a definite adVantage over the casual intruder. Every advantage

possible is required when attempting to protect a large number of eggs

that are high~ prized as tood by a great number of reef fishes.

Aggressiveness associated with reproduction in fishes is usuall.y

in the torm of a bluft or threat, and combat involving physical contact

and result.ing in injuries is uncommon ('l'1nbergen, 195'). 'lhis was

confirmed in numerous aggressive acts obeeNed in maomao in which

actual physical contact was sel40m 0 beeNed. On1.;y in the so-called

'fldssing behavior" (described later) did suob contaot appear dell.berate.

'Maomao aggressive beha:vior may take two forms as previousl;y mentioned;

that of threat, 80M an extension ot threat, the chase. A great deal of

variability extsts in both ot these forma of aggressive behavior.

How_el', repeated obsel"V'ations revealed that belligerant acts ot male

maomao are expressed at three levels. (1) rapid. and fol'cdul chasing.

with close contact maintained between the pursuer and the intruder; (2)

reserved pursuit, in which the defending fish does not swim. as fast or

as far, and close contact with the pursued fiah is not made; <:3)

threatening, with little of no pursuit. Aggressive behavior varied

between individuals at the same site on different occasions, and among

guardian males on adjacent sites at the same time. An example ot the

latter ease was observed at the Southwest Point spalming area, where

two male maomao simultaneously guarding their respective b1"oodS at

sites 1ftJ-1" and "0-2" were observed to react quite differently to what

appeared to be approximat~ the same stimuli. This took place when an

invader entered the territory of one fi sh, and after being chased away,

entered the territory of the second fish in sOOnt the 8ame.manner. 'lbe

177



178

tirst JDaOmao pursued the intruder in a very reserved manner; however,

when the intruder entered the territory of the second maoEo, he was

threatened, and almost before he had a cha.nce to react, he was attacked

and forcefully chased tram. the territory.

The circumstances surrounding these occurrences may shed some light

on the cause for such differential behavior. The .f':1rst maomao was a normal

colored male guarding a small clutch of eggs whose color indicated th£lt

they were in an early stage of deYelopment. 'the second maoma.o guarded

a larger clutch of eggs in a later stage of developnent, and the colora­

tion displayed by this fish was the pale blue or a mating male. Further

observatioN' confirmed tbat the stage in the mating sequence, or what

might be called the "reproductive status", affects the belligerency or

a guardtng fish, with the peak of aggressiveness coinciding with the

peak of sexual exeitement just prior to and during .rnating. 'lhe blue

coloration of the second rnaomao described aboV'e, indicated this latter

state. Despite repeated observations, no consistent relat:tonship "as

revealed between the numbo:r "r stage of development of the eggs per se

and the plane of aggressiveness of the guardian fish.

Another factor tmt seems to influence the level of aggNssiveness

in tm gus rdian male maomao is the amount of pressure exerted by intruders.

This is lUllS trated by observations made at site "0" in the 'l\ma Pond.

spa:wning area of a guarding maomao, on three consecutive da.jI~S, during

periods in both the mornin..~ and afternoon. An aggregation of about

fifty maornao, accompanied. by a number of other fisbes" was seen actively

feeding in this area during the three mrning observation periods, but

had dispersed in the afternoon. 'lhese fish were feeding adjaoent to
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the guarded area at site "C" and the guardian maomao was kept busy

forcetu]Jy chasing individuals invading his territory. !bring the

afternoons, when very few fish could be seen in the vicinity I the guardian

fish displayed a. greatly reduced state or aggressiveness. 'this correlation

between guardian aggressiveness and predator pressure was oorrobora.ted

b'lJ similar observations on two other occasions.

'the stimuli required for the release of aggressive behavior associated

with reproduetlon appears to be primarily visual in nature; however, the

relativ. infiuence ot various components of the visual stimuli as releasers

has not been determined. lAlring the course of observations, aggressive

behavior was demonstrated by the lllaOBU10 toward all of the common species

of reef fishes entering its territory, with the exception of some of the

aoanthuridB, notably the common ftmanini It , AqanthUl'!:!I ans:l:!!'!censis Streets.

Fisheo p.u'sued included other po:mace.atr1ds J butterfly fishes (Chaetodontidae}.t

wrasses (Iabridae), parrot fishes (Sca.ridae), goat fishes (li!ul.ll.dae),

mullet (Mugilidae), an1 other less common fishes inc1.ud:L~ the spiny

puffers (Diodontidae). On two oCCasiollS, maQl'.l18,() were observed attacl'..iqs

spiny puffers (Diodon sp.) which appeared more than twice as large as the

Wending maomao J and a very uninviting target. In both eases the

derendt~ maomao rushed at the puffer, stopping about six inches shor t

ot the intruder. '!he mao.rl'.ao then turned and circled al'OlUld to repeat

his blurf, and after he had made three rushes at the puffer" the puffer

turned and slowly swam. away.

The size, shape, 00101' pattern, and actions .rnay all contribute to

the recognition of potential predators by the guardian maomao, and thus

allow him to reserve his energy for attacking only those predators
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potentially dangerous to his brood. Guardian mao.m.ao never seem to be

bothered by the small, plankton-feeding atherinid, Pranesus wu1aryJn

(Jordan &: Evemann) that frequently passes through its territory in

large numbers. Also, the juvenile stages of species normally attacked,

such as DasC11.l»:! albiselll Gill, are usually ignored. by a guardian

maomao until they reach a length of about three inches or more.

As rrevious:J...v mentioned, some of the aeanthurids appear to 'be

recognized as harmless to the maomao brood. and casually pass through

the terri tory of a male maanao u.rmolested. As the manini is the most

common acanthurid around the maomao spawning sites, its relationship

to too guardian maomo has been observed. most fr~uently. On one

occasion, two manini were obServed feeding within 6 inches of a reoently

spawned maomao ee-,g mass without causing any aggI'essive action by the

male gmrdian. In another instance of this apparent lack of aggression

toward the manin:1, a male maomao preparing a nest at site "B" in the

'lhna Pond spawniq; area was seen grazing algae off of the substrate

while a manini fed alongside him in the same manner at a distanee of

only a few inches. Randall (1955, p. 280) points out that the manini

is an obligate herbivore, and would not feed on the eggs of the maomao

when afforded the opportun11(r. Apparently, the' manin:1 fails to release

the aggressive drive normally released in too maomao by most other species;

however, the nature or the sign st.i.m.ulus in the manini was not determined.

Apparently, this sign stimulus can be neutraliZed by increased aggressive­

ness in the maomao, for when a defending maomao is being hard pressed

from all sides by int1'Uders, he has been observed to chase manini from

his territory•
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Reoognitton between guarding maomao and some potential predators is

apparently mutual. and in such cases a threatening display or perha.ps a

very limited chase is sufficient to 08.l18e intruders to avoid a defended

area. Such limited aggressiveness was seen displayed in the presence of

five goa t.f:tsh sw:1.mming along the bottom toward Ii "nest" a.t site nU-2" in

the Southwest Point spawni.ng area, and illustrated in Figure 200. The

guardian maomao moved tow'ard the intruders a short distance with elevated

dorsal spines" and the intruders immediately recognized the threat and

changed the direction of their m.ovenent. '!he guardian maomao gradually

turned so that he continued to face the intrwers until they passed.

'!he actions of a guardian maomao were never observed in the presence

of some of the larger, more voracious predators such as moray eels and

eha.rks J however.. a human diVel" in tM area often inc:tted curiosity from

the gua1*dian maomao which caused him to proch4 cautiously out f1"Om his

spawnin'7, site and haver in the water. As soon as the dtver moved c108.1'' ..

an alarm response was e:xhibited, and the gua rdian maOO1B.o.. as·well as other

maomao in the vicinity; tled to the protection of recesses in tre substrate.

One of the puzzling aspects of reproductlve behavior in the maomao

is tha t involving the establishment of two spawning sites by separate males

inclose pro:ximity to each other while .rr.any other established spawning

sites in the area are unoccnpied. Such a situation was observed. in May,

1957" at the Southwest Point spawning area on Coconut Island, where two

nests were observed on a portion of the fa.llen retaining waU. at sites

"M_llf and "M_2" within about on. toot of each other. '!bia situation is

apparently uncommon in other groups ot substrate spawners such as the

eentrarehids and the ciehli&J in which a uniform. spacing is maintained
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between n.es ts and territonal litnits are d.tined am. sustained by means

of border fighting (Breder, 1936; Baerendl and Baerends""'Van Boon, 1950).

In the case cited above, it is difficult to visualize how t..~e

second maomao in the area. was able to establicm his territo1"Y, if indeed

a territory Vias established. UnfQrtunately, this situation was not

observed until atter both fish had persuaded feJ'll..ales to spawn at their

chosen sites. It was interesting to nete that these two male maomao

did not exhibit any partieul,'1r antagoniwn toward each other whi16 caring

for their respective egg masses during the short period they were

observed; however, when one male attempted to attract a .f8Ilale onto his

spawni!l.g s1te fer the purpose of add!tioroal SpaWfl..ing, the ot-i.er male

displayed aggressive action, and it appeared as though he began to chase

the female. It wu not possible to be certain or this activity, as the

rapid chasing aet:ton alJIays involved at least three fish, and in the

resulting confusion, it was impossible to determine who was ehasing

wham. Since further observation was not possible on this or siw.ialr

situations, difficulties involving the maintenance ot adjacent territories

in close proximity to each other were not resolved. Sinee a number of

egg JIl8.sses have been obeezwved fairly close to eaob other in deeper water

areas at Waianae and Lan:L!{~.1, OahU, it may be thn t under certain condit.1.ons

some sort of social cooperation is established whereby Illutual defense

of two or more "nests" is accomplished by some sort of division of effort.

Such a system. would require a more complex system of recognt ti.on, probably

involving a distinct sign st:Lrnulus for cooperating males.

3. Mating Behavior

'!he primary purpose of ~ting among maomao is simply to have a



male and a temale brought together in the proper place a.t the proper

time tor purposes of reproduction. In en analysis ot the courting

behavior or the maomao, a general sequence ot events is revealed leading

to the ultimate goal of a. simultaneous release of gametes by the .male

and female at a pre:r:nred sp1 wning site. 'l'his sequence of events includes

the following I (1) recognition ot a gravid male by a gravid female, and

vice versa; (2) aggressive persuasion of the temale by the rt'.ale; (3)

subnission by the female to the m.a.le's persuasion (the female 8utr..its

to the male's aggressiveness and attempts appea.seJmnt); (4) dtreetion

of the temale to the spawning site by the male; (5) .final acceptance of

the female by the male at the spawning site. In order to accomplish each

ot these steps, various sign stimuli in the tom of nuptial coloration,

postures, and .maneuve1"S must be displayed and executed in the proper

sequence by the mating .maoJrlAO. Maomao mating behavior is, therefore,

analyzed from. the standpoint ot these sign stimuli in so tar as they have

been revealed during observations on this species.

a. 1\ilptial coloration.

'!he most striking morphological expression ot sexual readiness in the

male maomao is a rapid and marked color change. Such color changes are

secondary sexual characters associated. with the onset ot aemal m8turity

and the aptroach ot a peak of reproductive activity. '!he exact timing

of this color change is not well understood. '!he m.als ma.oma.o 8eems to

assume the nuptial coloration gradually after the establishment of his

terri tory and a period ot si te preparation at about the ttme he begins

to execute mating .maneuvers.

Although this nuptial coloration displayed by the mat.1.ng maomao is

quite varia.ble J most of the variability is quantitative, and repeated
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obeerY'a ttODB revealed the following apparent consistencies t the pale

bluish-gray hue is mst evident dorsally, while the ventral half to one

third of the body usually remained pale yellow to white] the black blotches

on the sott dorsal am anal fins remained distinct, although other black

marJdngs faded to a pale bluish-gray, often to the point of imperceptibill.tyj

the margins of the soft dorsal, caudal, a.nd anal fade to whitish; the

bluish coloration appears to be more intense in the region of the pectoral

insertion and dorsal portion of the head; during per:l.odl!J when the blue is

very intense, the spinous dorsal fin appears whitish.

'!'he aS50eia tion of nuptial colora tion Wi tb the elaboration of gonadal

hormones has been quite well established by a:perimental work wi ttl the

teleosts. (Dodd, 1955; Hoar, 1955; Odiorne in Brown, 1957). 'lhe mechanism

by wl:ich this color change takes place in the maomao has not been

investigated 5.n detail. However, a eompqrable colDr change has been

observed in the eichlids by Baerends and &erends-van Roon (1950). '}hey

were able t"o dis ttnguish six seplrate types or systems of ehromatophores

in the e:tchl1d.s studied, and attributed various color changes to changes

in specific systems of ehromatophores. One sp'c:ies they describe,

Oichlasoma, seyeruJ! (Haeekel) displays a color change roughly comparable

to thG1t of the maomao, and they attribute a change from green to blue in

this oichlld to the expane1.on of melanophores and melanoiridosom.es of a

type 'Whie..~ are large, deeply situated, and regularly associated with

rapid eTh~nges in coloration.

Since mutua.l recognition of a gravid male and female is the first

step toward mat3.ng and reproduotion, the role of nuptial colaratd.on as Ill.

mark or recognition warrants first ooneide:r'ation in this discussion.

Noble and Curtis (1935) conducted experiments in whioh the nuptial
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ooloration ot the jewel fish, HpigJuygs l?1m@.cul§.tus, could be controlled.

'l'bey were even able to induce nuptial colora:t.1.on in males that exhibited

no courtship movements. From this stuc:tv they tound that females

responded primarily to color, that they chose the most hig~ colored. of

several possible mates, and that no response was ina1ted. by the m.ale·s

courtship movements in the absence of any' color. In a further ana13sis

of nuptial coloration in this species, Noble (19.38) believed that colors

may sel'V'. to emphasize gestures whioh are essential to the tormation of

nuptial bonds. Aoooroding to Tinbergen (1951, 1953), nuptial colore.tion

serves as a mark of recognition by which a female recogrdzes a sexually

ripe male 'Who has prepared a nest. In addition, however, nuptial coloration

also serves as a sign stimulus by which the temale is "released" to move

into the vicinity of the male so that he might begin the next action in

the series that leads tm female to the nest and results in spaWI'.ing. In

the oase of the three-spined stickleback (Gasterost!Us acultatlls), a

simple visual stimulus of the color red a.ppears to be sufficient to actuate

a response fr<rn a ripe temale, as was shown by presenting a ripe female

with a crude red. model in the experiment prev.iously described.

Nupttal colaration in the courting maomao was obser'Ted a number of

times, expr:oessed in various degrees of intensity, and coupled wi th various

maneuvers; however, its relative importanoe in reoognition and persuasion

of a female in relation to other sexual gestures was not determined.

Failure to determine the exact role of nuptial coloration was apparentl¥

due to the extreme shyness of the maomao, and inexperience of the o1::server

with techniques employed in an:lmal behavior studies. Attempts to place

an,Y objeots in the water, regardJ.es.s of their shape or size, resulted in

an immediate alarm response by maomao in the vicinity, and a. cessation of
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normal activitg.

Observa.tions suggest that since nuptia.l coloration often intensifies

rapidly during certain maneuvers, it is probably not a stimulus per Be for

recogniti.on or persuasion, but rather is coupled with maneuvers to give

emphasis to the key gestures that serve as sign sttmnli • Such a hypothesis

l'Blps to explain some of the variabili tq in intensity with which nuptial

coloration is displayed. If color alone was utili..o. to st3m.ulate a

renale to recognize and enter into a spawning situatton, then it .might

be expected that the intensity of coloration would affect the rate at

which mating was accomplished. lbt this does not seem. to be the ease,

although observations on this point are not adequats. In a few cases the

bluish hue appeared to be hardly noticeable, and yet mating seaned to be

successfully carried out with about equal ease and dispatch as When nuptial

coloration was intense. In such a caSe a substitute must have been made

for the color stimulus. An example of such a substitution of one set of

stimuli. for another set without affecting the response is given by Baerendf;

(in Brown, 1957). He calls this phenomenon "heterogeneous summation lt ,

and. c1tee an example in the eichlid$ in which the tail beatu'lg at a male

showing no sexual coloration has the same effect as a quietly posttring

male Wi th intense nuptial coloration. Applied to the maomao" sane

addi tional action may be effeetivel;v substituted for the blue coloration

in the male to obtain the pro~r actions to result in pair format1on and

reproduction. Further observations and carefulJ.y designed e.xperiments

are necessary I however, to confirm the aistence of such phenomena in

.m.aorna.o courting behavior.

b. !Doping, zigzag sw.i.mming, and vertical stance maneuvers.

Various eanbinations of the basic looping, zigZag, and vertical stance

maneuvers (Fig. 27A, B, and 0) have been seen executed fftJ the mating male



187

maomao, and tihey all appear to be manitestations of the reproductive

drive. In moe t fishes with a similar reproductive pattern, the mai.

initiates acti.on leading to pair formation and must persuade a female to

join him in a cooperative act. As previously pointed out" the male's

persUAsive actions ma;y be rather aggressive in nature, and therefore,

the female must appease the male in order to be courted. '.!hese ntar'.tEJuvers

of the male maomao, which m quite aggressive, are apparently intended

to persuade tt. female to mate am direct her to the spawning site.

Various combinatione of the basic maneuvers, some in:volving both the male

and female maomao, were repeated1;y observed during the courtship of maomao,

and some of the more common patterns of behavior are illustrated in

Figure 26A..,. '.!he looping and zigzag maneuvers appear to be the primary

mating aotions or signals, judging from the frequency with which they were

observed executed by the mating male maomao, and the vertical stance was

least observed.

'lbe vertical stanoe gesture (Figures 270, 280) was always exeouted

near the border of the male's territory J and it waa never combined with

other maneuvers, nor was it ever observed to induce a female to follow

the male back to the s~wning site. A possible explanation of' the vertical

stanoe behavior is proposed, based on ita ti.ming and location. As

previously pointed out, when mutually inhibiting instinots are activated

simultaneously by intense mot1vationa, an aotivity associated with a

third instinct may result (Tlnbergen, 1953). In th.i.a case" it is

suggested that the two motivations in the male maomao are the aggressive

instinct to drive orf nearby intruders, and the mating instinct to attract

a gravid female into the nest. 'lbe simultaneous activation of' these two

instincts, may be what causes the activation of another form of behavior
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displaoenent aotivi tw in the form of the vertical stance. 'lbe significance

ot this third action is unknown, and its explam tion would require further

obseNations. The vertical stance might also be a simple threat or

recognition signal, but this explanation is discounted because this gesture

was so infrequently observed.

Otten the various patterns of behavior involving these maneuvers by

the male maomao would fail to incite any visible response from the female.

It should be pointed out, however, that the male was the Jrimary object

of observation due to his conspicuous color and behavior, and the famale

was not always distinguished as such until she reacted to the male's

persuasive actions a.nd approached him. EXAITlples of maneuvers which

stimulated no response from. famale maomao are illustrated in Fig. 28A-e.

The simple Zigzag swilnrrJ..ng m.a.neuver was never observed to cause a fOOl3.le

to follow the :male back to the spawr.ing site, and it is, therefore,

suetSes ted tha t this may be a preliminary or preparatory disp1£:;,y by the

male for recognition and/or to arouse a female.

!Doping is apparently a more adVanced persuasive ml.muver as it

appears to be the most successful action by the male in attracting a

fenal.. Figures 28D--l illustrate the maneuvers of a male maom.ao resulting

in the successful attraction of a female, although in some cases permanent

mating did not result. A aharacteristic ot all of these maneuvers ,with

the exception of the vertical stance, 1s the rapidi14V with which they are

performed. Orten tlwse maneuvers by the male maom.ao are a.ccentuated by

an increased intensity ot the nuptia.lcoloration.

In some cases during these l!'.aneuvers, the female joins the maJ..e in

his looping, (Fig.2BD). However.. due to the rapid action or the pair.

it was never possible to observe which fish was leading during the looping.
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'lhe .!'nO st common patterns of behavior observed were those illustrated in

Fieure 2SE, F, in which the male loops while swimming away from the

sp!lIn:t.ng site and meets the female near the periphery of his territory.

'lbe female retreats before the male a short distance, attempting appease­

ment, but as soon as he turns to swim back to the spawning site, she

turns and follows him. closely. He.may return directl;y to the netBting

site, or may loop on his return. 1he most camnon occurrenoe during the

male '. return to the spawning site with a female following is to have

the male repeated.ly turn and chase her a:way, but eventnally allow her

to arrive at the spawning s:t te (Jl'ig. 28').

c. 'l'ail-on-ta.ll chasing.

A typical action of' a pair of maomao in which tne female has just

been acoepted onto the spawning site is chasing of each other in tight

circles over the surface of the spawning site, or tail-on-tcdl chasing

(Fig. 27D). 'Jhis is interpreted as a continuing act of appee.sernent by

the fetll..ale, and it may serve as mutual stimulation to i.nduCEl srawning.

'!his chasing behavior only lasts for a few seconds and may result in

th€~ rejection of the f8l1a.le from tm site. When. rejected, the f81nale

ei theI' swims away from the area altogether or she travels to a point a

few feet away, usua.1ly returning after a short tirfl.e. 11'.is circula.r

chasing is usually repeated until the male i8 finally appeased or the

female becomes d.iscouraged and does not return after being chased away.

On the second of April, 1957, a female at site 11M-I" in the Southwest

Point spawning area was observed to be chased from the site six tiJnes

after tail-on....tail chuing before she was finally discouraged and did

not return.
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lbre than one female may follow the male back to the spawni.ng 8ite

afternthe execution of courting maneuvers, and it was not unusual to See

a second, and even th1rd maomao (all assumed to be temale) ocoupy a

nesting s1 te simultaneously with the established male. Such situations

involving supernumerary fsnalea occupying a site simultaneously were

observed to be short lived and always resulted in the expulsion of all

of the occupants by the male guardian.

4. Parental care.

Parental care in moISt animals is t1'e manifestation of both internal

and external stimuli; the fonner, probably hormonal in nature, creates

a "reproductive mood"" while the latter produces more specific responses.

An example ot this is seen in the maomao by comparing the reactions of

individuals ot both sexes when confronted with an unprotected maomao

egg mass before and after they are conditioned for parental care. 1b

the uneonditioned., non-breeding maom.a.o such an egg mass is a highly

desirable source of food and its visual and perhaps chE.fIlical s ti..m.uli

ino1te an immediate feeding response. 'lb the mao.mao who is properly

condi ti.oned by internal stimuli, the very same external stimuli release

a. number of responses which are all manifestations of the parental

instinct, including tamdng ot the eggs, picking out defective eGgs,

protecting the brood from predators, etc. In this discussion, an at.tfil'npt

will be made to define the nature of the external stimuli instigating

various phases of parental care.

In questioning what stimuli induee a male to guard a clutch of eggs

in a given territory, investigations involving fish with such habits have

shown that both innate and learning factors are involved. It is

191



192

instinct1ve :tor the three-spined stickleback to seek out a plaoe in

shallow water with liberal vegetation; however, the relative position

of objects in the surrounding area are learned by the defending male and

it 1s only when stimuli from these objects are coupled. with those of an

intruding rival that they cause the male to initiate an aggressive

defense of the area ('l5.nbergen, 1953). 'lhis was demonstra.ted by placing

two fish, each guarding sepa.rate territories, in separate glass containers

and bringing them. together, first in one fish's territory, and then in

the other's. When brought together in 'n,rritory A, the guardian of A

tried to attack the intruder, B, and B attempted to flee. When brou:";ht

together in territory B, the situation was just reversed, and A attempted

to flee while B attacked. In this case the same innate behavior is

modified by external stimuli to produoe very different results l'Jhen the

same 8ituation is modified by different surroundings.

Care of the brood appears to be primarily an instinctive drive

actuated periodically by internal stimuli during the breeding season;

however, evidence ensts that learnkg 1s involved in the discrimination

of the eggs and the young. 1he jewel fish, HlQ1ehrCSI WMCUMtuS Gill,

cannot distinguish the eggs of other ape cde. of cichlic1s !'rom their own

until the eggs reach a certain stage of deve1opnent, and then they only

recognize them by mea.ns of the size and color learned from previous

spawning experience. If' eggs of a pnir spawning for the first time are

removed and tm eggs ot another species are SUbstituted, they will rear

the substituted eggs, but in subsequent spawnings they will fail to

recognize their own due to previous learning, and will eat them (tloble

and OJrtis, 1939; Tinbergen, 1953). 'lhere is further evidence that
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recognition of the eggs depands on the rt8ual aeui tq ot the parent. In

same of the oichlids the eggs are examined and removed by the guardian

when they beoome defective and turn white.

In an attempt to identifY the stiwli which cause a guardian maomao

to undertake various kinds of parental care, some simple experiments were

attenpted.

Some factors in both the territory in general and in a specific brood

appear to stimulate parental eare in fishes that attach and protect their

eggs during incubation. In order to determine if the maamao received a

greater stimulus from. the egg mass per se, or from it in relation to its

relative position to surrounding objects, egg masses that had been

deposited on experimental oonc:rete spawning slabs were moved from one

location to another and the reaction of the guardian fish obsel"V'ed. One

slab chosen was located at site '"<<If-2 ft in the Southwest Point spawning

area (see Fig. 23) and it contained a moderate siZed clutch of eggs that

had been 8p,lwned about two days previously. This brood was exchanged 'IIi th

an unoccupied spawning slab at site '~'l-l", which was located about four

feet further along on the same coral ridge. 1'his transfer was made vdth

a mini..mum. of distur'bance by hooking the wire handle constructed on the

spawning slab f(;J!' this purpoDe with a. lOI\g handled boat hook. 'thus the

slabs were exchanged in a ffJVf seconds without removing them from the

water. lhri ng this tZ'ansfer the guarding male maomao 1"etreated to a

re:tu,.'Ze in deeper water. Although t.li.e intAllrvening acti'\rities of the guarding

male WElre not clearly obsel"V'ed, he returned. to hie displaced brood in aoout

ten minutes and resum.ed his normal parental care. On the following day,

this same slab contai..'1i.ng the brood, now located at site '111-1", was exchanged

with a vacant slab at site 11lr1-3 tt , also on the same ridge, hut aoout pine



feet away f'rom site If1jl-l". Unfortunately, a large number of f'ish"

including a: number of other maomao, were milling around in the area,

and they im.media tely proceeded to consume the transferred brood. 111e

guardian parent could not be observed, and it was not determined

'll'lhether he abandoned his brood because they were moved too great a

distance and he muld not locate them, because they had been destroyed

before he had a chance to find them in their new lDeation, or for other

reasons. '!'his experiment did indicate that the parent fish continued to

recognize his brood, as such, when mewed a distance of four feet. It is

not implied that he recognized the individual eggs, as the sti.m.uli mJJY

be more generalized than that; in fact, such a disowned guardian In.&Y

have been attracted to any UIla.ttended brood in the area.

In o1"der b> apecify further the nature of the st.im.uli inducing

parental care, and }X>ssib];r to shed aome light on the acuity of maomao

vision, an artificial egg mass was attached. to one or the concrete

spawning slabs. ibis was constructed by gluing small whi 'be glass beads

onto the slab with waterproof g1118, and. spraying them with black paint

to produce the general color of a mass of maomao eggs in an advanced

st.age of developnent. Unfortunately, the only glass beads that could

be obtained were roughly rounded, 2.0 mm. in diameter, and perforated

with a single large hole, about 0.1$ mm. in diameter. 'lhese beads were

8om./m t larger than maomao eggs, which average about 1.2 mm. in length

and are elliptical in shape. 1his artificial egg mass was placed in a.

tank through which sea water was circulated for a. period of two weeks in

order to remove any possible soluble rosidues from the glue or paint.

'ihi.s preparation was then exchanged r..,r a live egg masS of' approxima~

the same size and color a.t site "U-2" in the Southwest Point spawning

194



195

area. '!he live egg mass was removed from the area. altogether. The

guardian fish remained in hiding chlring the exchange, and since he did

not display a distinctive coloration, he could not be identified

afterward; however" none of the maomao returning to the area shovred

more than a brief curious interest in the artificial brood. A short

time after the exchange, a disturbance was created in the \Vater and

observations were terminated until the following day. 'lbe next day the

artificial slab remained abandoned, and during m&rw subsequent observations

no fish were observed to take any special interest in it. Although the

results of this attempted experiment are very inconclusive, they do

indicate that gross 00101" and shape of an egg mass alone probably do not

act as releasers for acts of parental care as is the ease far some of the

actions in reproductive behavior of fishes previously reported.

It is unfortunate that this experiment.. and others like it, could

not mve been repeated; however, by the ti.me the general reproductive

plttern of the maomao had been worked out, and the various phases am

elements identified, the spawning season was about over. Despite the

shy disposition ot this species, it is believed that a continuation ot

this behavior study of the maomao, utilizing well planned experiments

and more adequate aids to observation, could result in valuable contribu­

tions to the study of animal behavior.

An observation was made on a guardian male maomao beset with a

conflict involving two antagonistic drives which shed some light on the

operation of conflicting stimuli associated with parental oare. '!he

resu.lting behavior was that which might be classed as displa.cet'lUmt

a.ctivity or the typa previously discussed. In this case, a maomao was

guarding a clutch ot eres at s1 te "lit on the face of the retaining wall
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a.t the Southwest Point spa:wnin; area.. Ibring Jrevious observations,

this guardian fish proved to be quite shy, and on the approach of an

observer alo~ the wall above he would retreat to what Vias apparently

his established place of refuge beneath a coral head about four feet from

the wall in a slightly deeper area. When observed on the sixth of 1Iay..

1957.. from a point on the wall d1rectly abaV'e the nest, this fish was

beset by the release of two antagonistic drives; to flee to the protection

of his place of refuge in deeper water.. or to remain 010s8 to the egg

mass, now requiring greater attention due to the advanced stage of

developnent of the eggs. Apparently.. tear about equalled the paternal

protective instinct.. tor the fish swam. nervously along a rou.ghly

elliptical path between the nest and the refuge tGI.' about two minutes

as il1ust1'ated in Fig. 2SH.

5. Miscellaneous behavior.

a. ''Kissing''

Kissing behavior was only observed twice with maomao, but on both

occasions the water was clear and quiet, the observer seemed to be

unnoticed by the fish involved.. and. the entire action was clearly viewed.

'lhie activity was terned /lld-seing" in lieu of "mouth fighting" as described

for some fishes because of the docile nature of the individuals involved,

and the slow.. unexcited manner in which it was carried out. Ms type

of behavior bas on1.v been reported in a few fishes and 1ts asaocia tion

with the reproductive behavior of the maomao is largel.Y speculative.

A well known tropieal aquarium fish I the "!'issing Gourami 11 «Ielostoma

SPninic1d: Curler & Valenciennes) derived its common name tram a similar

l"..issing habit; however I the significance of this strange behavior is not



revealed. (Axelrod and Schultz, 1955). Ray and Campi (1956) describe

several species of grunts of t.~e genus Haemulpn which have the peculiar

hah1t of rushing at each other with open mouths and "kissing". 1hese

authors have photographed two blue-striped grunts, HAenN19n ec*YrU;!

(Shaw).. engaged in this activity, and state that such sights are common

during the breeding season. Baerends and Ba.erends-van Roon (1950)

describe a.ctivity of cichlide in defense of a territory in which the

mouths or two fish are locked together Wring combat. In tids case,

howEWer, the entire action has been repeatedly observed and. an.alyzed,

and the behavior i8 believed to be aggression motivated by the entrance

of an intruder into an established territory.

Kissing behavior was observed in a pair ot maomao near site "lA-l"

in the Southwest Point spawning area on O:>conut Island on the 12th of

April, 1957. When the pair of fish involved were first observed, they

were alreaetY engaged in this activity, and it continued for approximately

two minutes. 'Jhis action took place just beneath the surface of the

water, in an area where the depth of water was about three feet. One of

the fish involved displayed the blue hue previously described for mating

maomao, While the other individual displayed normal coloring, !he

observed kissing behavior consisted or the following sequence of events.

The two individuals approached each other head-on, eYd.rnming in an

extremely slow and casual manner. No rapid flicking of fins or other

rapid body movements indicating the least axeltement were noticed. '!he

approach continued at the same slow rate until actual contact was made,

It was not determined if the mouths were open or closed; however" it

appeared as though the lips met with the mou:ths closed. As soon as fir.m

contact was made both fish began to thrash violently, giVing the observer
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an impression that theu were attempting to push each other. During

this phase, which lasted about four seconds, they broke the surface of

the \'later repeatedly. 'l'he thrashing terminated When the broke contact,

one fish swimming to the right, and the other to the left. 'they swam

sway slowly in a circular clDekooolWise path until they a.gain faced each

other, and the entire action was repeated as before. The entire action

was repeated seven times in approxLmately two minutes. As they approached

each other for the eighth contact, they seemed to simultaneously turn

away .from each other when about 6 inches apart, and the fish wi t11 the

matin:c; coloration returned to guard an egg .mass at site ''M-l lt • '!he other

fish Was not observed thereafter; however, an insp' etton of the area

revealed a brood at site "M-2", only a short di.stance away from "M-l",

(see Fig. 2'>. A second display of ldssing behavior was observed in

the same area about two months later, a..'1d it appeared to follow the S8ll1e

seneral pattern; the distribution of broods in the area was not deter'rr'.ined

on this occasion.

111e significonce of sueh behavior must be limited to speculation until

further observatioI",s can be made. It is possibls that this is a display

designed to establish some sort of position in the social hierarchy emong

the maomao in this area. It seems mora probable i.n the light I)f the close

proximit.Y of the two broods a.t sites ''M-l« and "lE-2", and the similarity

to the border fight:tng described by Raerends and Baerends-van Roon, op.cit.,

that this is an aggressive display of sorne sort in vllIi..ch a bOundary is

contested. 'lhis is not at first evide.l1t, as all other aggressive displays

thus far observed ir. the maomao have been accompanied with rapid movEments

and otter manifestations of excit..fsJlent; however. in the approach phases of

this behavior, th.e doci.le action may have been mistaken for one of extreme
caution.
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SEonOR IV

SlJWARYAND OONOLUSIONS

Dur-lng this investigation of the life history and reproduci:tve

behavior of the Hawaiian pomacentrld, Abud,fd4.t ,~lis. (Umaomao ll ) ..

t..~e following salient points were revealed resulting in the tomulation

of the accompanying conclusions.

1. The habitat of the maornao is varied, extending aver a considerable

range or depths and subStrate types.. with the exclusion of extensive

sandy and muddy areas. TrJ.s species usually rElllains close to the

SUbstrate, and a pri.t'n8,ry haMtat requirenent appears to be suits.ble

refuge, although the availability of food, the ava1labili~ of suitable

spawning sites, and a possible association with other SpeciEUJ of fish,

all appear to influence its d1stribution.

2. "!he maomao is a broadly omnivorous 3pec:ies, a.nd its adapta.tion to

a variety of dietary items probably endows it vd th considerable resilience

to survive large fluctuations in the environment. '!Wo specialized

feeding aggregations of maomao are occasionally observed: (a) a "curtain"

of' fish in deeper water .may utilize such a formation to efficiently pick

plankton from the passin.g current, and (b) a rtball tI of 1ll8.Omao may form

near the surface in shallow water to prElY on small crustaceans. Copepods

are usually the dorninant organisms consumed, 'but otmr crustaceans,

filamentous algae, and fish eggs are often found in abundanoe in the

stomach contents. Choice of diet apparently depends largely on availability,

and may inelude a \dde variety of organisms.

3. Maoma.o coloration is included under two eategories, normal adaptive

coloration, !'......'1.d mptilll coloration. Two phases of adaptive coloration,
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light and dark, are gradually adopted by maomao in order to present a

minimum of contrast with their background. Sudden excitenent of a maomao

in the dark phase of coloration will often cause a rapid fa.ding of color

or "ccitErnent pallor".

4. The structure of the maomao reproductive system is sirr>.ilar to other

teleoste which exhil:d.t external fertilization. In both the male and

female maomao the left gonad was larger than the right in most of the

specimens examined. Stages of maturity were assigned to the gonads

from 760 females and 1,62.5 males, indicating a majority of the "ripe"

gonads oocurred between January and September, with a ma:x:1mum in May

and June, and a minimum. in October and &vamber. Multiple s~wnings

in one season by a single maomao are indicated; apparent~ a common

occurrence among other pomacentrids investigated.

5. 'lbe sex ratio ot 2,333 co.m.marc1ally caught ma.amao was 68.6 percent

males and 31.4 percent fEBales, but the" is some evidence that this was

due to selective sampl.in.e. lJhe sex: ratio det.emdned from these samples

was not eonsis tent with time, rot variations were not correlated with

spawning seasons or other pheoornena.. No apparent sexual dimorphism was

seen in the !Ilr'1orr'.B.o, althol.tgh males were consistently larger tha.n females

in fish obteined from traps. Sexes can be distinguished by close

exanination of external gemta.lla in which a slight difference between

the sexes exists.

6. Exanination or maomao ova.ries showed u.niform. contents in transverse

seotions taken at any point along the longitudinal axis of either gonad.

Ova develop in clusters of germinal .pithelium on the peripoory of the

ovary, and when nearly me,ture, they are depoei ted in the lumen. 'lhe

distribu.tion of egg diameters usually indioated three distinot groups



of er,ge' a stock pile of primordial eggs, and two separate groups in

more advanced stages of developnent.

7. '!he !ecundi ty of female maomao were not deterrnined, alt."lOugh a

single female 'WaS estimated to spawn an average of 21..400 eggs at one

time. fJ.he number of eggs deposited by a female at one time was

correlated with its body weight (r =0.625, p 0.05). Maomao probably

conform to the spawning pattern or otber pamaeentrids investigated,

whioh deposit small numbers of eggs at frequent intervals throughout

the spa:wning season.

8. ihe nature of the l'J:laomao St:8wning cycle was im'estieated from a

number of aspects, and. all confirmed the previously mentioned pattern

of eontinuous spawning throughout the year with increased spawning from

mid-December to September, and a peak in May or Ju..~. '!he period or

m.ax::1n'.wn spnming roughly corresponds to a period during which surface

water tempera 'b11'8S are lowest in the Hawaiian Islanis. A s:iJr'..ilar

spmming :t:Rttern has been shown for five other species of Hawaiian reef

fish. Observations on maQlll8.o spawning sites in Kaneohe Bay revealed

that a.n increase in spawning aeti"liity takes place during periods around

the ti.'1'1e of full and new moons. 'this phenomenon is oot well understood

but it is believed t,o be caused by a stimulus complex associated with

bilunar periodicity which augments or accentuates the normal spawning

stimuli.

9. Jiaomao eggs are attached in a single layer by means of an adhesive

membrane to a suitable surface on the substrate (usually rock, dead coral,

or concrete). Normally a nest contains more than one clutch of eggs ... and

as meny as five clutches have been observed in a single nest, oared far

by a single guardian maQ!l.ltio. 'lbe average densi~ of eggs in nests



ex.arnined was 1.2 eggs/mm. '2. 'Dle number of eggs per nest ranged from

10,100 to 116,m, with a mean of ;6,800.

10. 'Dle 1mture maomao ova 1s rough~ elliptical wi th an average

length of 1.29 mn., and a width which varies between 0.62 and 0.67 mm.

The yolk is red or yellow, the latter color more infrequently obServed

a.nd thought to be associ.ated with some item in the adult diet.

'OevelDping mao.'nS.o ova norma~ hatch ear13 on the sixth day ai'ter

fertilization with an average water tempera.ture of 24.50 C. A descrip­

tion of the stages of developnent is presented.

11. 'nle major sources of mortalitw of developing maom.ao eggs are

attributed to (a) predation by other fishes, (b) ~gen deficiency,

and (c) invasion by microorganisms. Predation appears to be primarily

by butterfl;r fishes, wrasses, and goat fishes. Oxygen requirements of

deVeloping embryos is shown to increase steadily for 5 daye after

£ertilliation, and this is aocompanied by increased aeration of the

brood by its guardian. Both. bacterial and protozoan invasions of

developing Jnaomao eggs were observed and described. A guardian maomao

usually remmres infeoted eggs from the nest, and his presenee is

considered essential to the suecessful development of the brood in

IY:lture. l.fortality of broods in nature prior to haterd.ng is estimated

to average somewhat less than 10 percent. and. was never observed to

exceed 30 percent.

12. Maomao larvae at various stages of development are descrlbud and

figured. Larvae average 2.7 rom. in length at hatching, gradua:t.:1y develop

adult eharacteristics, and by approx:i.mately 20 days (at about 12 .lTilU.

fork length) the adult markings are cl.earJJ visible. 'lhe averai:te gro.vth

rate of 24 individuals between 1 and 17 days after hatching "~as 0.43 mm../ds:y.
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larval stag_ of .m.ac:DaO up to three days old are positively photota.x1c,

under the influence of strong light. 'lbe larvae are planktonic and

incapable of extensive mi'3ration8 until seven to eleven days after

hatching, at which time they migrate into shallow water along the shore.

13. Use of 8. specially designed apparatus permitted the rearing and

observation of broods or larv'al maotri&O for more than a week after

hatching. Five broeds successfully reared all displayed high mortality

during a "critical stager. on the second and third day after hatching.

Factors affecting larval mortalitu are discussed. In addition to an

exhaustion of the yolk supp~ during the "critical stage tf , the adequacy

of a number of larval organ systems is probably tested during this time.

Larval survival in nature was estimated at 0.01 percent of the original.

brood ten days after hatching, whereas in rearing tri.als survival

averaged 1.9 percent of the initisl brood. Increased survival in the

apparatus was attributed to the exclusion of predators and a decrease

in the blrbulence usua~ encountered b9 larvae in nature.

14. Juvenile maomao inhabit tide pools in the lower and miMe intertidal

zone, and in other relatively quiet, shallow areas close to shore. !he

physical and biological characteristics of twenty tide pools at Diamond

Head Park were analyzed, and it was concluded that juveniles are most

abundant in, and apparently prefer, pools possessing certain qualities.

The relative position of the access from a pool to deep water appears

to be or importance, a,s does available concealment wi thin the pool. ~'l'hen

juveniles attain the length of 25 to 30 mm. they begin to move out of

the tide pools into deeper water, and take refuge in recesses in the

substrate. 1he associa tions of maomao with other species of fish in tide
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pools is discussed. '.!he seasonal abundance of juvenile maanao observed

in ttde pools follows the general pattern of spawning determined by

other means, and the peaks of abundance between 1954 and 1957 varied

between mid-April and wid-June.

15. 'fhe food ot juvenile maomao is similar to that of the adu.lts, vd. th

copepoda am. amphipods bEdng preterred. A hierarchy of feeding or peck

order enets among juvenile maomao resulting in differential growth of

confined fish. msti.m.ates ot juvenile er,l'OWth rates were made from (a)

rearing trials, and (b) the progression of length frequency modes of

tide pool samples. Rearing maomao juveniles on natural food resulted.

in a s;rowth rate ot 0.44 mm../day J or 13.2 m./month, while progression

of lel1t~th frequency modes showed a growth rate ot 0.19 rom./dey or 5.7 mm../
month. A gradual leveling ot the growth curve of reared juveniles was

attributed to (8.) a seasonal decline during the winter months, and (0)

a deceleration of growth normally attributed to maturing fish.

111e orientation to light by juvenile maomao is discussed. '!heae

fish are subject to a phototropism which motivates them. to orient so

that their dorsal side is always toward the primary source or light, even

though they must swim with their ventral side taaard the water fS surface

to accomplish this in some situations.

16. From a sequence of actions accOOl.panyi.ng maom.a.o spawning observed

at Coconut Island, the general pattern of reproductive behavior was

worked out. 'Most of the observations of maom.ao spawning in shallow water

"Were made from concealed points along the shore, thus a fair1;;f reliable

picture of natural, undisturbed activities was obtained. 'the litera·t,ure

on pomacentrid spawning is revieWed, revealing a similar pattern of
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reproductive behavior throughout this family. 'lbe maanao conforms to

t.~is pattern displaying the following sequence of activities. (a) the

male maomao chooses a suitable site on the substrate and establishes

a terri tory, which he defends while preparing a surface for egg deposition.

(b) While preparing this site, the male gradually assumes a pale blue

nuptial coloration and begins to attern.pt to a.ttract a female. Various

sequences of displays and maneuvers are then performed by the male in the

vicinity of the female in an attempt to gain her recognition and attract

her to the prepared site. 'l'he male f S courting maneuvers often take on

ae,gressive overtones.t while the female fS actions appear to be aimed at

appeasement. (c) Alter the female has been attracted to the site and

spawns, she leavee the nest, and the male commences to tan the clutch,

pick out defective eggs, and defend the area against potential predators.

AddiM.onal females 11lBJ' be attracted to spawn on the same site beside the

existing clutches of eggs.

17. .An a.11&338is of the maomao reproductive behavior is at~pted.t in

the light of recent literature in this field.. '!be primary requirements

for a splwning site appear to be a suitable substrate tor egg d~s1tion,

and convenient refuge tor the guard1.an parent. MaJ. maomao usually

occupy the most desirable s)l!lwning sites first, but some puZzling excep­

tions Viere observed. Some selective advantage is believed conferred on

til species by its establishment of a. territory in which to mate and spawn.

Establishment of territories may serve to limit the population according

to the available substrate and thus help to restrict the population to

the carrying capacity of the habitat. It the spawning population is

limited by available slllce, this may crea.te a reserve of spawners, and

thus insure population stahtlity. An increased defensive vigor associated



with repl'Ocltotion, as well as familiarity with the area, allow the male

maomao to better defend his territory and thus inSure maximum survival of

the brood.

Aggressive bshartor associated with reproduction in the male mao.m.ao

usua.1l.y takes the rom of a bluff or threat; however, three levels ot

expression have been observed: (a) rapid and forceful chasing, (b)

reserved pursuit, and (0) threat without pursuit. It has been observed

that the peak of aggressiveness in the male maomao coincidee with a peak

of excitem.ent just prior to and d.u:ring spa:wning, and. is also influenced

by the pressure exerted by territDrial intruders. Visual stimuli are

believed important in initiating aggressive behavior, as certain herbivorous

fishes (such u the manird) are usually allowed to swim unno1ested in a

territory except when the defender is highly exci ted and confronted 'Viith

a number or intruders at the same time.

Va. ti.ng behavior in the maomao involved the following sequence of

events: (a) mutual recognition of' a. reproductive1y suited pair, (b)

aggressive persuasion of a suitable female to accept the male's overtures,

(c) the female's subnission to the male, (d) orientation of the female to

the site, and (e) a fiMl acceptance ot the female by the male on the site.

The male maomao's nuptial coloration is a striking morphological expr.ession

or sexual readiness, and 1'i.l.I:~)0a.rs to act as a mark of recogni tion and

attraction when coupled with other .maneuvers. 'lb.e significance of three

maneuvers (looping, zigzag swinm1n.g, and. vertical stance), and their role

in recognition and attraction of Ii mate is discussed. A fourth .lllaIleuver,

tail-on-tail chasing, is executed on arrival at the nesting 8ite, and is

interpreted as a conti.nuing act of appeasement.
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Parental care is believed to be a manifestation of both external

and internal stimuli. Internal stimuli create a "reproductive mood" that

oauses breeding fish to respond difrerently to the same stim.ul:1. than

non-breeding fish. ExcharJ.r5e of egg mass6S attached to movable spavming

slabs showed tha t a male guardian recognizes his brood when moved as

far as 4 feet. Evidence indicates that a guardian recognizes more than

the gross color and shape of his brood.

An unusual "ldssingtt behavior is described, although its significance

in regard to reproductive behavior is speculative.
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APPENIttX A

APPARA!US FOR REARING lARVAt FISH

'the original purpose in constructing an apparatus in which to rear

larval fish was to create an enclosure that would. restrict the larvae,

and at the sa.me time maintain an environment as close to that of the

surrounding waters as possible (except for the exclusion of large

predators). tis was accomplished wi th reasonable SuccesS in rearing

maomao larvae and theretore the apparatus used is described and illus­

trated in order thtl t detalla of its constzuot1on mBY be available to

other workers with similar problems.

IJhis apparatus consists ot two main parts, a large-mesh outer net

and a fine-mesh inner net. '!'he outer net (Figure 29) is oomtructed of

fiber glass screen with a mesh size or 14 fibers to the inch, with a

rnaxi.mum opening ot 1.5 rom. 'l'his rnaterial was sewn with linen fishing

line to form a rectangular container 66 inches long by 60 inches wide

and 46 inches deep, open at the top and suspended from. a wooden frame.

Beneath each corner ot this frame was attached a metal float of

approximately one gallon capacity (aircraft oJG"sen bottles were used)

to add buoyancy to the trame. Each comer was titted. with a metal eye

to which a wire was attached leading to a single overhead line that

held the apparatus in place beneath a small bridge. Ms overhead line

was fitted with a length of heavy rubber tubing that served to .maintain

tension on the line during t1d.al fiuctuationa.

A similar smaller net (Figures 30" 31, and 32) was suspended in

the center of the outer net by means of a wooden frame with extensions

that rested on the trame of the larger net. '!'he inner net was constructed



of an industrial plastic filter material that resembled nylon" produced

by the National Filter Media Compan;r of New Raven, Oonnectteut. tis

produot is available in a number of mesh sizes and weaves; however,

the prima.ry consideration for pUl'pOSes of this investigation was to

obtain a screen with the largest possible mesh size that would still

retain the larvae in order to minimize ologging of the openings wi th

organic matter suspended in the water. 'J.'he screen chosen was .made of

a .material ca.lled ttSaran fI (trade mark of the Ibw tIlemica.l Company),

style ~!o. MS - 900 <:32 x 32} which had a simple cross lap weave sewd

at each contact, with strands 0.5 mm.. a.part, and a maximum. operdng of

0.65 nun. '!his net was also sewn into a rectangular container .. :30 inches

by 30 inches by 34 inches deep" using nylon thread on a meohanical

sewing maohine. 'lh:is inner net was tacked to a light wooden frame the

components or whioh are 314ft x 3/41t in cross section. 'Jhe inner net is

tied to a framework that rests on the outer net frame and consists of

two parallel boards, 12 inches apart, joined by cross pieces at ai ther

end and in the centel'. From this center cross piece the concrete slab

eonta.i..l1.in,~ the mass of attached maamao eggs was suspended by means of

a heavy wire hook. '!he entire inner net is easily moved to one side of

the outer net far exanrl.nation of its contents from a nearby boat. A

cover IDC1de of fiber glass screen was fitted over the entire apparatus

to keep small fish fran jumping into the nets.

'.!he primary purpose of the outer net wae to restrict floating debris

and keep the inner net from becoming seriowsly clogged. It VIas found

that norrally the outer net became heavily ologged with debris in four to

five _alai and therefozoe had to be oleaned periodica1J..y. 'l'he out.er net.



was removed 1dthout disturbing the inner net merely by suspsndill?: the

inner net from aboTe, subnerging one side of the outer net, and pulling

it off to one side.. B:>th nets were easily cleaned using a high pressure

stream of water ..

After being in the \'Iater for four months, the fiber glass net

beeatlt$ brittle and tore when folded sharply_ 'lhe inner net exhil:d.ted

no such signs of deterioration.
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APPENDn B

TABLE 19

THE AGE, LENG'l'H, AND DISPOSITION OF JUVENILES
DURING REARING TRIALS AT COCONUT ISLAND

No. a.t
Total Various Mean

Date Brood No. of Std.. Len. Std.. Len. Age
(1957) Symbol Indiv. Location (rom. ) (rom. ) (Dqs) Remarks

20 IV A 15 Outer net 15 - 12 12 24

)) IV A 15 Outer net .3 - 15 16• .3 34
6 - 16
5 - 17
1 - 18

6 V A 15 Outer net 2 .. 16 17.9
3 - 17
5 - 18
4 - 19
1 - 20

16 V 15 Holding net 4 - 19 20.2 50 Into hold-
S - 20 ing net on
S .. 2l 6 'Hay
1 - 22

29 V A 15 Holding net 1 - 19 21.1 63
3 .. 20
4 - 21
7 .. 22

11 VI A 9 Holding net 1 .. 20 21.9 76 Some escaped
1 - 21
5 - 22
2 - 23

19 VI A 7 Holding net 1 - 21 23.6 84
3 .. 23
1 .. 24
1 .. 25
1 .. 26

19 VI 4 4 Outer net 1 .. 9 10.3
1 - 10
2 - 11

26 VI A 8 Holding net 1 - 22 25.4 91 One fish re-
2 - 23 captured.
1 - 24
1 .. 26
2 - 28 Moved to con-
1-29 crete tank.
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TABLE 19 (CONTtD)

No. at
Total Various Mean

Date Brood No. or Std. Len. Std. Len. Age
(1957) Symbol Indiv. Location (mm. ) (rom.) (Days) Remarks

26 VI 4 4 Outer net 1 ... 13 14.3 Y1
1 ... 14
2 ... 15

3 VII 3 2 Outer net 1 ... 8 9.0 22
1 - 10

3 VII 4 4 Outer net 1 - 17 18.3 44
:2 - 18
1 ... 20

9 VII 3 Outer ne't 1 - 8 10.0 28
1 ... 12

9 VII 4 4 Outer net 1 ... 20 21.8 50
2 ... 22
1 - 23

9 VII A Concrete 1 ... 25 33.8 104
Tank 1 - 30

3 ... 33
1 ... 38
2 ... 39

16 VII 3 2 Outer net 1 - 11 13.5 35
1 - 16

16 VIr 4 4 Outer net 2 - 24 24.8 57
1 ... 25
1 - 26

24 VII 3 Ou.ter net 1 - 20 20.5 43
1 ... 21

24 VII 4 4 Outer net 3 - 28 28.3 65
1 - 29

25 VII 7 Concrete 1 - 34 41.6 120 One indiv.
Tank 3 - 40 not measured

1 - 45
2 - i/J

5 VIII 3 1 Outer net 1 - 25 25 57 One indiv.
escaped.

5 VIII 4 3 Outer net 1 - 29 31.0 75 One indiv.
:2 - 32 escaped.
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TABLE 19 (CONT'D)

No. at
Total Various Mean

Date Brood No. of Std. Len. Std. Len. Age
(1957) Symbol Indiv. Location (mm.) (mIll.) (Days) Remarks

6 VIII A 8 Concrete 1 - '5) 47.8 132
Tank I - 45

I - 47
I - 48
I - 49
I-50
I-52
I-53

23 VIII 3 I Outer net I - 34 34 75 Placed in con-
crete tank.

23 VIII 4 3 Outer net 1 - 38 38.6 93
2 - '5)

23 VIII A 8 Concrete 1 - 48 58.5 149
Tank 2- 57

1 - 58
1 - 59
1 - 61
1 - 63
1 -.65

10 IX 3 1 Concrete 1 - 39 39 95
Tank

10 IX 4 3 Concrete 1 - 44 44.6 113
Tank 2 - 45

10 IX A 8 Concrete 1 - 54 64.3 167
Tank 1 - 62

1 - 63
1 - 65
2 - 66
2 - 69

27 IX 3 1 Concrete 1 - 43 43 112
Tank

27 IX 4 3 Concrete 1 - 48 49.0 130
Tank 1 - 49

1 - 50

27 IX A 8 Concrete 1 - 59 69.1 184
Tank 2 - 67

1 - 69
2 - 71
1 - 72
I - 77
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TABLE 19 (CONTfD)

No. at
Total Various Mean

Date Brood No. of Std. Len. Std. Len. Age
(1957) Symbol Indiv. Location (mm. ) (mm. ) (Days) Remarks

12 X 3 1 Concrete 1 .. 47 47 127 Into 1;1ve Car
Tank

12 X 4 3 Concrete 1 .. 51 52.6 145
Tank 1 - 53

1 .. 54

12 X A 8 Concrete 1 .. 64 73.3 199 73 mm. speci-
Tank 2 - 72 men into Iive

1 - 73 c~x.

1 - 75
1 .. 76
1 - 77
1 - 78

1 XI A&3 :2 Live Car 1 .. 50 3- 145
1 - 73 A- 2lS

1 XI 4 3 Concrete 1 .. 57 58.6 164
Tank 1 - 58

1 - 61

lXI A 7 Concrete 1 - 73 79.8 218
'rank 1 .. 78

1 .. 79
1 - 80
1 .. 81
1 .. 82
1 .. 86

14 XI A & 3 2 Live Car 1 - 53 3- 158
1 - 75 A- 231

14 XI 4 3 Concrete 1 ... 60 62.0 178
Tank 1 - 62

1 .. 64

14 XI A 7 Concrete 1 .. 81 83.4 231
Tank 1 .. 82

3 .. 83
:2 .. 86

8 XII A&.3 Live Car 1 .. 53 3- 182
1 - 75 A- 255

8 XII 4 '3 Concrete 1 - 62 64.6 201
Tank 1 .. 65

1 .. 67
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TABLE 19 (CONTID)

No. st
Total Vari 0'1.1 S ~Iean

Date Brood No. ot Std. Len. Std. Len. Age
(1957) Symbol Indiv. Location (mm. ) (mm. ) (Days) Remarks

8 XII A 6 Concrete 1 - 82 85.6 255 One indiv.
Tank 1 ... 83 not caught

2 - 86
1 - 88
1 - 89

(1958)

3 I A&3 2 Live Car 1 - 53 3- 208
1 - 80 A- 281

3 I 4 ... Concrete 1 - 66 67.3 227~

Tank 2 - 68

3 I A 7 Concrete 1 - 83 88.0 281
Tank 1 - 86

1 - 87
1 - 88
2 - 90
1 - 92
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