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- viride, and adult Sc. vetula, which

' ‘ - . Abstract \ |
.Three.species of parrotfish‘(Pisces:SCa idae), SCérus }Sérti
(=croicensis), Sc. taeniopterus and Sparisoma aurofrenatum,
were studied'at_Barbedos. W.1. to determine how cora] cover,
competitors-(damselfish) food supply, amd spawning s1te ‘

shore area/{< 200

AN

su1tab111ty aﬁfected"soc1a1<systems An

“m from shore) had abundant patchy food, umenﬂqs démself1sh

00 m ofishore was*

e

- and heterogeneous cora] cover . A second,
similar but had less food. Two sites, 600 \to 800/ m offshore,

‘\"

had few damselfish, 1ow£to moderate, evenly di tr1butedrfood

ree offshore

1

7hs than

k]

supplies and homogeneous coral oover. The

areas, swept by currents, Were bettet locat
inshore for broadcasting p]anktonic'eggs

\ duvenlle Sp aurofnenatum and adults f the three

species were more w1despread than Juven 1e Scarus Sp

re most common \

inshore. Diurnal, tidal lunar and seasonal cycles 1n adu]t
-numbers were rare. duven1les recruited year-round, w1tn
peaks from June to September w}en near- shore currents ahd

>_water temperature increased.
-cotoured initia%;phases (Ipht-

Juveniles and the dul
mostly females) were les‘ evenly distributed and had more
essociations with parg/cutar EOral’types than brightly
coloured terminal phase (Tph) males. The damselfish
Eupomacentrus. planifrons, excluded Juven11es and Iph from
staghorn coral, but not Tph or Sc. vetula. The three species -
did not subdivide space or differ in substrate associations.

1
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:
Interspecific aggression occurred rarely, and;heterospecific
. groups Were}coﬁmonf |

) Residents and transient intruders were idehtified.
Offshore, males resided for up to tuo years (ohe year in Sc.
iserti) and on disappearing, were.rapidly replaced by

intruders. Inshore, most fish resided .

-mporarily (two =
months), varied more in size and yere : g
replaced. Tph males may dwell*i Si- »
intruders offshore Trans1tion fr *lph td Tph colours was
‘-rapid (< 1.week) and only padlially controlled soc1ally
Social systems inshore and offshore differed Offshore,
. males patrolled stable, contiguous territory borders,
excluded only conspecifics and enclosed female harems. Iph
fish formed,size-dependent dominance hierarchies, but |
excluded like-sized fish. Inshore,llph Sc. iserti and Sp.
auhofrenatum had loosely pacKed, overlapoing,/highly
variable, unpatrolied boundaries and no harems. Some
re51dent Tph Sc. taeniopterus perhaps had harems. Tph Sp.
aunofnenatum inshore shared space temporarily, as did
newly.transforned Sc. taeniopterus, perhaps to enhancet
feeding success.'Tph Sc. iserti tolerated most overlap with
other males. Territory size was unrelated to fish size or
food supply, but decreased where/intruders were abundant.

Each spec1es allocated time differently Sc. iserti fed:
most, Sp. aurofrenatum;least.fAll Tph fed less and were more
aggressive than Iph. Males offshore chased Iph more than

inshore. Scarus Tph chased Iph more than Sp. aurofrenatum;



\ .

reflé\cting higher proportions of Iph males Sp aurof renatum

. taenlopterus showed the most border defenc@

and L

aggress1on in Sc. taenYopterus was related to its early

spawn1ng H1gh damselfish densities resulted in
. N

'soc1a1 ystem d1fferéhces. SpeCIes over lapped extensively

in graz ngdhabﬁts. A1l spawned regularly offshore, rarely

- inshore.| "
Int%nse male-male compet1t1on for space permanent

terr1tor1F11ty and harem formation were responses to good

' Spawn1ng $1tes Sub-optimal 1nshore areas were 1nhab1teg'by

w ¥
males\lncapable of holding space offshore, or by Rk

exp]o1tfng abundant food before migrating elsewhere fo
spawp. Interspec1f1c competition for food or space did not
occur. Food may rpt be limiting. Space, defended primarily
for spewning purposes, limits only other coneoeC{fics.
Behaviooralvflexibility may acoouht for the success of

parrotfish in widely varying reef environments.

-t
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‘( Yo < I. Introdogiion

The study of “social systems lies at the 1nterface of
ethology and ecology. Much as Wilson (1975) pred1cted
1nterest in how an1mals space themselves relat1ve to needed
resources like food and shelter or other organisms either : .~
compet1tors or mates, has b]ossomed in recent years Such
factors are of maJor 1mportance in 1nf1uenc1ng soc1a1
structures within popu]at1ons (Brown, 1964; 0r1ans. 1959;
‘Brown and Orians, 1970; Emlen and Oring, 1977). These tn

turn affect the*ecology of the species and itsﬁcommunity.
.Territoriality can 1limit pOputatton density (Brown, 1969;
Clarke, 1870; Krebs, 1871; Larson, 19800);’tnterspecific
aggression is a form of competition‘for food or shelter
(Cody, 1969; Myrberg and Thresher, 1974).‘Socialv
interactions such as cleaning symbioses and ioterspecific
territoria]ity can act to structdre communities (Slobodkin
and.Fisoelson, 1974; Sale, 1978b; Williams, 1980).

Coral reef fish have provtded a rich arena for such
.inyestigattons.‘Their'great range.off$orm,_colour and size
attracts researchers; and their conspicoousness in clear,
warm, tropical waters facilitates field studies. The high
species diversity on reefs maKes qoestions concerning
resource sharing by closely re]ated.species particularly
pertinent. Recent reviews of reef fish (Ehrlich, 1875;

Reese, 1978; Sale;-19780,‘1980' Keenleyside, 1979) have
'out11Ted the d1vers1ty of their soc1a1 structures and 3

inter-relationships. However, our know]edge is curtalled by



4 2

the short-term nature of many studiés,‘and the lack o
detailed autecologicé] work. The damselfish (Pomacentridae)
are one eXception; this group has received more notice than
any other, both because they éo'well in aduaria, and because
their.aggressiVe responses tb(other organisms, including
‘divere; attract attention. (See Emery, 1973; Sale, 1978c,
1980; Thresher, 1976a, 1®7a, 1978b, 1979b; and Williams,
1978, 1979, 1980 for furgher references. )

The wrasses (Labridae) stand nextvto_the4damselfish in
popularity with biologists (Randall and Randall, 1963;
'Feddern, 1965; Roede, 1972; Robertson, 1972, 1873; Reinboth,
1973; Wabqfr,’1975a and later papers; THresher, 1979a).
These ubiquitous omnivores, along with their herbivorous .
relatives, the parrotfish (S.0. Labroidei, Family Scaridae),
have attfacted notice bgpause of their predisposition for
protogynous hermaphroditism (Reinboth, 1962, 1968, 1975
Choat, 1966, 1969) and the fact that sex reversa1 is
sometimes under social control {Robertson, 1972, 1973). A
certain terminology has built'up to deal witH the
bewildering array of;sexual types in théseAgroubs (Warner
and Robertson, 1978). Most fish are born as females and
‘change sex at a later date to become Secondary‘(Z') ma]és.
Species whiéh have only 2° males are monandric. Some spec{es
possess both 2° and 1" males, i.e. males that are born as
such (gonochorists). These species are\termed diandric.
:Sexual dichromatism addé;io the ¢onfﬁsion, particularly

because hermaphrodites and gonochorists adopt the same

/
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guises, Females and young males are dull-coloured, and are
said to be in the Initlal phase (Iph). Larger, older males,
both 1° and 2°, develop flamboyant colours (see Plates 2 to
6), and are in thé fermInaI phase (Tph). Sex and colour
~ change are bften, but not always, closely linked. Both Iph
and Tph ma]és are sexually active. Tph males generally spawn
in pairs with one female at a time, while Iph males‘do so "in
groups'(Ra&dall}and Randall, 1963; Feddern, 1965; Choat,
1966;‘Reip60th, 1973). Some Iph males interfere with pair
spawniqggyas well (Warner éf al., 1875). Parrptfish‘spawn
pe]agqbally, producing planktonic eggs (Winn and Bardach,.
1960; Randall and Randall, 1963). There is no parental care. -
‘Males are polygamous; females apparently spawn only once in
one day (Warner -and Hoffman, 1980a;b).

Parrotfish have been a taxonomically difficult group
‘due to their sexual dichromatism and lack of morphological
‘variation. Iph and Tph'conspecjfics were uéually classified
separateiy. With the advent of SCUBA gea;, biologists began
observing different colour phases together in natural
populations and Were able to condense the species lists
(Brock and Yamaguchi, 1954; Gosline, 1955). Winn and Bardach
{1957, 1960) observed spawning behaviour and.feéding
aggregations, and induced colour change by testdsterone
injections to properly classify four Caribbean species. The
efforts of Schultz (1958, 1969), Randall (1963b, 1965a, and
later papers), and Rosenblatt and Hobson (1969) have done

much to reduce the confué}bn. At present, the family



consists of some 68 species (Schultz, 1969), divisible on
the basis of jaw agd dental morphology into two subfamilies,
thg Scarinae (three genera).and the Sparisomatinae (seven
genera). There are 14 species Knbwn from the Caribbean. Six
are scarinines (genus Séarus -. abbreviated as Sc; in the
text to follow) and the rest are sparisomatinines (genera
Spar isoma- abbreviated as Sp. in the text to follow, also
N;cholsina, and Cryptotomus which were not considered here).

This colourful and attractive family demonstrates some
interesting‘biblogicalvfeaturesq Scarinines secrete a mucous
envelope at night from an opercular gland (Winn, 1955;
Casimir, 1971). The mucus, which may be toxic (Cameron,
1976), protects quiescent fish from nocturnal»predators
(Winn and Bardaéh, 1959). Sunrise and sunset migrations
between day-time feeding areas and night-time sleeping spots
have been observed in many locations (Winn et al., 1964;
Hobson, 1972, 1973; Collefte and Talbot, 1972; Ogden and A\
Buckmdn, 1973; Dubin and BaKer, 1981) . Parrotfish appear to
be ent%rely diurnal (Starck and Davis, 1966),.and probably
posSes% éolour‘vision (Munz and McFar land, 1975).

Parrotfish exert an impact on coral reefs as a result
of their feeding habits. With their beak of coalesced teeth
and pharyngeal mill, they browse>on mar ine macrophytes, and
‘graze the surfaces of coral réék, removing fi]amentdus and
endozoic algaé (Randall, 1963c, 1967, 1974; Ogden and Lobel,
1978). Their grazing is sufficientiy inteﬁse to

sighificant]y reduce fleshy algae and ma;rophytes on and



around reefs, and to promote the growth of reef-cementing
corallgne albae (Randall, 1961c, 1965b, 1974; Bakus, 1966,
1967; Vine. 1974) . ThFir suppression of filamentous algae
apparehtl& improves the survival of coral recruits, and
enhances the diversity of benthic organisms (Birkeland,

1977; Potts, 1977; Brack, 1979). As ihey scrape coralline
surfaces, parrotfish ﬂngest a considerable amount of calcium
carbonate, and show adrptations for metabolizing it

(Fontaine et al., 1973

Smith and Paulson, 1975). Much of
this reef material is excreted as sediment, and parrotfish
afe significant agents bf‘bioerosion én reefs (Bardach,
1961; Randall, 1963c; Gygi, 1975; Frydl and Stearn, 1978;
Frydl, 1979; Scoffin et al., 1980).‘fhey are important food
fish to natives of coral reef areas, and are often
implicated in outbreaks of ciguatera poisoning (Chungue et
al., 1977).

| The evolution of protogynous hermaphroditism and séxual
~dichromatism in labroid fishes hés beén attributed to sexual
selection, brought about by female chdice of large, brightly
~coloured males (Robertson and Choat, 1974; Warmer, 1975b,
1978; Warner et al., 1975). A fish that'reproduces as a
female while small, then changes sex 1atér to reproduce as i
male, has a selectiQe advantage over a gonochorist of eithér
sex. The existence of béth 1" and 2' males may be a genetic
polymorphism, controlled by local population size (Warner et
al., 1975, Warner and Hoffman, 1980a, 1980bi} A‘species’

social organization may also determine its sexual makeup



(e.g. monandric or diandric: many or few Iph males;

Rober tson and Warner, 1978). soctal structures are in turn
determined by resource abundance and distribution patterns
(Warner, 1978). Thus, species which have strict haremic
systems, where one male dominates and spawns exclusively
with several females, are expected to be monandric. Species

with looser social systems, where individual recognition is

~
»

less likely, would possess Iph males.
Robertson and Hoffman (1977) have attempted to show a
positive relation between the looseness of the mating
system, i.e. the extent that females can choose their mates,
and the degree of sexual dichromatism. Their arguments are

based on the supposition that bright male colours function

entirely to atlr ales, and are clearly premature.

Thresher (1979a) hag pointed out that monochromatism«gﬁh be

¢
interpreted as an adap ation to a specialized life style
(e.g. cleaning other fish), and that bright male colours
also play a role in male-male interéctions; He has shown
that monandry, monochromatism and strong harem formation are
not always closely linked. A1l the authors jnvolved with
such questiohs have voiced the sentiment that mére species
must be studied to confirm their genera]izapions.‘

Rober tson and Warner (1978) attempted to test their
ideas on the iinKage between social structure and sexua1.
systems in a survey of Caribbean parrotfish. TELy showed

that all Sparisoma species were monandric, while Scarus

possessed variable numbers of 1° males. They found some



. agreement with their ﬁypotheSis that strOng]y'haremic .}
spec1es should lack Iph males, but other spec1es fit their
 scheme léss well, Thilr maJor problem was a lack of so]id
'1nformation on social structures, which can be highiy
bvariable. For,examp]e, in Sc lsertl (formerly cro:cens:s
Randall amd Ne1s0n, 1979), young fish form small stationary
foraging groups, Larger ones join massive, roving feeding o
aggregations. Sexuaily‘mature Iph females live within hawems
’~c0ntrobled by aTTph male (BucKmam‘ahd Ogden, 1973;.OQQen\and 7‘
.Euckman4 1973; Warner "and Downs, 1977) . E1sewhere in‘the\v
-Caribbeah, Sc. ‘iserti is not haremic, but forms leks ‘-
(Barlow, 1975). The 1i fe history stages of other Caribbea%
»scaridslare‘very poor]y Known, and one/of the aims of. my H
thesis'was to£¥i11\in‘this gap. ‘

.'Whiie sociailsystem-ya;%;Pilitywis usually ascribee‘to
aifferenCes in resource abundance‘and distributioh-patterns,

t

these, ideas have not been tested on reefs. My primary goa] {
was to 1nvestigate\the effects of differences in eco]ogical '
factors on social ‘systems of selected Caribbean parrotfish
'by carrying out a correlative study in severai reef locatiohs.
While experimental interventions are usefu] for testing
hypotheses, they are not the sine qua non of sc1ent1f1c
activity (Chitty, 1967), and would in fact have, been
premature in the’pooriy'knowh system under sumveiliancetlThe
’correiative approach, when'compined Withﬂcareful and
quantitative behaviourai;measureHEnts, can -be a productive \

iz 4

| means of'testihg sociobio]ogicai theories (Gould, 1980). \V
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\supp]y on reefs (Robertson and Sheldon, 1979)

\ ! .
" . \\ ‘ ! . 4 . ‘ "
The distnibution ‘and abundance of food is usually

considered to e the ultimate determinant of labroid social

~Asystehs with?d fence of sbace appearing only when resources

{'
make it ecoriomically feasible (Choat and Robertson, 1975;

',Barlow, 1975; Robertson and’ Warner, 1978 Thresher, 1979a;

Warner, 1979). However, thévunder1ying assumptjoh_that these

fish are‘actualﬂy competing for’food.has never been tested.

Likewise, no one has looked at soc1a1 systems over a range

of food levels Many reef f1sh~space themselves in relation

to coral cover (e g. Sale, 1972a, 1972b; Choat and

" Raobertson, 1975; -Fr1cKe, 1979) . There is ev1dence however,

to counter the w1de spread be41ef that cover is in short.

Terr1tor1al

\aggress1on by other spec1es affects socxal organ1zat1on by

\or01ng fish to“form schools in order to feed (Bar]ow,

974b; Robertson et al., 1976). The effect of predators is

miich morerd1ff1cu1t to assess (Luckhurst 1977, Sale, 1980)

and may, 1n fact, be of relatively 11tqle jmportance to the

‘spec1es stud1ed here (Williams, 1980). ‘F1nally, spawning s1te

. suitability should be considered, s1nc% many reef species

are apparently'quite selective in their\spawning locations

(e. g dohannes 1978) and the poss1b1l1ty that mates may be
a defended resource has. been raised (Emﬂen and Or1ng, 1977,

Thresher 1979a}). 1 set out to measure each of these factors

‘at several reef locat1ons at the same t1me that I determ1ned

the socua] structure and.behav1our of three parrotf1sh

species.



My approach was a CQmpromise between‘broadly‘based but';
necessar11y superf1c1a1 surveys of many species (e.g. dOnes,u'
1968; Choat and Robertson,'1975; Rober tson and warner,- o
1978}, and more detailed 1nvest1gat1ons of one.species (e.Q.
Buckman and Ogden, 1973) Because the two common Car1bbean
genera, Sparlsoma and Scarus, apparently show rather
different social behav1ours,, with the former more solitary 1
than-the'laffer (W1nn and Bardach, 1960 Barlow,v1975) I

resolved to. choose . one spec1es from each for compar1son[ of

‘ the two SpaPISQma spec1es common in my study areas (see

Chapter 4), one, Sp. viride, was 1oo 1arge and - vag1]e to be-
observed profitab1y. Therefore 1 chose the other, Sp.

aurof renatum, the redband'parrotfish as the Sparisoma

A representative. S1nce the dataabase on Sc: lserti

(= cro:cens:s) the striped parrotf1sh was already

-relat1ve1y 1arge 1n other Car1bbean 1ocat1ons, I decided'to

study it, along w1th its poor]y Known' and very closely
related congener, Sc. taenlopterus the princess parrotfish.

In addition to determ1n1ng HBW»the ecological factors -
chosen var.ied from 1ocat1on to 1ocat1on; I generated
hypotheses concern1ng how each factor should affect social
behav1ours (Chapter 3).

I was also concerned w1th gather1ng base11ne data on

npopu]ation procésses'in parrotf1sh (Chapter“4). A

controversy has arisen recently as to whether reef fish

communities are determined by stochastic processesi(Sale and

Dybdahl, 1975, 1978, Sale, 1977, 1978b) or competitive

Ml
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interéctioné and -niche spécialization,(e.g. Smith and Tyler,
1972; Smith, 1978). I hadjnorintentiqhs of attempting to
resolve this debéte However, fnfonmation.on pdpu]atibn
stab111ty and Juvenlle recruitment is very “1imited,
espec1ally from 1ong term’ stud1es, yet 1s cruc1a1 to
_understanding how reef communities function (Sale, 1980).
The major role played by paertfi%h in thelreef;eéosystem
neCes;itated.an impﬁoved QnderStanding of their population
'cyéfes. | | | | | '
The'imporfan¢e of interspecifig competitibn among
closely related species has beén‘ingeétjqated'ih the
damselfish (Sale, 1974, 1975, 1978a; 1878b, 1979; 1tzkowitz,
1977b; Rdbehtéonvand Lassig, 1980; Waldner and Robertson, '
1980), but not in the. parfoffish While often éopsidered a.
spec1a11zed group (Hobson. 1974, 1975; Ogdéh and}Lobel, |
1978), their lack:- of morpho]og1cal var1at1on (Schultz, 19858;
Randall, 1963b) ‘hints that they may be very similar
compet1t1ve1y In Chapter 5, I consider the‘quéstion-of
'compet1t1on for space by carry1ng out an analys1s of the1r
'spat1a1 distribution patterns. In a later chapter (7),
competition for food is discussed. Substrate variables might
‘?lso affect spec1es d1str1butjons (e.g. Luckhurst and
Luckhurst, 1978a; Fricke, 1979), and this aspect is
considered as well in‘Chapter’S. Determining whéf controls a
species"distributidn in space is a requisite of
~understand1ng what limits are placed on its soc1a1 system.

The degree to wh1ch animals remain in part1cu1ar
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locat1ons (i.e. site- attachment) may depend on .their soc1a1
status. Individuals pass through "different behav1oural -
states as pant of. the1r life cycle. Parrotfish life h1story
is‘complicated by sex:and coiour changes, which are still
boon]y,uhdebstodd. The amounts and mechanisms of individual
‘tUEnover withih and between groups must be elucidated to
learn how social g}ohpings are maintained. Chépter 6 deals
-w1th these problems, and compares ‘the population structure
and processes of individual turnover for spec1es 1nhab1t1ng
different areas. ' .

In Chapten,7 quant1tat1ve 1nformat1on on feedlng,

reproduct1on, and social behaviour is presented 1n the form

of act1v1ty (time) budgets Use of space is also cons1dered )

‘there. The overall goal of this section is to characterjze

~

“

each species’ soéial system, determine the extent of its

variab%lity under differehf ecological regimes, and, through

the .analysis of time budgets, pinpoint‘the priorities of the

“fish ihhabiting'eaeh ecological zone (e.g. Feeding,
reprodUction, etc.). As well, I cons ider whether speoies,Use
space and food in different‘ways. In a concldding chapter
(8), 1 discuss Whicﬁ ecological factors have the greatest
effects on pérrotfish.sbcié] behaviour, I also explore the
“impact of social systems.on population stability. The three
‘species chosenifoﬁ intensive study are coﬁpared %h order to
elucidate their different adaptations‘for<shafing space and

food in the-complex and variable reef environment.

.
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I1. Methods and study areas

A. Location ‘and time span of stud1es | _
1 stud1ed parrot ish social behav1our at the Bellairs
Research Institute of§§¢Gill University on Barbados (13° 10

N, 59° 30’ wi; a sﬁal] coral-capped island lying in the
North Equatorial Cur;ent approximately 140 km east of the
Lesser Antilles in the southern Caribbean (Figure 1). The
distribution and species composition of Barbados reefs were
described by Lewis (1960a) Stearn et al. (1977) mapped the
ecolog1cal zones in the vicinity of Bel]a1rs, where my work
‘was carried out.

The study ran from May, 3976n'to August, 1977, and from
May, 1978, to July, 1979. Owing to a diving injury no
obsefvations were made tn May, 1977. In August, 1979, I

“studied Sp, aurofrenatum in the San Blas Islands of Pahﬁha

(9° 39’ N, 78" 45’ W) on two patch reefs near Porvenir

Island (Robertson ahdﬂGlynn, 1977}. |

Four permanent study sites were set up in Barbados over
~ the course of the project (Figure 2). 1 chose the study \
sites‘because'they had abuﬁdant parrotfish, represented
different coral zones, and were relatively free of -
inter ference from local fishermen. Although ‘some trap, line,
‘and spear fishing occurred on the 51tes in 1976 7 f1dpermen
Kindly agreed to stay away in 1978 9.

Fach site consisted of a rope grid of 10 m by 3 m

quadrats laid on the bottom. Coloured tapes were attached to

4N
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Figure 1. Location of Baﬁbados and study a}eag on the west
coast. ; ‘ ‘ : 3
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Figure 2. Bathymetry 6f“the coast near Bellairs Research

Institute showing locations of study sites M, A, B and P
(from Stearn et al., 1977 and Richards and Bird, 1870).
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the borders of each quadrat to allow jdentification of the .
diver's pos1t1on in the gr1d using Cartes1an coord1nates A
brief description of each study s1te follows.
site M | |

- Site M, known locally as the Moorings, . lay inshore, ca.
200 m fromthe beach (Figure 2). Forty quadrats were

established in dJune, 1976, for a preliminary study and it

‘was enlarged in August, 1976 to 100 quadrats. Its final

overal] dimensions were 30 m by 100 m (3000 m2). Site M

contained a mixed coral commun1ty (Lew1s, 1960a) which

sloped gradually seawards from 6 m to 18 m in depth. At its
wesiern (seaward) ‘end it joined a series of c1rcu1ar ho1llows
that may have formed by solution dun1ng Pleistocene low sea

1evels (Stearn et al. 1977) It had-the most heterogenous

cover of a]] the study sites, and conta1ned four

well-delineated coral zones, in 1ncrea31ng distance from

’shore (Figure 3, zones descr1bed by Stearn et al., 1977):

1. . The rubble zone- (P]ate 1A) consisted ma1n1y of cora]
rubb]e, sand, small coral knobs (Diploria strigosa and
Montastnea annular:s) and some finger corals (Poriteé
porites and Madracis mirabilis).

2. The staghorn coral zone. (Plate 1B) cons1sted of 1arge
standé of Acrobona cervicornis, a sharply pO1nted
branching coral, together with some massive, clubbed

' heads of Montastrea annulanis. )
3. The finger corallzone (Plate 1C) aovered parts of the

. reef that sloped gently from 10 m to 15 m. It consisted



Figure 3. Coral zonation at site M.
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of delicate branches of Madracis mirabllis, with some
Porites porites, and rubble

4. The pillar coral zone (Plate 1D) covered the steeper

| slopes at the seaward end of swte M. It cons1sted of
massive corals (Montastrea annularls DlplOPla strtgosa
and Sfderasthea spp.), many of them dead, and sand.

In addition, some areas at site M cohsisted entiﬁely of

coral_rubble,'which may have been created by ancHor chains

from boat moorings fﬁat had been removed.

Horizontal visibility at site M varied from 30 m to
less than 3 m during periods of heavy rainfall or winter
swells, and averaged 10 to 1§ m. The temperature at all
depths and study sites varied from 29.5° in September to
26.5° in March (Sander and Steven, 1973).
site B | |

site B (Figure 2), known locally as the BanK Reef, was
chosen to represent an offshore area. Site B lay 600 m |
offshore_at a depth of 13 m on the ridge top of a'barr%er
reef which parallels most of the west coast (Macintyre,
IT967). It was established in December, 1876 and contained 50
quadrets, with approximate total dimensions of 30 m by 50 m.
Due to an error in 1ay1ng 11nes some quadrats were wider
than 3 m. These were later measured both underwater, and
with a p]an1meten on. photographs. The actual area of site B
was 1800 m2. The_barrieﬁlreef is covefed mostly by evenly
distributed dome-shaped corals (Diploria spp. Montastrea

annularis, M. cavernosa, and Siderastrea siderea), soft



Plate 1. Examples of coral types:

A: rubble zone with sand, coral rubble, and sm llkknob-like

coral heads.

B: staghorn coral zone of Acropora cervicornis

An Iph Sc. iserti swims in the foreground; ‘

C: finger coral zone showing Porites porites. Madracis
mirabil is is similar, but smaller and finer. An| Iph Sp.
aurofrenatum is visible;

D: pillar coral zone with massive corals and sand;

E: coral cover type on barrier reef near site B;

F: denser coral cover on barrier reef . site P.

1
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corals, sponges and sand (Ott, 1975; Plate 1E). A trough up
to 40 m deep separates this offshore reef from inshore
comnunities in some places, but inshore and offshore regions
are continuous near the circular hollows mentioned above.
Site B was subject to heavy swell action from Decemb¢r to
April. Visibility averaged over 20 m, and ranged from 12 m
to 30 m. |

~.Rite P

Site P (Figure 2), known locally as the Parasail Reef,
also lay offshore, and was chosen primarily to act as a
control for site B. No experiments, collections, or marking
of fish occurred there from 1977 on. Consisting of 50
quadrats (30 m by 50 m, 1500 m2), it was established in May,
1978. Sfte P lay southwest of site B some 800 m from shore
at 13 m depth on a separate lobe of the barrier reef. Coral
composition Eesemb]ed that of site B, but the corals were
more densely packed at site P and gorgonians (sea fans and
whips) grew more luxuriantly there (Plate 1F)¥ It lay close
to the shorewardband northward slopes of the barrier reef.
The visibility averaged over 25 m, except during winter
swells, when it fell to 12 to 15 m.
Site A

Site A (Figure 2), the Martlet or Acropora Reef, was
established in May, 1979, for comparative purposes when I
discovered that numerous adu]t‘parrﬁtfish immigrated there
at sunset (Dubin and Baker, 1981). It also consisted of 50

quadrats (30 m by 50 m, 1500 m2). Site A lay 450 m offshore

*
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"\at 15 m to 20 m depth on a narrow ridge‘between two circulan

hollows -which adJo1ned the offshore barrier.reef. Coral

(23

‘rcover resembled that at; s1te M although 1t was less

heterogenous. and lacked the 1ow reljef rubble. and sma]l -
.bknob coral zone (Plate 1a). Staghorn cora] (Plate 1b),
f1nger corals (P]ate ic), and some rubble were most common.

P1llar c rals (Plate 1d) appeared on 1ts s]op1ng seaward

end Sitle A was deep enough to be protected from heavy wave

E3]

action but light levels were lower there . and v1s1b111ty

ranged from 10 m to 15 m.

B;-MeaSUrement‘of'eco1ogical variables

‘ In order to assess bottom cover at sites B and P 1

'photographed each 30 m2. quadrat us1ng a N1konos camera

o fitted W1th a N1kkor 15 mm 1ens I could fit one entire
quadrat into the picture by hover1ng 6 to 8 m. from the
bottom. An ass1stant placed a 1 m2 gr1d in the centre of the‘
quadrat for scale placed a pole to mark .one end of the
quadrat,‘and sat at the<other end hold1ng a slate to
identify it. I used Kodak Tri-X (ASA 400) black and white
film at site B, and, Ekta hrome (ASA 200) colour slide film

" at site P. Natural light Tevels were adequate. on brwght
‘days I made 20.3 by 25.4 cm pr1nts of the s1te B~ p1ctures,

: and prOJected the s1te P slides on a screen. The percent
cover in each'quadrat by sand and rubble was estimated by

'fcountingl100'to:125’random points (Bohnsack; 19739). A more
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1nvolved analysis of the coral Spe01es present was
A W

\wanarranted since speCJes compos1t1on was similar at the
V@tﬁo sites coral cover was relat1ve]y hunogeneous, and it
' had already been well described (0tt, 1975). o

Ow1ng tq lower water clar1ty at site M, I was unab]e to
photograph each quadrat entirely, so took 300 black and | |
white pjctures of 1 mz,subquadrats. The percent cover in
eaon quadrat by sand and rubble, snall knobflike heads,
finger corals, staghorn coral; and nassiVe coral heads was
measpred'by counfjng sduares in an overlaid grid. The;.

photographio analysis‘agreed well with my‘subjective

estimate of coral type (Figure 3). |
No photographs were taken 'at site A because of time
limitations. However, I prepared a map of substrate type and

"v1sua11y estimated cover by sand and rubble, f1nger corals,

4
7

‘staghorn coral’ and mass1ve coral heads. ' //'

Eood supply s | : A
‘ The‘feeding habits of parrotfish have been the subject

of controversy, some authors cons1der1n9’parrotf1sh

~omnivores (Al-Hussaini, 1945 1847), feeders on live corals
(Gohar and Latif, iéSQ; Hiatt and Strasbourg, 1960), or on
macrophytes and fi]agﬁntous.algae (Randall, 1967, 1974;
Vivien, 1973; Smith and Paufson, 1974;=Choat‘and Rober tson,
1975); Although they lack lichenase or cellulase in their\
guts, grinding by their pharyngeal mill may expose plant

cells to digestion by amylases (Gohar and Latif, 1960: Ogden
and Lobel, 1978). It seems clear that their feeding habits
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'may vary constderab1y among geographtc'locations but that
parrotf1sh are pr1mar11y herb1vorous Macrophytes were
uncommon on Barbados “west coast (Lewis, 1960a), -and scar1ds E
there grazed the surfaces of dead coral and sand removnng
‘f11amentous red, green and blue-green algae, detr1tus, and

N small 1nvertebrates (Vivien, 1873; Parr1sh and Z1mmerman,
;Jd 31977; Brock, 1§19; Spoffin et al., 1980). Only one species,
"Sp, viride, grazed'live coral, but did so rare\y\(QYgi,
1975; 'Frydl, 1979: pers. obs. ). | \\\s\ |
1 est1mated food supply at each site by measuring the
'b1omass of f11amentous algae . that sett]ed and grew on
| porce1a1n bathroom t11es (232 cm?) over - 21 days (V1ne,
1974) . Twenty- four tiles were placed matt s1de up once.a
month at s1tes M, ‘B, and P from September, 1978 to dune,.dd
1979, and in June, 1979 at s1te A A11 samples 1n February,"
1979 Mere lost in a severe storm Care was taken to avo1d |

,overha gs or the terr1tor1es of herb1vorous damse]flsh whose

aggress1ve and "farm1ng" behav1ours 1ncrea$e reef algal

b1omass (Vine, 1 974 Braw1ey and Adey,.1977 Lassuy,‘19807'."

‘ Lobe] - 1980). ‘T11es were placed on b]ocks tc prevent them
from beif g smothered by sand ‘“. /
I e t1mated biomass on both grazed and ungrazed t11es;
Half: of the tiles were protected from graz1ng w1th1n cageS'
of 19 mm diameter wire- mesh This mesh s1ze Was suff1c1ent~
to}exc]udc both fish and 1nvertebrate herb1vores w1th the
exceptiOn of.. smal] snalls and JU en1le parrotf1sh I

excluded Juvén11e parrotfhsh by ra1s1ng the cages 0. 75 'm

4.
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above the sea floor and lining the bottom of the cage with
black plastic. Juveniles did not swim more than a‘feW'
centimeters above bottom (Itzkowitz, 1974). Snails,
_encountered rarely, were removed
Once an alga] mat appeared on the exposed t11es they

were grazed, and were eovered with parrotf1sh beak marks
upon collection. I had no reason to be]ieve'that.the exposed
ti]es'were}grazed more or less heavily than the surrounding
substrate. | | |

~Material that had grown on each til§ was scraped of f

with razor blades, macroscopic yinvertebragtes were removed,

and the ca]cium carbonate sediment was dissolved in dilute,

HC1 (Vine, 1974). Samp]es wer iltered onto prev1ous1y

E dr1ed and we1ghed f11ter papers, dried overnight at 80° C

and wefghed to 0.001 gm
Biomass of a]gae from caged t11es, i.e, tiles.

gprotected from graz1ng, represented the potent1a1 food

supply of an area. It estlmated the food that would have

‘ been avaﬂable 1f no grazmg were occurrmg, ‘was

1ntended to reveal differences at S1tes due to depth,
'nutrlents, 11ght and factors other than grazing. Biomass on
| t1les exposed to graz1ng est1mated the actual food supply of
- an area,‘the amount ava11ab1e to a fish at any one time.

L;fTaKen together the two measures could be used as a rough

"1nd1cator of an area’s food supply. Although biomass

"',erst1mates 1gnore algal species compos1tlon or food quality

. »

,ydlfferences among study areas - they allow a ranK1ng of areas



25

3 ' ‘in_ordervof food abundance. A detailed stUdy of parrotfish
feeding ecology, wht]e,much needed, was beyond the scope of "
this study. ”

' compet itors
To assess the densities of possible parrotfish

competitors, I counted all visible fish (except parrotfish,
whose:nUmbers uere'estimated sebabately).'Surveys were made
on two occasions 6 to 18 ‘months epart at'sites M, B and P,
and once at site A, by two observers swimming s1de by s1de
Up and_ down the study area lanes. Emphasis was placed on
countwng herb1vorous damselfish which are known to excludeY
parrotf1sh from the1r territories (Vine, 1974; Robertson et

“al., 1976). The most common species, Eupomacentnus

i planifrons, cultivates rich algal tawns which are an

attractive foodvgource to other herbivores (Robertson et
, 1976; Kaufman,;1977). This visual SUrvey'undereetimated '
yery-sma]lffigh (elg. Gobiidae, Blenniidae and Clinidae),

,dﬁand-secretive soecies (Scorpaenidae and Murdenidae). However

| it gave . good est1mates of the consp1cuous f1sh most likely
to compete w1th parrotfish: Pomacentr1dae and Acanthuridae.

i . ‘d Invertebrate henb1vores were not counted Conch

v
L

i |  '1 (Stpombus spp. ) were uncommon at all study sites. The sea
. urch1ns Tripneustes esculentus and Echlnometra spp were
I Lo rare]y seen. Wh11e the urch1n Diadema antlllanum peaches
| great dens1t1es on ‘the fr1ng1ng reefs of Barbados (Stearn et

| o al.”‘1977), 1t ‘was not abundant at my study s1tes

%
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: Ab10t1c vgr;gp] es

T1da1 rghge in Barbados is only 1 m (Lewis, 1960b), but
I noted tide height (i.e. high, ‘midway, low) and movement '

(ebb, slack, flow) based on tables supplied by the

v'Meterological services of the Grantley Adams International

Airport. Temperature was measured‘each week at a depth of 10
m with a hand-held thermometer . “ | '

. I-paid particular attent1on to- factors which might
influence spanning behav1our Researchers have noted that

fish producing plankton1c eggs spawn nhear deep,.seaﬁard reef .

'slopes or promontor1es, often in the same spot for many

years (Randall and Randall, 1963 Rober tson and Choat, 1974;
Choat and hobertson, 1975; Robertson and Hoffman,'1977 o
Co]Lp 1978 Co]1n and Clavijo, 1978; dohannes, 1978; Lobel,
1978; Thompson and Munro, 1978; F1scher, 1980; Ubnes,'in |

press). Areas that are swept by currents are often chosen

for spawn1ng ( Johannes,, 1978 Warner and Hof fman, 1980b)

a110w1ng fish to broadcast their eggs to ocean1c waters

where the larvae develop, or avoid egg predators which, hover

over thevreef} ( Johannes,. 1978; Bar low, 1980). Reef fish may

select spawntng sites near points where cgrrent gyres will

- carry eggs off the reef and return pre-sett1ement larvae to

jt (QOnes, 1968; Sale, 1970 Emery, 1972 Leis and MiT]er,‘
1976; Johannes, 1g78). 1 subjectively . monitored the
d1rect1on and 1ntens1ty of any currents, and noted each
site's prox1m1ty to offshore ‘waters, reef slopes and

promontor1es.
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C. Identification of individuals

Identification of individuals is necessary in most

ﬂbehaviouralﬁstudies. Most terminal phase maJes, and some

initial phase fish, were recognizable from scars or
variations in their markings. This is afcommosﬁy.used
teehnique (ReeseQ 1873; Sale, 1974;ew1111ams, 1978; Warner
and Hofrman, 1980a). For Tph Sc. taeniopterus and Sc. iserti
(Plates 2, 3), I used the shape of the blue bands between
the eyes, and the pattern of orange margins and"shots on the
tail. For Tph Sp. aurofrenatum‘(Plate 4), 1 used the shape
of. the black and yellow pbst‘opercular spots (see also

Bohlke and Chaplin, 1968, or Chaplin and Scott, 1972, for

details of colour patterns). 1 sketched an individual’s

features carefully on first sighting,~and carried these

- sketches W1th me for Future reference Add1t1onal sketches

were made occas1onal1y to verify 1dent1f1cat1ons

F1sh at sites M and B were captured in small Antillean

'fish traps (Munro et al., 1971), transferred at depth = ™~

P
/‘

through a sliding door into a soft mesh bag, and marked by\

subcutaneous injections of acryl1c pa1nt (Thresher and \

Gronell, 1978). The marking procedure minimized the time ¢

'f1sh spent in captivity, and prevented overexpansion of the

gas bladder caused by br1ng1ng the f1sh to the surface. 1.
could mark and measure six fish in less than 10 minutes. The

acrylic;marks were v1s1b]e from 2 to 3 m away for three to

'six weeks, and were apparent after six months in hand-he1d
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A‘specimens.,Early efforts at ‘sewing beads or disc tags into

the dorsal musculature failed because tags usually ripped

out.

The positions of known individuals within the grid were
recorded at each sighting so that disappearances, newcomers
or'shifts could be discerned. Flsh whose terr1tor1es '
bordered on each study grid were also 1dent1f1ed in th1s

way.

D. Population estimates
In order to measure population compos1t1on and

fluctuations, I made week]y grid surveys. at all sites (twice

: weeKly at site M in 1976; weather and health perm1tt1ng) by

sw1mm1ng up and down the lanes of quadrats The spec1es,

" phase (juvenjle, Iph, Tph), and behaviour of all parrotfishA

encountered were recorded, along with the size and
composition ofegroups S1m1lar transect surveys have been
used by many researchers (Brock, 1954 Bardach, 1958;
Bradbury and Goeden, 1974; Rotenberry and Wiens,~1976; Keast
and Harker; 1977; Demartini. and Anderson, 1980; Hixon,
1980a; Larson, 1980a; Leum and Cheat, 1980; Waldner and
Robertson, 1980; BirkeTand and Neudecker, 1981). BehaVioural
categories were sw1mm1ng. feeding on dead coral or sand,
s1tt1ng (i.e. holding the same position in m1dwater, or
resting immobile against coral heads ), andn}nteract1ng

aggressively with other fish. This information was used to

- A —

Acomplement'the more detailed activity budget information
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. _ |
'(see below). Fish were classed as being in groups when they
. v
were feeding or sitting within one to three body lengths

from other fish, or were swimming in the same direction. I

swam 1 or 2 m above the tops of the coral heads and counted B

known individuals each ttme they were seen, on'the‘
assumption that mu]tiple sightings were balanced by none for
some fish. This assumption appeared to be supported by the~»
| data (compare Table 5 with Tables 19 to 21) For example N
6.33 Tph Sp aurofrenatum on average were counted at site B.
~Three to four males had terr1tor1es completely within the
study grid (Table 19), four others over lapped it partially
ﬁand were seen only sometimes, and 8.2 % of the’males sighted
uere unidentifiable or non-resident. |
I watched carefully for juvenile fish durtng the
surveys. They were identified on the basis o? cdldur pattern
- (Sp. aurofrenatum and Sp. viride, see Chapl1n and Scott,
1972); ‘and size, which was estimated visually at less than
50 to 60 mm standard length. 1 could not d1st1ngu1sh among
the Scarus Juven11es underwater The presence of new
vrecru1ts (f1sh under 15 mm SL, Leis ahd Mitler, t976) was
neted, and their size estimated relative to the width of my.
fingers. | u
Diurna] Variations of numbers were investigated‘by

maK1ng the survey during each of four time per1ods 1 to 2
hours after sunrise, 3 to 5 hours after sunr1se 6 to 8

- hours after sunrise, and 9 to 11 hours after sunrise. Thus

each.iime period was sampled once every four weeks at each

W
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site, w1th the order randomized to lessen any confounding
" effects due to moon phases or t1dal cycles. At each survey,
I noted the tidal state, water temperature, force and K
direction of any currents; along Q}th water calmness and
cloud cover. No surveys were conducted when visibility fell
below 6 m. |

These surveys'a1lowed estimates Fﬁ:pafrotfiéh Qensities
and distribution, group composition, behaviour and diurnal
..or seasona1 changes in abundance. Théy élso he 1ped ﬁé to
detect-disappeaééﬁces or shifts of known individuals. DQe to
its sfze, only half of site M was surveyed on each of 58 )
occasions in 1976-7, and 50 t1mes in 1978-9. The halves were
a]tgrnated each week. Sites B, P and A were sampled entirely
each time. Site B was surveyed 22 times in 1976-7 and 48 '
times in 1978-9. Site P was surveyed 48 times in 1978-9.
Site A was sampied four times in dune,'1979 and was excluded

~

from analyses for diurnal or seasonal trends.

.E Behav1oura1 studies

General observat1ona1 echn1gues

A1l observations were made using SCUBA gear at depths
of 6 to 25 m..SCUBA‘diving’s ma jor disadvantages are cold
'fatigue, and 1imited time due to dépfh donsidérations. Each
dive lasted £rom 50 to 120 minutes; I could d1ve at most
three times a day. The total observatwon time (900 hours)
was small ccmpared to many terrestrial stud1es However, the

fish were nearly always in view, and appeared;uncohcerned by -
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my presence. My behavioural_bbsehyations were thus both
inténsive and reliable. There is no doubt that the fish Knew
I was there. However, I felt that they rapidly became
_accustomed to mef"By not Kickingaup sand with my fins, and
by hovering 2‘fo 3 m aQ;ve and behind the ffsh, I minimized
my effecf on their behévioUr. Two to 3 m was chosen because
fish stopped following me with their eyes at that distance.

Reproduct ive behaviour . |

- Pair and group spawning werefnoticéable evehts that
have been well described (Winn and Bardach, 1960; Randall
- and Randall, 1963; Buckman and Ogden, 1973; Barlow, 1975; -
- Colin, 1978; Robertson and’Warner, 1978; Dubin, 1981). I
noted all bouts of spawn1ng, but because I could not always
pred1ct on what days and where on the reef spawning would
occur, my attempts at measuring actual amounts of spawning
by spec1f1c individuals failed. However, I‘éxpressed the
total number of days on wh1ch spawn.ing occurred in an area
as a pr0port1o; of the hours of observation spgnt there
,during each speciés"daily,spawning beriod, thus obtaining a
‘}ough measure of the amount of reproductiVe activity for a
given species in each area. ‘ |
Feeding behaviour | .

To determine whether species differed in food habits, I

obgerved 10 Iph and 10-Tph Sc. iserti, Sc. taeniopterus, and
Sp. aurofrenatum at sites M, B and P in 1378. The number of

'bites on sand, rubble, massive coral heads, branching corals

(this included both staghorn and finger corals), and other
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objects such as sea urchins and gorgonians were recorded
during a five-minute period. I could not see what a]gae the
fish were ingesting, and could oniy infer differences in
food intake from differences in the substrates grazed. Al
feeding observations were made between 0900 and‘1600 hours
to avoid reductions in feeding activity nean dusk and dawn
(Dubin and Baker, 1981). |
: c;1v1ty Qgggg__ and space ut1llza;1on Qatterng

To measyre fish activity budgets and space utilization
patterns, 1 u§ed the instantaneous sampling method of
Altmann (1974). Al such samples were taken between 0800 and
1700 hours, with most between 0900 and 1600 hours. I
followed one individual continuously. for severa] five to 25
minute sampling periods (mean = 11.1 ninutes) and noted its
positibn and behaviour every five seconds on a map of the
grid drawn on a slate or p1ece of underwater paper. A
five- second interval was sufficiently br1ef&?g prov1de an
adequate sample in a short t1me yet was long enough to
allow efficient coding. From 1976 to early 1978 1
estab]ished the time %nterva] by counting (Nursall, 1981).
Later I watched a flashing submersible diode light aftached
to my mask, or less often watched the'second hand of a
~ diving watch. Use of an_exfernal timér decreased the
variance o%‘the«interval'between counts and brought it
nearer the chosen interval of five seconds (without timer
mean interval = 5.8 seconds, s?2 = 6 6, n = 521; with timer\

301).

mean = 5.2 seconds, sZ = 0.9, n
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I built up a map of space utilization patterns'in a
study area by sampling all resident terminal phase males at
least twice within a two to 10 day sampling period. Due to
interruptions in my diving echedule, sampling periods were
occasionelly longer . In 19876 and 1977 such samples were made
at site M and site B at irfegular intervals. In 1978-9 I
~mapped each site at‘approximately six month intervals. Site
B was sampled in May-dJune , 1978, October-December, 1978 and
May, 1979. S%fe M was observed in July-August, 1978, and
danuary-February, 1979. S1te P was mapped in September,
1978,. and Aprii, 1979. Site A was sampled once in May- June,
1979. In1t1a1 phase fish were too abundant to be completely
samp1ed so all those res1d1ng in subsections of the study
grid were observed irregularly in 1976-1977 and oncelin
1978-1979. Site M Iph were observed in February-March, 1878,
site B Iph in December, 1978, and site P Iph 19 September,
1978. Too few site A Iph were sampled to warrant analysis.

Not all parrotfish were residents of the study areas

(see Chapter 6). 1 followed intruding Tph on a few occasions . .

‘put their numbers were small. I could only distinguish
resident Iph fish by marking, but followed unmarked fish as
- well. These .latter ﬁere chosen haphazardly from the study
gr1d -

The 1nformat1on from 1nstantaneous sampling was coded
for computer analysis to produce

1. A map of each 1nd1v1dual s home range or’ terr1tory

during each sampling period.

\
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2. The area in m? enclosed by each individual’'s movements
during éach sample.

3. The percent of“time spent in each portion of the
territory.

4. The activity budget, expressed as the percent of the
total behaviours counted that were made up by a given
behaviour. . :

5. The qistribution of particular behaviours throughout the
territory.

I paid special attention to aggiressive interactions, and

tried to identify the individuals involved as well as the

intitiator and the level of intensity. A detailed

/descriptidn'of the behavioural categories used is found in

Chapter 7. ‘ ‘ggQ

>

F. Collections and removals

To assess_fiih sizes a,‘i‘ xual state, and to check my

Visual estimates of length,” ipped or speared fish
interhitfently throughSUt the study; Jhey were weighed and
measured, aéﬁatheir gonads were weighed and prgservéd“in-
‘Bouin's solution fér histological analysis. Most fish were
taken:fﬁom areas near the study grids. Howe&er no fish from
neay,site P were collected after 1977.

) Intensive trapping and removals of Tph Sp. aunbfrgnatum
occurred on’ one portion‘of site B in July, 1877. In 1979,

five site B Tph males were removed serially from one

territory at two to five week intervals, and the time until
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the-next male arr1ved was measured Resident f1sh were ;
captured in traps measured and re]eased on s1tes M and B
'at 1ntervals of one to eight: months By 1978 1 could '

| v1sua11y est1mate f1sh size to w1th1n 10 mm. “Lengths are
quoted 1n m1111metres in the text unless otherwise noted,

and are g1ven ‘as standard lengths (sL).

€

(228

» G Computer ana1ys1s
I analysed, data on the computer w1th stat1stlca1
-'—~*~w~—~mckages such as SPSS and BMDP. The'statistical tests used
| ‘are’ descr1bed in S1ege1 (1956), Sokal and Rohlf (1969).
- Snedecor and Cochrane’ (1980) Values quoted for statistics
are shown with the degrees of freedom 1n parentheses 1
,wrote computer programs in FDRTRAN and WATFIV to-calculate
act1v1ty budgets and prodUCe territory maps. A SURFACE
tgraphtcs package from‘Un1vers1ty of Br1ttsh Columbia was
1mp1ementeb to draw three- dlmen51ona1 perspect1ve v1ews of
gspace ut111zat1on patterns‘ Spec1f1c details of ana]yses are
g1ven in pert1nent chapters Because of the large quantity

'of data 1nvo]ved raw data, are not always presented 1n the

/

' _thes1s, but rather have been stored on computer tape cop1es

of which: are . ava11ab1e on request from the author
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I1I. EcologlcaI var iables ‘

Analys1s of coral cover, food supp]y,&compehtors and
;-spawnlng su1tab111ty allows character1zat1on of the_ ‘
f\\\v \‘ ‘ecolog1ca1 s1tuat1on at each study area It also perm1ts
| setting up spec1f1c hypofheses concern1ng the effect that -

ch factor should have on parrotf1sh soc1a1 behaviour.
‘A. Cover. y |
’ ‘The four study areas fe]] 1nto two groups with very
dnfferent coral types: sites M and A on the one hand and
- sites’ B and P on the other (Table 1). Sites M and A had ,
staghorn cora]s, flnger corals, rubble and some. 1arge cora]
heads. Site A 1aeked the Knob*\1Ke coral heads that were
present in the shoreward end of site M. Site M had 1e$s
— l} coral cover per quadnat than slte A, but this was part]y an
| artifact of its greater size and overall heterogeneity.
F1nger cora]s,‘staghorn coral and small knob-like coral .
 heads were scarce at s1tes B and P. These two barrier reef
1tes had clumps of coral and. other sedentary organisms
du’:f1nterspersed with sand. Hem1spher1ca1 coral heads compr1sed
the gréat maJor1ty of the zoobenthos, sponges, gorgon1ans,
sea anemones and ant1pathdr1ans made up only 7 % of the
| bottom (Ott 1975) Site P"had denser coral cover, and a

A

‘ *pﬁﬂower var1ance in percent-cover among quadrats than did site

B (Table 1). Assuming no differences in sites B and P in the
percentage . of each coral co]ony that was dead then site P

with more_eerals, had more total dead cora1 surface - a
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Table 1. Avyerade percent cover by sand and rubble, staghorn:
coral, other substrate types;.finger‘cOra153 énd:sma11".‘ |
Kknob-like oral;heads‘at:each'study site. Other substrate
de.dome*shaped*cora]_héads, gorgonians and

sponges of \which coral heads are the most abundant. Tota1

. coral cover and percent dead coral! are also shown. Values

are mean per quadrat + sta dard deyiation. n: number of

| Gite W T Site A Site B . Site P
a0 on=50  n=50 . n=S0

sand and ribble: : | o
958211 43.6427.1 42.2:14.9 25.1%. 6.1

Staghorn 118.3:23.2 48.0:29.5 0.0 0.0
coral \ o ‘ ' , :

Other :dome €¥2if2.0' 5.4¢11.5 57.8414.9 74.9% 6.1

corals v

Finger 21,3  3.6£ 57 0.0 . 0.0
- corals Lo o Lo

Knob-like 10\4%14.2 0.0 0.0 . 0.0

corals ' : ‘ o . o

Total coral co \n:a- - ) ' ‘.—‘  ’ {

60:8421.5 56.4:27,0 57.8:14.8  74.9%6.1

Percent dead coral®s .
B L-PRE: 3.4 14.1% 6.8 10.4: 2.7 13.52 1.2

‘1Calculated using gfad“coral,: 18 % of total coral cover at
‘ sites B and P (Ott, ‘
coral cover at sites M and-A.

1978), and dead coral = 25 % of total

-
A : _
B o

o v ;ég'l - T N ‘ RN s
e ,@413” T A

g : -~ ) #’ "’.‘ ’ . 3 . - . ' N
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o By




38

’

_ major grazing substrate'of Barbados parrotfish (see Chapter

7) - than site B. I cou]d not distinguish dead and live

cora] rel1ab1y in my photographs of sites B and P However o'w‘

Dtt (1975) found that 18 % of the tota] coral was dead at a

"depth of 12 m on the barr1er reef Twenty f1veupercent of the )

total coral cover at site M was dead Ott (1975) also found
~ that’ dead coral increased in staghorn and finger coral
zones. Thus s1te B had the least dead cora] cover of all
wand sites M and A had the most, s]wght]y more than 51te P
{Table 1). I S

v,

LR

An analysis of p:

‘%”MQth has certain drawbacks. A1I
‘Jmeasurements of percent'covehvare made from planar
prOJect1ons of the extremely complex reef surface ActuaT
surface area of reefs may be up to 15 ‘times the p]anar
surface area (Dah1, 1973) . Measurement of true surface area

(:is'both approximate and cOmp]ex even on a much sma]ler

"al., 1977 Btrke]and and Neudecker, 1981) Compar ison among
| study areas is: d1ff1cu1t because branch1ng corals like those
at s1tes M and A possess a greater actual surface than do '
r‘hemtspher1ca1 corals 11Ke those at sites B and P (Dahl
'1973) . Neverthe]ess, d1fferences in parrotf1sh behav1our
rwh1ch were related to coral cover type would be expected to
mirror the divis1on of study areas 1nto two groups: sites M
~and A with branching corals, and sites B and P with |
' hemispherical corals. o '

@ B

‘fscale than that of the present study (Dahl 1973; Stearn et‘5

’%’} L.
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B: Food supply

F1gure 4 shows the average dry we1ght (grams per 100

cmzl,of organ1c matter grow1ng in 21 days on porcela1n -

tlles, averaged over months Vartat1ons from month to. month

were 1ncons1stent and no seasonal trends were v1sxble

As expected the b1omass was greater on caged t1les

‘than on those exposed to graz1ng Species compos1t1on also
: d1ﬁfered. Caged plates weretcovered with a 0.5 to 1.0 cm

" ‘thick _layer of filamentods algae. ”Exposed tiles had a thin.

V\.\
algal fuzz and calcareous red algae Vine (1874) and Brock

(1979) reported s1m1lar results Drfferent exposure times,"

" depths, and techn1ques compl1cate comparisons among studies.

-, However when values are standard1zed for days of exposure,

my results compare well w1th others (Table 2). B1rkeland’

results from substrates exposed for 133_days aré high,
' , GEES -

because‘they includencoral‘recruitst His 77-day exposure

4f_ gave more consistent results;fthose tiles averaged only one

small coral recruit apieca, and algae dominated (Birkeland,
1977). e ,_' T -

‘ Analys1s of variance revealed s1gn1f1§@nt differences

~

, among study areas for both caged (F(3,212) = 5.6, P< %\

0;001),_and exposed tiles (F(3,232) = 17.8, pﬂ< 0.001).
Duncan's'multlple range tests showed that. caged ttles at
sites M.and B had 51m1lar b1omasses, 51gn1f1cantly more than
s1te A tiles. S1te P had less biomass on caged t1les than\

s1te B. On exposed t1les site M had more b1omass than all

the other sites. Site M lay 1nshore and was subJect to

0
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Figure 4, Bioﬁass (gm’ per 100 cm2) of organic mat ter growing,

'on porcelain tiles at each study site over a 21 day period.

Values are averages for all months of HC1 treated samples *
95% confidence interval. .
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Table 2. Biomass of organic matter, primarily aigaé, growing
on substrates in coral reef areas. Values are grams per m?
per day. : : . ‘

Biomass{gm/m2/day) Depth | Exposuré Location "Source
Caged ~Exposed - - m- - days -
2.3 2.5 N | 5 7  Eniwetok 1
2.7 0.2 13 30  Red Sea 2
N . 0.3 -0.4 9 77 Panama = 3
14-18 0.6-1.3 N 133 Panama 3
o0 . w2 64 Guam 4
1.0 - 1.9 0.1 -0.4 13 . 21 . Barbados 5
References: A
1: Bakus, 1967
2: Vine, 1974
3: Birkeland, 1977 .
g: Lassuy, 1980\, and. pers. comm.

. present study e \
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terrestrial runoff particularly during heavy rains. Site A
Tlay further offshore, 1n deeper water where 1owered light -
levels probably resulted in smal]er a]gal standwng crops
(Vinei 1974). The dense coral and gorgon1an cover at site P.
shaded the}boftom, with lowered potential food suppjy as a.
result. N | | _ | . |
Extrapolating from tpese results to aCtUal.fOOd supply
at each study area is difficult. Th¢ assumption that algae
settle and grow on porcelain tiles and coral surfaces in the’
same way has not been tested Researchers generally look at
e1ther artificial substrates (Vine, 1974; Birkeland, 1977,
Brockr 1979; MOnthmery, 1980a, 1980b), or natural ones
(Stephenson and Sear les, 1960; Earle, 1872; dJohn and Pople,
1973;4Conner and‘Adey; 1976 ; Braney and Adey, 1977; Lassuy,
1980;. Lobel, 1980; Montgomery, 1980a, 1980b) , but not both.

Vertically placed plastic panels and 11nestone surfaces did

not_support identical algal flora in Australia (Day, 1977).

Assuming- that tiles approximate true coral, the actual
surface area of algae af each studyrarea’fé unknown for” ‘
reasdns preéented in th@:prévfous section.‘Moreover,‘éoraﬂ
surfaces are but one ofvseveral substratesigrazed by
parrotfjsﬁ (see Chapter 7). The amount add-type of ,algae
growingvdn sand‘or,sponges was not studied, nor were the
algal mats bf.damselfish. Brawley and Adey (1977) presented
biomass estimatesﬂfor damse]fisﬁ territories as wet, rather
than dry'welghts, making conpar1scns with other stud1es

d1ff1cu1t.»lt is clear, however, that damse1f1sh alga] mats
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~form a rich, if restricted food source (Robertéon,et-al.,

1976; Lassuy,'198Qi Lobel, 1980). The overall substrate
heterogenéity, and the'existence of numerous damselfish
meant  that food was probably patch1ly distributed at site M,
and to . a 1esser extent at site A. The homogeﬂ‘;us cora]
cover at the barrier reef s1tes, B and P, likely resulted in
more evenly distributed food. |

I did not 1nvest1gate algal species composition, or

_chemical constituents,  both of which would affect food

quality. Hawkins (1881) found that the sea urchin, Diadema

. antillarum, grew best on encrusting cofa]line_algae, which

surpassed both filamentous epipelic and endolithic algae in
organic content. On the other hand, Montgomery and Gerking
(1980) showed that two.601f of California damselfish

préferred red and green a1gae tb brown and calcareous aigae.

"all of which differed in ash, calorie, carbohydrate, lipid

andAprotéiﬁ COntént. While differences among study sites fn
food quality were possible, they seemed unlikely since algal
samp]es from different sites appearea”simijab.

The detaf]ed feeding ecology of pafrotfish would be a
gompléte.study in itself. My resﬁlts form a preliminary

attempt to quantify parrotfi§h food abundance, and they

"allow'me to rank study areas in terms of food_abundance.

"Site-M, 1ying inéhOPe,‘had:the greatest foodisupp1y4and

grazing substrate. Site<B, lying offshore in clear, unshaded

,wétér; had a moderate food supply, although slightly less

- dead coral than the other sites. Site A, in deeper water,
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‘and site P, with shading from- dense corals and‘gorgonians,~
had the least available food. Any ddfférénces in‘parrotfish
, behgviouﬁ-relafed to food supply would be expected to mirror

theée‘differences among s tudy sites.

C. Competitors
| The densities of herbivores, planktivores, piscivores
and other fish at each study sjté are given in Table 3.
Feeding categories are taken.frdm Randall (1967) and Hobson
(1968, 1974)3*F;rrotfish densities were excluded since their
“numgéﬁs Were estimated in a slightly different fashion.
\Valﬁeé,for sites M, B and P are the averages of two surveys.

}Sife A, surveyed once, had the fewest speéies but the
most individuals. The two barrier reef sites, B and P; had
the most spéciés‘per Qnit'area but the fewest individuals;
site M had as many spec1es as 51tes B and P, but was twice
their size. At»most only 45 spec1es (parrotf1sh g}c]uded)
 were §eeh gn these surveys. No doubt more were'présent.
“Smith‘and Tyleﬁ (1975) counted 47;53'species on a small
patch reef in the Virgin Islands. They included many small
cryptic species which I ignored;, and which, witH'the
exception of cleaning gobies (Gobfosoma spp.), rarely
interact w1th parrotf1sh

Eupomacentrus planJFrons made up 94% of the herb1vorous
dam$e1f1sh at site M, 99% at site A, 79% at site B, and 70%
at site P. Its densities were.high at the two sites, M and ~

A, with stéghorn coral, and were mUch lower offshore at

¢ [P



Table 3 Density of fish (parrotfish excluded) and total

number of spec1es counteg during surveys at study sites.
Densities are g1ven as fish per 1000 m2.
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Site

M Site A Site B

Site

Herbivores:

b Damsel fish'

) Surgeohfish2 
Planpktivores3:
Piséivorés‘:

OthersS:

Total individuals®:
»

Total speciest:

540

997
32
134

47
41

1114

35

164

L T T T

1707

1401

44

600 53
T 27
1206 1138
19 .04
63 195
1889 1437
25 42

43

Species in order of abundance:

1Eupomacent rus plan:fnons, Microspat hodon chrysunus E.

variabilis, E. diencaus

2Acanthurus bahianus, A. chinurgus A. coeruleus

" 3Chrdmis cyanea (C. multllrneata was too abundant to be

coudted), E. partitus, Clepticus parrae, Inermia v:ttata

“Cephalophol is fulva, Petrometopon cruentatum, Epnnephelus

adscensionis, E. guttatus Aulostomus -maculatus, Rypticus

saponaceus, Serranus tabacarius, and various scmnbr1ds
synodontids, lutJan1ds and muraenIds

5labrids, chaetodont1ds, Hypoplectrus spp., Serranus

tigrinus, mullids, pomadasyids,

monacanthids, ostrac1on1ds

.5Parrotf1sh excluded

and other Fam1l1es

Canthigaster Pcstrata,
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ssites B and P. Surgeonfish (mostly Acanthurus bahianus), the
other major herb1vores were most numerous at sites B and P,
but did not reach great densities anywhere. Plankt1vores.
the most abundant individuals, were most common of fshore.
Piscivores, primarily small serranids, could not be reliably
counted because of‘their secretive habits, but appeared to
be most numerous at site P, which had the densest coral
cover (fable 1). |
The impact of plankiiyores; piscivores and other

species on adul® parrotfish sociaPAbehaviour is probably
much lower than that of h&Fbivorous damsel fish. Parrotfish
ihteraoted regu]arly'with damselfish (see Chapter 7), but
"only rarély with the'othér groups. Planktivores cou]d
indirectly affect'scarids by consuming their eggs (Rose,
1972; Col1n, 1978), and suppress1ng their spawn1ng act1v1ty'
This latter does not appear to happen both plankt1vores and
spawning are most common on offshore reefs ¢§o]dman and
Ta]bot, 1976; Gladfelter and Gladfelter, 1978; Johannes,
1978; Johnson and Gladfelter, 1980). Predation, while a
significant force in reef fish evolution, is less important
as a proximate determiﬁant of social'oehaviour in .
parrotflsh Authors who stress its importance generally deal
with small spec1es which; un11Ke adu]t parrotfwsh are-

closely tied to shelter (Sale,,1980) Crepuscu]ar and

nocturna1 predation probably strongly affect parrotfish
coyer-Seeking and migraiory'behaviours‘at twilight (Hobson, ™

1965, 1972, 1973; Ogden and Buckman, 1973; Dubin and Baker,

Ll
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1981),wbut I saw'predatioh during the daytime only rarety,
-and theq!only on Juven1les Others (Randall and’ Randall
1963; Colin, 1978) have seen predatlon interrupt group
spawning in parrotfish. However, the appearance of a
 predator on the reef results in only a short-term
behavioural‘change such as moVing towards cover’(BucKman and
Ogden, 1973; pers. obs.). Moreover, pisctvores in Barbadoe
were not large; the mora§ ee]tGymnotthax morlnga,hg?s the
largest (SL 1 m). Parrotfish over 120 to 150 mm SL hay be’
relatively free of preaation during the day, provided they
behave "nohmally" (Hobson, 1968). Thq1r plankton1c larval
stage ensures that parrotf1sh at all study sites shared the
same gene pool (Fricke, 1975a) Like many reef species, they
'probably poeeessed equivalent anti-phedator adaptations such
as schoo]iné when small. cons tant vtgqlance;°and avoidance
of, or even defens1ve responses towards predators
(Eib1- Elbesfeltdt 1962; FricKe, 1975b; Coates, 1980a,
1980b; Dubin, 1982), and raptd growth rates (Randall,
19§1b) a]low1ng them to outgrow their predato |

Thus the most str1k1ng d1fference be twe dy areas;
was the density of the terr1tor1al herbivorods damselflsh

1‘%
Eupomacentrus planifrons. This spec1es might affect '

I
4

BEREEE

parrotf1sh social behaviour by exclud1ng them from parts of»’b

L4 e
. ,_!3”' e
oy T ’ Y

the reef, interfering with their feeding, forc1ng them to

form massive schools to feed successfully, or ultlmately;
d1srupt1£g their social greup1ngs (Barlow, 1974; Aﬁev1zon,f d
1976; Ro ertson et al., 1976; Kaufman 1977). " of
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parrotfish behaviours at sites A and M with sites B and P
would reveal such effects. |
D. Abiotic variables

Of the almost infinite array of abiotic variables that
might affect parrotfish behaviour - t ides, femperature.
light levels- few differed even sltghiAy among study sites.

However , those factors inf]uencihg spawning site

/
\

suitabilify, namely prevailing currents, distance from
shore, and proximity to promontories, did vary among my
sites. )
Currents were encountered 14é times during 514 dives in,
{978-9 (Table 4). They were not independent of month. in
their occufrénce (Xx2(11) = 26.4, P < 0.01), being most
frequent from Margh through Qctober, and particularly common
in May-June and.September—October. Data from 1976-7 were not
continuous but showed similar trends. The period of
increased currents was the sahe as, or soon after, the
spaﬁhing peak for Caribbean fish (Munro et al., 1973; Colin,
1538); when juvenile recruitment is at its highest (Powles,
.1875: Luckhurst and Luckhurst, 1977; Chapter 4, this study),;__

Pairwise contingency chi-square gnalysis showed that

N P o, current strength, direction, and presence or absence were

PO Y ' _ : , ;
w‘_*fﬁwwindependent of tides, or moon phase,' so currents were not

o .+ 1Current strength and moon phase, X2(3) = 6.5, ns; current

strength and tides, X2(3) = 0.92, ns; current direction and
moon phase, X2(3) = 5.8, ns; current direction and tides,
X2(3) = 2.2, ns; current presence and moon phase, X2(3) =
1.3, ns; current presence and tides, X2(3) = 1.1, ns.

»
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Table,4 Number and percent of d1ves durlng 1978 9 in wh1ch<*

currents were encountered e A

.
. ;.

;ﬁith,durtent,e'Ne§¢9rreht'r:;‘%;Qifh;eurreﬁtﬁ'-
1978 A o |
' Méy~;{ ;,:_v>", i;iz'i_ ‘_‘ ri‘ip5,23in‘ S | : 34
~ July jsf . 8L 16 - RTINS
| pAugust HL:_’ }'t7,‘   ,’r”  14'fi“ | .33‘,_ J
.October-_-:._-_‘f»-uf'sf T I
- NOvember E1:§re: '4?: ‘ o fS'TT i'v B Th
“-Décember.  \ 5?-'16 :e,.‘f afff 33r R .iS
1979:; - g KA 4 AR :

}_Uenuery‘ | f{”éb’3er .ﬁ‘;v ¢391‘  . e b L
. February vtr,is,w : a3 | | 15‘ 15}3”
 Mar¢h : | f_1§",flj’lr , ‘34.-’,/\ ~>\5 32
April v SR ;24 ,‘ih R ,57‘
Mey 26 . a2 a5

| June = 1 ‘. 16 - x‘r jf ,52:‘\ - f;Q ':28"""*“' 
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prtmartly ttdal in orlg1n Emery (1972) reported that'tides
added a sl1ght east- west component to the primarlﬁy : Lo
north south current Vector 1 found that only 7. 5 % of al]

currents flowed in an east- west dlrect1on ‘Emery (1972)

4,suggested that “the: currents were part of gyres formed 1n the

wake of Barbados. Current meters placed jg vxoffshore in his

tf5;/showed that current d1rectton oi"

w1th1 a_fey da s. He attrtbuted these s 1fts to
N YT T

osctllatto n a pair of gyres RRTR | 'xf

Currents were far more common at s1tes A B and P than
1nshore at s1te M. 1 encountered them in 34 % of the/d1ves at
the offshore s1tes, but in only 14 % inshore (X2(1) = 20.3, P
<~0 001) Stte M was more stagnant and was we]] separated
from offshore waters by 1nterven1ng reefs. Salps and

s1phonophores, 1nd1cators of ocean1c waters (G]adfe]ter et

’ al., 1980) were often encountered at the offshore s1tes

Thus sites_A, B and P, were closer to ocean1c waters, and
mOrevoften swept py‘currents whjch wou]d remove eggs from -
the reef o | o }r" /
o No sites contatned 1arge promontories or coral heads
exceed1ng/1 to 2 m in height. However, s1tes A and P lay

]
20 m from reef slopes extend1ng to depths below 30

end.

Ca
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- patchy food supply,,dense populat1ons"of_damself1sh,'and was’

‘relat1vely stagnant water A41 the other sites’ were exposed

to currents, close to offshore waters, amd near reef slopes,"?f».\.

\l

aalthough site B lay further from a reef slope than S1tes P

and A. - | - - i}ﬁ? !

N ,v'\’ ’ ,e ‘. ‘&‘
E. Summary and d1scuss1on B S
ﬂ - Each s1te showed some d1fferent comb1nat1on of

ecolog1cal factors whlch m1ght af{ect parrotf1sh behav1our

. Site M was covered mavnly by branch1ng corals and rubble,w»

had a good patch11y d1str1buted food supply but dense

populat1ons of damse1f1sh compet1tors. and was a poor
2SN

spawning s1te ~gi'te A had branch1ng corals, a ]ow somewhat

a good spawning site. Site*B had scattered %ora]iﬁeads;‘
moderate, evenly d1str1buted food supp]y, few damself1sh
and was a good spawn1ng s1te Site P had dense cora] heads,
a low, even food supplyt few damsetf1sh, and was a gobd
spawning site. * | d o |

//% Hypotheses concerning effects of ecolog{cal variables
on sociaT‘systems cam now be s%%ted

o

1. ' If cover affects parrotf1sh behav1our ‘then siteAM and

- site A parrotﬁ\\h should show mo? -ehav1oura1

&y

f's1m14ar¢tﬂes~mnth—each- an with those at s1tes B

and P. LR , o

2. If‘damse]fish affec parrotfish spcial systems by

~excluding them from parts of the reef, their numbers

should inversely correlate w1th those ,of parrotfish.
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Th1s effect shou]d be most visible at site M where ‘
» damselflsh densities are h1gh and heterogene1ty is

great. g : .'M' |

3. If damself1sh d1srUpt parrotf1sh feed1ng, then feeding
rates at sites M and A should be lower than those at
sites B and P. Feeding rates should also be mora
variable in dense damselfish areas if fish compensate

'é;r;interrdpted feeding within damselfish territories by
more‘infensive feeding when cutsjde‘éhem. ;

4. If ‘food is a defended resOurce then. food abunidance
shou1d determ1ne the: qua11ty of space, and high quality

~ areas should be most heavily sought after (Krebs, 1971;

Ewald and Carpenter 1978; Myers et al., 1979; Vines,
1979; Ewa]dhet'al 1980) Thus' compet1t1on for space in
;terms of intruder pressure should be greatest at site M
‘where food is most abundant, and lowest at sites A and P
where it is most scarce (Dav1es,, 978) "Likewise
terr1tor1es should be sma]]est at s1te M under this
assumpt1on (Slaney and Northcote. 1974; Simon, 1975
‘D111 1978 Kodr1c Brown and Brown,. 1978; Ebersole,
1980; H1xon 1980b; Larson, T@BOC)

5. On the other hand, _1f space for spawn1ng is an 1mportant

| "Mdefended resource, then s1te M should be the 1east b{‘
desirable, and sites A, B and P, the most. : C

Each of these hypotheses is treated more fully in the”

3

fol\ow1ng chapters and subsequent dlscuss1on .

é? v.

wtTR



| 'IV}‘ParrotfiSh;populatiohs: coﬁposition; fluctuations. and

. ﬁ?. : ' recruitment ¢ .
o J o W

"7
_Infornwt1on from weekly grld survEys allowed me to ‘assess-

'parrotf1sh species compos1t1on and populat1on structure at
- each study area. Besides prov1d1ng base]1ne data on
\.parrotf1sh dens1t1es, this Knowledge a]]owed determ1nat1on
’of what factors: control]ed population size (e. g. food
‘;SUpply. terr1tor1al1ty) at each s1te Parrotf1sh often move
freely over long distances between d1fferent feed1ng areas.‘
to and from n1ght time sleep1ng spotss or day~ t1me spawn1ng
1ocat1ons (W1nn et al 1964 Bakus , 1967 Randall and
Randall. 1963; Hobson, 1972, 1973; Ogden and Buckiman, 1973 .
' Barloay 1975' Choat andARObertson, 1975; Co]in. 1978 Dub1n '
j and Baker; '&) An ana]ys1s of fluctuat1ons in the1r |
_numbers 1nmrelat1on to tides, - currents and t1me of day
allowed me to test whether such m1gratxons occurred, and to
p1npo1nt the1r funct\ons Seasonal cycles in both Juvenlle
_ ahd adult - numbers were aISO 1nvest1gated, as 1t was ’
mportant to determ1ne the. stab111ty of populat1ons Data

1ncluded the tota] number of -each parrotfish spec1es and |

»

'/‘phase_(Juven1le, Iph Tph) along with the time, currents, E,_~

-

tidal state,‘moon phase, and tewperature. | . '1~y"
I - o , .

R

P 53 ‘,v'



.counted dur1ng gr1d surveys

= ‘-4.6..P
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A Composition and density

- The dens1t1es of parrotf1sh at each study area, j,

averaged over all grid surveys, are given in Table 5. F1ve

‘spec1es. Sc. iserti (Bloch), S¢c. taenlopterus Demarest Sc.

vetula (Bloch and Schheider), Sp. aurofrenatumf(Cuv. and

Val.), and Sp. VIrIde (Bonnaterre)[ were common,on Barbados’

west coast (Plates 2 to 6) Two. others, Sp. atomarium
(Poey), and Sp. rubrlplnne (Cuv andeal J, Were seen
1nfrequent1y, and a- th1rd Sp. chrysopterum (Bloch and

.f
Schne1der) a]though seen on/rare occasions, was never

[
>

nggar!sons between 197 § ' and g?g-g

The spec1es compos1t1on at sites M and B from the two

,study per1ods, 976 7 and’ 1978-9, agreed well However, the

;'numbers of Iph Scarus spp. were greater 1n 1978 9

(Mann-Whitney U Test, site M z = -7.0, P < 0 001, site B: z

0. 001) 2 1ph Sp. aurofrenatum were. also more

©

numerous in 1978 9 (s1te M: z = -5 2 P < O. 001 site B z =

' _-2 2 P < 0. 05) as were Juven11e ScaFus and Sp

aurof renatum at s‘lte Mm(z=-2.9" P <0.01; z=-3.1, P<
0,01 respect1ve1y) | ° |

The numbers of Tph fish d1d not 1ncrease s1gn1f1cant1y

"between years, wh1ch suggests that the change was not

‘attr1butab]e to observer b1as It cou]d be argued that

1976 7 surveys gave lower den51t1es because be1ng Iess

2The inérease was due pr1mar11y to Sc iserti. Sc. vé%ula
increased sl1ght1y Sc taenxopterus d1d th at s1te M, but -
did at site B. SR . L ﬁ%i@
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o
Table 5. Average density of parrotf1sh per 1000 m2 -at each jﬂﬂﬁ

study area in 1976-7 and 1978-9, calculated from grid
surveys, the numb&(.of wh1ch is shbwn in parentheses

SiteM . Site A Site B Site P

1 76 7 1978 9 1978-9 1976-7 1978-9 1978-9
(58) (500 ( 4) - (22)  (49)  (48)

duveni1esj

.o [N‘ -
Scarus: ix c
37.7 10.8 0.3 0.4 - t.7
Sp aurof enatum: '
2 3 3.2 - 8.0 1.8 1.3 2.6
Sp virid ' _ ‘ ’
4.5 4.6 2.3 0.03 ~ 0.03 0.1

Tota] JU en11es

30.2  45.5 21.2 2.2 1.7 4.4
Aduﬂts:
Sc. isenti: o
Iph- 44.6 70.1 9.0 27 .1 42.5 58.9
Tph 1.9 1.0 2.5 7.4 7.8 g.4
Sc. taeniopterus . o _ o :
Iph 14.9 14.8 2853 . 15.7 20.3 9.3
Tph 1.2 1.6 4.2 2.2 2.0 1.7
'Sc. vetula: 9. o
Iph g1 12.2 2.3 0.2 0.7 - 1.1
Tph 1.2 1.8 6.3 . 0.03 0.1 0.4
Sp. aurofrenatum :
Iph 5.1 8.2 10.7 8.8 10.5 14.7 -
Tph 1.0 1.8 3.7 3.7 3.5 5.2
Sp. viride: . ' o
Iph 13.4 , 15,7 6.8 1.1 1.3 5.0
Tph 1.0 . 0.9 0.3 0.0 0.02 0.7
Sp. atomarium: _ : ' '
0.3 0.6 0.0 0.0 0.0 0.0
Sp. [rubripinne: L - )
‘ 0.0 0.0 0.0 0.2 '3 0.05 0.01
<4

_Tot 1 adults1 _ ’ :
/ 95.6 = 130.4  68.2  66.4  88.8 107.5

ST ncludes some unidentified Scarus spp. seen in the early
“morning. | o
|
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Pilate 2. A Tph Sc. iserti (right) chases an Iph conspegcific.
N . // o

2




Plate 3. Iph and Tph Sc. taenfopterus. The  Iph Sc. -
taeniopterus f(above)-are part of a large feeding aggregation
in the vicinity of site A. :




*i
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Plate 4.- Iph and Tph Sc. vetula. An lph Sp. aurofrenatum is
visible in the lower right corner’ of the upper photograph.




1

Ptate 5. -Iph and Tph Sp. aurofrenatum.
aurof renatum is holding an aggressive t

59

The Tph Sp.
ailstand position

(Chapter 7). One Iph Sp. aurofrenatum arches submissively in

_front of the Tph male.




\»

Plate 6. Iph andsTph Sp. vinidé. The Tph male (below) 1is
being cleaned by two Gobiosoma spp. :

{ N

60



Warner, 1978).

Massive feeding aggrega£1on i

; G, T w e E

Sp. viride, 50 to 75 Iph, and 1 to 3 Tph SC taenﬁhpfe@y}F &%?w
e ‘,zge
to 10 Tph Sc. Iserti and 20 to 100 Acanthurus bahianus z MR

regularly passed through site A (Plate 3). None were'9' x}7ﬂ’jﬁ”\
encountered at site A dur1ng grid surveys The major. species v §€
seen there were Sp. aunofnenatum and Sc taenlopterus
which was more common at s1te A4than anywhere else. '1 N \

The common barrier reef species were Sc. iserti, Sc. Y
taeniopterus, and Sp. aurofrenatum. At site B, Sp.

aurofrenatum, and Iph Sc. iserti were less common than at

site P, while Sc. taeniopterus was more abundant. Sc. vetula

C7 and Sp. viride were rare]y ‘seen at these two sites, although

they were encountered more often ‘at site: P than at site B.
The Sp. viride seen ‘at sites B and P were generally
solitary. Likewise the_féw Sc.{vetula encountered offshore -
appeared to be stragglers or migrants rather than reéfdents.
Sb. PUbPipinne occasionally appeared offshore, apparently
engaged in courting activities; Tph males moved with small
groups of Iph fish, and interacted aggressively with other
males. |

The age structure of parrotfish populations also
differed among study sites. Juvenile Scarus énd Sp> viride
were abundant at site M, common at site A, and virtyp]]y
_absent from sites B and P. Juvenile Sp. aurofrenatum, on the
" other hand, were most abundant at site A, and were regu]ariy

‘encountered at all sites. -These differences suggest that



"Sc vetula and Sp. VfPlde dwelt pr1marfly 1nshore SC

¥ é | o 63

2000 Fenatum Juveniles settle in a broader range of habitats

%

thadﬁahe other species.

Tph males of Sc. iserti, Sc. taeniopterus ané Sp.
aurofrenatum were less aﬁqndant inshora'at site M than
elsewhere both in absolute ‘terms (Table 5) and relat1ve to
numbers of Iph fish (Table 6). N

| Site M could ?&us be categor1zed as primary nursery
habitat, with'a diverse assemblage of mostly Iph parrotf1sh.
The other sites harboured fewer juveniles, but more Tph
males for the three most W1despread speCIes Sc. iserti, Sc.
taenlopterus and Sp. aurof natum Each site held a ,
d1fferent balance of’\hese Spec1es, with Sp aurof renatum
spread most evenly throughout . Site A had the fewest Sc
iserti, and the mos t Sc aeniopterus. The reverse was true
for site P Itlwas pr1mar ly because of the1r broad
dqstr1but1on that I chos these three species for deta1led
behav1oural stud1es

4

. The dﬁfferences aao g study areas in a spec1es dens1ty

'lcannot be explalned by ope S1ngle factor Exclusion by

a-

damself1sh may have accagunted for the lack of Sc. iserti
durﬂng*the day at s1te ', although large numbers passed
through At at sunrlse and: sunset (Dubin and Baker, 1981).

-

vetula was closely tied to staghorn coral, and both spec1es

; were more shallowly dlstr1buted than the others (Robertson 3

Lo}
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i Table 6 Aveﬁage number of. Iph‘parvctflsh per Tph male at
each study area, calculated from, ‘grid surveys

—7—¢ v M T .-.v..k

fni’j';f'Site e Site A *'," site'B Q’ﬁ“’é{ie P

--—-—--------A-— ----—.. - el ---_---'—-— -

1976-7 1978-9  1978-9 1915 7 1978 -9 1978 9
158) . (500 (4) - [22) "~(49) {48),

i
S

230 700 3.6 3.7 5.5 . 6.4

o Sc taeniopterus _ Sl C o
2.4 9.3 - 8.7 7.4 100 5.5

.. Sc. vetula: o o
76 &8 7.7. 67 7.0 2.8
| ":/ /. ) . | . | ) .
- §p. aurof renatumy. s |
| 5.1 4.3 . 2.8 2.4 30 2.8

“Sp. viride: o | |
13.4 7.4 22.7 ND  66.0 7.1




5 A._supply and total adu]t dens1t1es (F1gure 4 and Table 5).

 and Warner, 1978‘ next chapter)

There was no clear relat1on between an area s food C

jS1te M had*the largest b1omass of food and the greatest

: parrotf1sh‘dens1ty However s1te P had a much loWer food

e supply, eyven considering its greater -amount of dead coral

| index of actual surface area taken‘by mou1d1ng g’chgﬁhato

rmi_so_nsu__ﬂ Qibece._ugl__

“grazing SUbstrate (Table 1), yet the second most dense
'parrotf1sh populat1on Choat and Robertson (1975) reported a
‘similar poor relat1on ‘between gra21ng ‘sur face and parrotf1sh

‘dens1ty Luckhurst and Luckhurst (1978b) and Leum and Choat

(1980) found a corre]at1on between substnate rugos1ﬁ& (

RJ— . ‘a°‘i-i“"d

" the bottom contours,»and comput1ng the ratioﬂbf this length'

L]

-k:to the - l1near d1stance) -and the number of ind1v1dua1 fish.
Site P’s greater substrate rugos1ty due to 1ts dense coral
‘gcover may have accounted for 1ts abundant parrotfish

:rpopufattons A more deta11ed analys1s of each spec1es

relat1onsh1p to var1ous substrate varfables is presented in
v e

the next c[“t_gg:tgr | '5 " T ﬁ“ o

¢

The total dens1t1es of parrotf1sh Aeasured here accord

‘and Juven1les comb1ned) per 1000 m2 (Table 5). Frydl and

Stearn s (1978) est1mates for s1te B 1n Barbados (theirﬁBank;‘ i

Reef site), made in 1975~6 accord well with m1ne for 1976-7.

M. Theirs for a portlon of s1te M (the1r Moorlngs stte) are

lowe because thewr transect covered only one sectlon of

. . N . . cy 2" X
~ 4 . . . B -
23 L S . : DR ey
. . ' » (N . w A

“well with other stud1es 1 counted 89 to 126 scay1ds (adu]ts '

kY

R TN
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th1s heterogenous smte where numerous damselfidh excluded

Iph parrotfish (see next ch pter) Randa11 (1463a) estimated *

67 to”121 parrotfish per 1000 m2 from' _ aﬁons'-inftheﬂ»-»—

v V1rg1n Islands wh1le Bardach (1959) got a dens1ty of 70

f1sh per 1000 m2 in v1s al -surveys. at Bermuda, and Gyg1

(1975) est1mated §b vlrlde densities at 15.1 per 1000 m2

@

R " counted 96 to 140 parrotf1sh per 1000 m2_ 1n Puerto Rico. Two

’ stud1es fﬂem the Great Barr1er Reef - quote va]ues w1th1n the

range of th1s study,xBradbury and Goed1n (1977) measured 86
fish per 1000 m2 and Choat and Robertson (1975) est1mated
45 to 425 fish. per 10 O m2. Ondy the values of BrocK (1979)
from Hawa11 are hlgh he measured 1100 fish per 1000 m2 but
these were mostly smaﬂl Juven1les |
Parrotf1sh are as 1mportant a. component of Barbad1an
reefs as they are e]sewhere (Bardach ﬁHQSQ Randall 1963a;
Bakus, 1967; Itzkow1tz\ 1974; Goldman and Talbét, 1976):
They made up 9 3 % of the individuals at s1te M, 4. 5°% at s1te'g
A, 5.9 % at s1te B, and 7 4 % at site P (Tables 3 and 5). |

B These numbers agree. we]l w1th those of ﬁlev1zon and Brooks

(1975) -who estimated that parrotf1sh compr1sed 8 % to 13 % of
- the total fish at two w1de1y separated Car ibbean 1ocat1ons
On a we1ght basis therr ’ontr1but1on may be even greater,

since scar1ds are genera ly heav1er than the numerous small

. damse]ftsh that~made up the bulk.of the individuals counted.
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B. Effect of abiotlc var1ab19s tldes time, Qurrents,

weather and moon phase . _

Parrotflsh are. known to make extens1ve ‘movements. within

and between reefs, often on a daily bas1s In many

‘geograph1c locations they m1grate ¥egularly ‘between

"n1ght time s1eep1ng spots and‘daytTmeaareas (Winn and -

Bardach 1960; WJnn et al., 1964% ngen and Buckman, 1973;

| Hobson, 1972,-1973; Coliette_and Talbot, 1972). Elsewhere |

'

'determ1ne parrotf1sh diurnal mtgrat1ons and cho1ce of

(Dubin and Baker, 1981), ‘I‘haveldisCUSSed what'factors

©

sleep1ng spots. Sp aunofnenatum did not m1grate at dusk and

'dawn wh11e the other spec1es did so regularly. These
_m1grat1ons allowed flsh to exploit areas dur1ng the day that

57possessed unsuttab]e cover for s]eep1ng SPOtS However

[

crepuscular movemet% n'ccurred outside the t1me span of

these gr1d surveys ‘
o T1da1 m1grat1on cacles have«also been descr1bed Bakus ,
(196ﬁ),noted§{bat large parrotflsh moved 1nshore to feed at
'hig'%;_ti’ag. Choat

Great Barrier Reef

'dnd[ Rober tson- (1975) found that while the
-pecies,»Sé. fasciatus, moved ontob?ﬁeﬂ_
reef flat to feedvat htgh tide, other. species spawned~at T
high or ebb t1de on the reef crest or front. Spawn1ng ,

m1grat1ons may be - 11nLeo to the time of day. Randall and

, Randall (1963), Barlow (1975) and Col1n (1978) found. that

numbers of parrotf1sh 1ncreased over the day at spawn1ng ,

_locatlons. .

‘The Sameldata from the comparisons among stqdy areas ,

g@@; o
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were subJeoted to analyses of var1ance for d1fferences due

J

to t1dal d1urna1 or other 1nf1uences Very few tests gave
s1gn1f1cant results G1venwthe 1arge number of tests
‘”“performed, a certain number of~erroneous s1gn1f1cant values
were.expepted« Thus,,at sites M and B only those trends
thatwwere consistent” in both 1976 7 and 1978-9 were accepted
as valid. . |

No trends general to a]] sites or speC1es were apparent
a]though t1de related movements seemed poss1ble for some
spec1es ‘at some S1tes More Tph Sc. taeniopterus were Seen‘d
offshore at. Tow tide than at high tide (S1te B, F(2 68) =
3.4, P = o 04; Site P, Fl(2, 45) = 3.2, P =0, 05). Iph 5c,‘¥”

vetula were also most .common: at s1te dur1ng Tow t1de

f

e 68); = '0.02). lph Sc. taeniopterus were most
fcommon at s1te P du§1ng flow and slack t1des (F(2 45) = 9, 2
P = O 0004) and 1arge,§ph Sp. viride were seen there mﬁ%t

vat slack t1de (F(2 45) .8, 3, P 0. %fg) Sp. rubrlplnne "
‘ appeared at site B only dur1ng f1§M1ngat1de I&have too few,
observat1ons to relate any of these movements t&%spawn&pg | b
'W1th the except1on of Sp. rubriplnne noted above Sc
_‘taenlopterus appears to spawn at ebb tide (Dub1n, 1981)

T Only a few spectes showed any stgn1f1cant d1urna1

itrends w1th1n the t1me span qf .the study Tph Sp vir1de

gre most common at s1te M@durlng the,mld\morn1ng (three to

‘mf1ve hours after sunrise, F(3, 104) = 4. 7 P 0 004) Tph
'Sp aurofrenatum were most common at s1te M 1n the early  :.

morning (one to two héurs after sunr1se, (3 104) =28, P=",

s ) . . X o . N

( Lo » \‘ . I .
. . X . Pt
S . . ) L i ¢ .
. . . i .
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5 - . < N B . o L !
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0‘04) Sp ViPlde probably ranges widely, and may explO1t }

d1fferent pants of thé reef over the day. Tph Sp."

i

; aunofrenatum fed most in the: early morn1ng at site M (page

224) and as a result may have been more sedentary, and thus
, P :

_more often seen R : “ L ﬂ : oo

PR

| Currents had few effects on parrotf1sh numbers Tph Sp ﬂi

, Vlede were seen least often at sﬁte ‘M dur1ng nor th- flow1ng

currents (F(2 105) = 3.7, P 0. 027) Tph Sc. vetula and Iph

Sp v:rlde were seen most often at s1te B when currents L

flowed offshore (F(3, 67) = 4. 4 =-0.007; F(3, 57) L P o |

, south floW1ng currents (F(2 45) 5 3,

' " *r.
. a'becom1ngilost because.o

. Sc. yetu7afwere seen a§"y

004) J’uvemle Scar'us were seen most atagg te@kfurmg

Gﬁa _

Juven1le sgar1d§§ to ! sp ff ;" s | Qfg’fwindividuals
{1 water conditlons More Iph

$'on overcast days (F(1, 34) =

"5 2, P=10.03), and it ) i Feery showh that.homlng parrotfgsh -

1964)

~

‘
\ v
oy

More parrotflsh were counted :'ﬁtelM in both years on.
calm days than on days w1th heavy‘cbpp or swells (F(1,106)
17.9, Pu= 0 0001). Th1s was gﬁrtly\an art1fact of observer
blas, as surveys were more- difficult to complete when the

wa&er waggd1sturbed Also parrotf1sh temded to rema1n»

h_‘closer to cover -on sdch days, and ¥:Yeo) may have been
DR : .

overlooked

~

; No trends in numbers of flSh related to -moon - phase were -

e . N . . .
g e N . g : ~ . :
.. . 2. . . : o . . -
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* Ab1ot1c var1ab1es ‘cou ld affeﬁr’the numb rs. counted

'durwng a. gr1d survey in several ways. They ould cause real

rations into or
/

out of study areas. Alternat1ve1y, ab1ot1c var1ables could

ﬁcause f1sh to behave in- a more consp1cuous fash1on e.g.

vsw1m in more open areas, and so 1mprove the chances that I

T 'would'count them This cou]d eXp1a1n d1fferences 1n

t.currents, or of total parrotfish at site M on days w1th oo j

‘\ -

substant1a] wave act1v1ty ﬁpwever, parrotfxsh were

-generally COnsp1cuous and would be over]ooked only if they

h1d‘under cover ometh1ng which they d1d rarely (see

‘,'Chapter'7) F1na11y,\a fish's sw1mmth%,speed vag111ty, Qr

wBK}tern of movements]through 1ts h ﬂ;range could have
) A
changed under certa1n abiotic cond1tronsgso that I was not

count1ng d1fferent fish, but mere]y recount1ng the same ones

4]

~more ort)ess often This explanat1on seems un11ke1y The

\. 1
i

"
s of the Iph fish, whith made up the K of my ‘

. mg'.

' s1ght1ngs were sma11 enough to make res1ght1ngs unl1ke1y

-(see Chapter 7) Also such responses should have ‘appeared
at aJI sites for a g1veﬁ spec1es, rather than at, %¥§t a few,
as was. the case My 1mpress1on was that sw1nm1ng speed

'rema1ned comstant . dver the day, with the exceptlon that Tph

‘males circ] d the1r terr1torres more rap1d]y when court1ng._

'~ However, increases in apparent numberS\d1d not appear during

regular spawn1ng time, as would be expected 1f

-
P

']'s1ght1ngs of Juven1]e Scarus at s1te P dur1ng south- flow1ng

g -



< : “more active tish were counted more often. Thus, it is
unl1ke1y that changes in movement patterns var1ed
suff1c1ent1y 1n this study to account for any observed
fluctuat1ons . s b

In summary, populat1ons at the study areas were stable
throughout the day, and numbers changed on]y rare]y 1n
relation to tidal cycles,,t]me\\t day, currents or weather

T,
cond1t10ns Mpst of the fluctuations concerned Spec1es that

',. were: m1grants or- stragglers (Sc. vetula Sp vlride Sp.
& . rubnlplnne ;t sites B and P) whtch may have been
e d1sor1ented or were respond1ng to currents or t1da1
cond1t1ons favourable for spawning. W1th few exoeptlons,
i r*’ ﬁ§s1dent p6pu1at1ons were constant desp1te vary1ng ab1ot1c

Y

cond1t1ons. S . : , C ﬂ;

R L

C. Seasonal trends in Juveqége recruitment and adu]t

populations - ‘ . |

» The grid surveys from 1978-9 at s;tEi/M//B and P

spanned 14 months conttnuously, and wefe su1tah]e for

T | v.analys1s of seasona] trends. Since the 1976-7 data were not
-codtinuous, they were exc)uded from this analysis. Site A,

surveyed only four t1mes, was also excluded 1 used the

ﬁcomputer package SPSS - Regression tp 1nvest1gate trends 1n
“ K'[  fuumbers over time 1n weeks from the beg1nn1ng of the study

Y
by fitting the curve:

-~

No:. fish = a + b(weeks) + ctweeks)? + d(weeks)3 +

I

where a tod are constants.

e gt gt ntetedat et T
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‘The cyclic nature of juvenlle p0pulat1ons was further tested
by f1tt1ng a per10d1c (s1ne) curve to the total number of

juveniles at site M (BMDP3R --Nonlinear‘Regression). Finally °
Pearson’'s correlation coeffjcients were calculated between

numbers and water temper:

Fitting a polynom1at¢ ftion to a set of points is
useful when non11near trends are suspected, but the exact
model is unknown (Draper and Smith, 1966 ; Snedecor and
'Cochrane , 1980). The polynomial equation with the lowest
order that leaves no s1gn1f1cant unSXp]a1ned var1at1on in
the data 1s chosen as the best fit. The order of a

\polynom1a}-19'a1Ways one greater than the max imum possibtg

number of gw@twcalapo1nts (1nf1ect1on points or local minima .

'Q”“’and max1ma)’1n the curve (Herstein, 1975) Know1edge of the -

number of\§?1t1cal points 1s necessary to detect the period
.of any cyqféérln the curve Inspect1on of F1gure 5 showed

that two critical po1nts (one minimum and one max1mum) were

LA

-"pregent§ Therefore third-order equatiénsbwere suspected to
give the best fit, but ;éiynomiaISVUp to an/order of six
N . kY . [ °

were fitted to ;he square—naot transformed data to check for

‘higher-order cYC1es;

duvenile recruitment

\\ . ”

: . /

v/

There were c]ear seasona1 cyc]es 1n juvenile numbers

£%1gures 6ﬂhnd 7, Table 7),.with year round recru11ment

a

particularly at $ite M where Juven113§;3f all'spec1es were

abundant . JuvesTile Scarus spp. were mbst common from June  to

'Seafember,'Sp; viride from July to October. Juvenile Sp.
i \ Ea - | |
N o )
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Figure 5. The humber of juvenile Scarus sbpw counted at each
“area over the study period, P78 refers to site P in 1978-8,
B78 to site B in 1978-8, and so on. . P :
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Figure: 6. The number of juvenile Sparisoma aurof renatum and
p. viride seen at each area over the study period. Study
areas as in Figure 5. ' ; .

i

i

. JUVENILE SPARISOMA : o -
. :AUROFRENATUM , :VIRIDE

64 1 “ o - P78

NUMBER OF FISH
©0

'
M-. T
L.

JR{JQS%B HAR APR HRY JUN ' ‘

r 64 7 N 2 - ' : - B8
'249_ . L

1 - A.; i ./\1 +

JUN JUL AUG SEP OCT NOV DEC
378 -

-

61 | .

©
o S
g \41\/'
s o]
< S S G P ot e A e — [T UUEUE WU WS SRS
MRY JUN JUL RUG SEFJUCT LoV DECQLJR_N le “AR APR MARY JUN
1978 : , T RNene T
X T . - W
A .
]
B 24 .
A \
. .
™

s,



At

curve:

75

aurofrenatum were seen more evenly over the year although
) S e
slight increases at all sites from July to September or

October were apparent

| At all study areas where Juven1les were encountered
third-order polynomials gave the best fit (Table 7). Th1s(‘
‘meant that, as eXpected there were two critical points.
i.e. one. complete cycle over the 14 month study, Luckhurst

(1977) found three critical points, ife. 1.5 Cycles, in his

18-month study.

The cyclic nature of'juvenile populations was
under 1ined when a sine curve was fifted to the total number

of .juveniles seen at site M over 197 (Figure 7). The

v =78.4-60.2 ( Si0.115(Weeks - 141) )
showed a maximum about 16 weelfg after the start of the
study, i.e. in Septembef.1978 ; ‘
The;juvenile-numbers inc i fish up to 50 or so‘mm in
length which may have beenirecruited some months before the
September peak. I saw new recruits (from 8 to 15 mm in total
length), throughout the year at site M with marked peaks in
late May, 1978 and late June, 1979 (Flgure 8). At sites B
and P the new recruits (Sp. aurofrenatum only) appeared from
late March to June. Powles (1975) analysed 1Chtﬁyoplankton
qaught of f Barbados -west coast in 1972 and 18973. He
observeH large numbers of scarids in December January, s

March App1l August and October, and concluded that there

were two yearly peaks in larval abundance. one from March to
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3 Table 7. Swmmary of polyhomial regression of fitb number

% (square roat transformed) on weeks since the star}'of the

Ty study in 1978, The order of significant polynomial terms is

%mdwated as is the value of r2 for the third-order
i ®regression in parentheses. An order of 1 indicates that only

.5 % linear relation between number and weeks was significant.

- 'An order of 1,3 means that both the terms weeks and weeks?
added signif1cantly to the regression. ND indicates that too
few fish were present to be analysed. Blank spaces appear
where there were no s1gn1ficant regress1ons

ey o4
o .

" Site M Site B
n=50 . ‘' n= 49
Juveniles: .
Scarus spp. X 1,2,3 1,3
o (0.76) (0.45)
S Sp. aurofrenatum 3 . 1,3
. (0.25) (0.45)
Sp. viride 1,3 ~ ND ND
. (0.48) | |
Total juveniles - 1,2,3 1,2,3 1,2,3
~ } (0.78) (0.57) (0.61)
| . Adults: |
i ’Q!M‘ )
Sc. Iserti s
Sc. taeniopterus | 1,2 '
, ~\(o 14) (0.41F.
Sc. vetula g .
. t67s1) E
Sp.-aurofrehatuh 2 1,2
‘ < S (0.14) (0.29
Sp. viride 1 | | 3
) (0.42) . ~ (0.17)
SN
w%w, : - ‘.f\ -.
\@.*‘ LT B -

T
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Figure 7. Plot of total juvenile parrotfish seen at site M

versus weeks from the start of the study in May 1978. The
+ solid line is a sine curve. fitted to the data by the BMDP3R

nonlinear regression program. ‘ o -
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May'andtone from Augustvtq DCtober.,duvenite\scarids (SL.7
'toﬂ50mm)’were mOSt'abundant in F\orida seihe_samptes~during
" June through September, and*in December, with the smallest
eeentin‘Augusti(Springer and McErlean, 1962b). Winn and
_Bardach (1960) found scar1ds below 25 mm 'SL in August in
'»Bermuda A fall peak in new recru1ts is not v1s1b1e in
Figure 8, but year to .year var1at1ons 1n recruitment are
possible (Russell et al., 1974, 1977; Luckburst, 1977;
 Talbot et al., 1978). | | |
| JTHe duration ot the,pelagic stade‘of most reef fish
* tarvae’is a mystery. 1 est1mated a 51m to e1ght weeK larval -
stage for scar1ds based on Powtes (1975) spr1ng \ "
1chthyoplankton peak of<@arch -and Apri\,'and.my recruttment
peak in 1ate May and.dune This vaTUe agrees well with the
2.5 month pelag1¢ per1od for the surgeonflsh Acanthurus )
.trlostegusv1n'Hawa11 (Randall, 1961a) 1t s somewhat longer
than the‘feur week larval stage- of the blenny, Ophioblennfus
atlantieus (M.‘Labelte, pers. comm.).--Measurement of daily
growth rings in oto]1ths of recently’ recru1ted fish |
(Brothers et al. 1976 Ralston 1976 ) w111 allow accurate
determ1nat10n of the1r pelag1c per1od .

The env1ronmenta1 factgrs that contro] Juven1le
recruttmeqt cycles are unclear. The1r numbers correlated

%
c]osely with water temperature at all study areas (Table 8)

Luckhurst (1977) attributed a s1m11ar reﬂat1on in Curacao to
t temperature dependent spawn1ng Russell et al. (1974--1977)_
also found the h1ghest JuvenLJe recru1tment on the Great
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- Figure 8. Numbers?’of recently recruited scarids at site M, B
“and P in 1978-9. Recent recruits measured léss than 15 mm in
total length (Leis.and Miller, 1976). Sc. stands  for -
guveni‘l’e carus, Sp. a. for Sp. aurofrenatum, and Sp. v. for
p. viride. - '
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Table 8. Pearson correlat1ons between number of f1sh
(square-root transformed) and water temperature during each
grid survey in 1978-9. The significance of the correlation
~ is indicated by asterisks:

. %2 P < 0.05. **x; P < 0.01. *xx: P < 0.001,

s
‘

Site M . Site B Site P
n = 50 n=49 = n = 48
Juveniles: C ' - - : s
SCTPus'spp. . 0.58 0.44 0.58
) *xxk . K%k * kK )
Sp. aurofrenatum 0.38 0.48 0.47
: ¥k kKX kKK
Sp. viride o 0.55 ND ©ND
: _ ‘ B
Total juveniles a 0.62 0.55 0.57
. o *kk¥k Cokckk , dexk
Adults. ‘
Sc. iserti ©0.03 0.30 0.20
] ‘ ns ' . * ‘ . ns
Sc. taeniopterus -0.03 -0.07 0.25
: ns ns *
Sc. vetula ©-0.25 .21 0 -0.3f
’ : . * ’ ns *
Sp. aurofrenatum 0.14 ~-0.01 - 0.20
; ns . ns ns
Sp. viride 0.24 0.17  -0.26 o
* _ ns - * _
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Barrier Reef during the warmer summer months, and suggested
that settlement was timed to occur When‘primary production
and food supply were‘ihcreastng. The damse]fish,‘PomacentPus
wardi., recru1ts throughout the year in the same location
w1th a spring-summer peak, but two other pomacentr1ds show
eonstant recru1tment (%;le, 1979). Settlement of the
temperate New Zea]and wrasse, Pseudol abrus celldotus otcurs
in the warm water months when food 1evels are h1gh (Jones,
1980) dohannes (1978),concluded ‘that spawning peaks were
best re]ated to shifts in preva111ng currents that improve

/
the chances -for 1arvae to be returned to the reef. The

“recruitment peak of soar1ds in Barbados corresponded wjth

the period of increased curreht‘which may represent a
seasonal shift in.]arvae-retaining gyres'(Table 4).

Few studies have been able to show that seasonal
spawn1ng cycles ex1st in trop1ca1 fish. Scarids inxﬁanama
and Barbados spawned year - round (Robertson and Warner, 1978;~\
this study) Munro et al (1973), and -Thompson and Munro
(1978) analysed gonadal maturity of numerous reef fish in
dama1ca and concluded that peak spawning occurred at m1n1mum .ﬂ’

water temperatures in February, March and Apr1l

,Eupomacentnus planlfrons spawned year -round in damaxca ,

" with.a slight peak in April (Williams, 1978). The on]y

behavioural study to date on parrotfish spawning seasonality
(Coltn,_1978) contradicted these findings; Sc. iserti group
spawned in Jamaica six times more often in June than

danuaryl Clavijo (1980a) found no'eyidence for seasonal
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cyclee in the spawning of Sp. aurofrenatuw over a three;year'
period‘in\Puerto Rico. duven11e recru1tment in this species
"was more even over the year than in Scarus. >a1r sp@wners
may produce larvae . that are‘spread evenly over the year, and
T seasonal peaks could be due primarily to'the\addition of
larvae from group spawnings. - ‘

. The d1fferent recruitment rates, and seasona11ty of
juvenile Scarus and Spaﬁlsoma may also be adaptations to
differing levels of predat1on pressure, a]though predat1on
on reef f1sh has not been adequately studied. Two Great
Barrier Reef pomacentr1ds exhibited low seasonality, low
recruitment, andehigh'post-settlement survivorship, while a
third species showed the reverse pattern (sale, 1979) . ”
Juvenile Sparlsoma may be comparable to the first group,
juvenile Scarus to the latter. Certainly Juven1le Spar i soma
behaved d1fferent1y from Scarus wh1cH\formed schools of 5
to 30 11Ke-s1zed f1sh, and swam act1ve1y over the f1nger
coral and rubb]e.flats where they were most abupdant (see
Table 15, next chapter). Juvenile -Sparisoma were more
solitary. Groups genera11y had 1ess‘than five '
d1fferent1y sized fish, wh1ch hovered close to cover

In summary,vJuven11e scarids showed a peaK in numbers
during the months (June through October) when water
temperatures were increasing. Recru1tment was greatest in
‘May and June of two consecutive years, the per1od of |
increased near-shore current act1v1ty, and may have been
reletedlto‘shifts in the positions of larvae-retethingv’

.
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.gyres. duveni]e Sp. aurofrenatum.showed only siight\seasonal

f]uctuat1ons, wh1le Scarus- spp showed the most , perhaps
because of differential reproduct1ve output from pair and
group spawnyng, or d1fferences in survivorship of juveniles.
Adult numggrsj_ 3 ~\ | | ) S s "

. Populattons of adults'Were generalty constant‘(thures
9-to 13). Any polynom1a1 regress1ons of numﬁf}s on weeks, or .

corre]at1ons with water temperature were weaker than those

- of juveniles (Tables 7 and 8) Both Iph and Tph - Sc. iserti_

had stable populat1ons at all study ateas (F1gure 9),
taen;opteﬁus showed evidence of some seasonal oscillations
at sites M and B (Figure 10, Table Z),=withAseoond-order
regressions there,“and slight positiVe,correlations with
temperature at s1te P (Table 8). SC\'vetuJa showed
51gn1f1cant second— and third-order regress1ons at s1te M
,(E1gure 11, Table 7), and a’negative corre]at1on with water
temperature (Table 8).

. Adult Spr aurofréhatum showedkno polynomial trends at

site M, but slight second-order regressions at sites B and P

(ngure 12, Tables 7 and 8). Sp. \iride revea]ed a linear

regression and a positive correlation w1th temperature at:

site M a third-order: regress1on and a negative. correlation

w1th water temperature at s1te P (Flgure 13; Tables 7 and

8).

—~

With such high ijenile recruitment rates at site M,

part1cu1ar1y of Scarus spp., .it seemed 11Ke1y that s1m11ar_

cycles, offset from those of Juven1les, would appear in



' 84

: ‘ v .
adult popblations“as jgveniles ﬁ;tured. However,two‘factors
might lessen the impact of juvenile recruits on adult
populations: predatién. or émigration. Likewise at the .'f:
- offshore sites where juveniles (Sp. aurof renatum egcepted)
were Scarce, popu]atip‘ cyéJes would not appear'ﬁf adult
/S\ year and balanced by *
" death or emmigration. & “'Im"l‘; e &
-

.1osses at these s1tes (Chapter 6

i

immigration were constgp ove

newcomerS/d1d balance

Certa1n ev1dence supports the view that recruitment and
migration contr1bute to‘?duftvpopulat1on cycles. Adult Sc. ‘
vetula,>the only‘spéciéﬁ that\gscil]ated seasonaT]y at site
'M, were scarce orfshbre,-and probabTy did not ‘'emigrate from
site M. By the same token, Sp. éurofrenatum fiuctuated
offshore at sites B and P, and Q%s the on]y.épeCies with
apprec1able numbers of Juvén11es‘there Reqru1tmenf of adult
Iph from inshore locations was also possible (Chapter 6) |
L1Kew1se, Sc. taenloptenus populations offshore were
augmentedvby the arrival of.small Iph fish (70 to 110 mm
SsLy, perhaps recruits from the previous year, in the!summer
months. I noticed the same phenomenon‘jn i977_and 1879,
although not in 1978. :3
' Ihé most common scarid, Sc. fsenti (see Table 5), did
not show seasonal trends despite large recruitment. Its
numbers varied seasoqally in Panama.(Ogden and Budkman;
f973), where.food supply apparently decreaées drastically in
the dry séason. Sc. iserti may have been subject to greater

predation pressure than the other species due to its smaller
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* Figure.9. The number of Iph and Tph Sc. iserti counted at
each study site during 1878-9. Study sites as in Figure 5.
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F1gure 10. The number of Iph and Tph Sc. taeniopterus ,
counted at each study site during 1978- 9. Study sites as in
Figure 5. .
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Figure 11. The number of Iph and Tph Sc. vetula counted at
each study site during 1878-9. Study sites as/}n;;1gure 5.
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Fiéure 12. The number of Iph and Tph Sp. aurofrenatum
counted at each study site during 1978-9. Study sites as in
Figure 5.
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Figure 13. The number of Iph and Tph Sp. viride counted at
each study site during 1978-9. Study sites as in Figure 5.
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/
size, resulting in stable numbers over the year. Other reef
fish adults ﬁave stable populations (e.d. Smith and Tyler,
1975, Luckhfrst and Luckhurst, 1978a; Williams, 19878), and
even when fluctuations in adult numbers do occur, they are

of much lower order than those of juveniles (Sale, 1978a).

This type of study, like many others, is handicapped by

- the relatively short span of continuous observations. Many

years of data collection are necessary for seasonal cycles

of tropical fish to be well understood. Several researchers
(Talbot et al., 1978; Séle. 1379) have made advances in this
direction, although detailed information on size-frequency
distribution changes throughout the year would improve our
understanding of recruitment into adult populations. Future
researchers should concentrate on adult reproductive output
and spawning cycles, predation on juVeni]es. and the
characteristics of larvae-retaining current gyres. Such
;nformation is crucial for resolving controversies over the
stochastic nature of recruitment (e.g. Helfman, 1878; Sale,
1978b: Smith, 1978), and its impact on reef fish

comunities.

@
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Spatial distrlbution patterns. soc1al group1ngs and

interspec1f1o aggression o ”. .

The spatial dlstr1but1on patterns of coral reef f1sh are of

: part1cular 1nterest since many are h1ghly site attached

,Some spec1es a55001ate closely with part1cular substrate

types or reef structures (anemonef1sh Moyer and Nakazono,

‘-1978b; FricKe.'lQ?Q;‘other damself1sh. Sale, 1972a, Clarke,*
-1977{“Itzkowit2; 1977b'Agrunts' Ogden“and Ehrlich, 1977
. gobies: Lassig, 1977; chaetodontlds Reese, 1978 B1rKeland

and NeudecKer, 1881; angelfish: Moyer and Nakazono, 1978a;

"'parrotf1sh . Choat and Robertson., 1975). Space, rather than

fodd _1s considered to be the l1m1t1ng factor on reefs and
reef spec1es ‘show adaptions to share it (Smith and Tyler,
1972; Flshelson et al. 1974; Sale, 1975)' Habitat
segregat1on w1th1n groups- of closely related reef spec1es is

often presented as ev1dence for n1che spec1al1zat1on and

’1.COmpet1t1ve exclusion’ (gob1es Tyler, 1971; surgeonf1sh
* Jones, 1968, Robertson et al. 1979' damselfish: Belk, 1975,
Itzkowitz, 1977b, Robertson and Lass1g, 1980; Waldner and

Rober tson, 1980 chaetodontlds Anderson et al., 1981). On .
the other hand Sale (1974, 1975 1977, 1978b Sale and
Dybdahl 1975 1978) has argued that certa1n groups of reef

flsh overlap extens1vely n the1r hab1tat requ1rements, gﬂﬁfﬁﬂ{Z//(

that space 1s randomly allocated to the flPSt juvenile or

‘adult to claim it. The resolut1onuof this controversy will

L await improyed_understanding of the extent of the spatial

Ségregation'on~CQral‘reefs.
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’sttribution patterns maypbe-maintained:by,habitat
selection, or by inter- and.intratspecific;tnteractions
: (e g. .Sale,f1972a; 1872b) The patterns that result define
the soc1al organ1zat1on of a species (Brown and 0r1ans,
1970; Reese, 1978), and set limits on its mat1ng system
- (e.g. monogamous VS| polygamous; Drians, 1969, Em]enAand
Oring, 1977; Fricke, 1975a, 1980). It has been suggested
that sex change injsome. cora] reef fish is an %daptat1on to”’
extreme site attactment‘(Sm]th, 1875; Fricke and Fr1oke,
1977; Fricke, 1979 Mover and Nakazono, 1978b). Caribbean

4
parrotfish have'received only superficial ecological -

investigation (Robertson and Warner, 1978) Their numerical

" and ecolog1ca1 1mportance on reefs demands a deeper

understand1ng of the factors control]tng their spatial
distribution patterns 4

“To 1nvestlgate spat1a1 d1str1but1on pakterns and the1r
relation to substrate features, data from grid surveys were

reorgantzed to give the total number of each parrotf1sh

|
- spec1es and phase counted in every 30 m2 quadrat. 3 The }
surveys at sites M and B from 197857 and 1978 9 were / “

o

) ana]ysed separately Only resu]ts at s1tes M and B that VEre
cdhs1stent in both periods were cons1dered va11d The /
‘following‘substrate variables were 1nc1uded for ana]ysi

v1. “fonly at site M) the average depths of the quadrat None

 of the other study areas var1ed 1n*depth whereas S1te M

/
/

-
— - s e o o e e =

3An initial analysis showed that the distribution of f1sh
did not change signficantly from month to month, so lumping
over the entire year was considered appropriate. o
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ranged from 6 mat 1ts 1nshore end to 18 m offshore.

2. The percent cover in each quadrat by sand and rubble,
staghorn coral, dome coral heads, finger corals, and
small knob- 1ike corals. |

3. ;The number of damself1sh Eupomacentrus planlfnons, E. .
Yart itus, and E. spp. (rnOst'Iy E. diencaus and E.
varlabllls) per - quadrat. ' |

The analysis consisted ef generating a correlation
matrix for the parrotffsh nunbers,ahd'the substrate .“‘\‘
variables. In all cases Spearman rank correlat1on
coefficients were used (Siegel,” 1956). Actual coeff1c1ents
are g{th in Appendix 1, and ére.sﬁmﬁar1zed.1n the tab]ee
that fo]]ow | ' |

The amount of d1str1but1ona1 similarity revealed"

-depends on the scale of the analysis (Kershaw, 1973

. Robertson and Lassig, 1980) Spec1es w1th-apparent1y similar

d1str1but1ons on one scale could be exclud1ng one another on

~a finer level. The quadrat size necessary to revea]
differences depends in part on the organism’'s size and home

. range. My quearat size of 30 m?2 was helow the average home

renge size of the adults studied (see Teble 25), and so

’1nter5etive patterns in adult distributions were resolvable.

~ Correlations do-notava1idate a causal 1ink between two

- variables. Behavieural~observations,ihdicating either;

gregariousnese 6r'aggressionrbetween‘species, or |

exper imental tests of habitat selection (e.g; Brown and |

Green, 1976; Reynolds, 1979) are invaluable in determining

A
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the true causes of d1str1but1on patterns

Coefficients of d1sggr51gg

-

In order to measure between*quadret variability in
numbers, I calculated coefficients of dispersion (Table 9;

C.D. = variance/mean}‘Sokal‘and Roh1f, 1969; Kershaw, 1973;

" Downhower and Brown,'1979).'A]though more complex indices

exist (e.g.,Morisita“1971) their use was unwarranted
because of their stricter assumpt1ons C. D s greater than
1.0 Jndicate clumped d1str1but1ons, while values below 1. 0
represent even d1str1but1ons. Site A was exc luded-from the
analysis due to the’small number of grid surveys made there.
On average, fish at s1te M revealed h1gher C.D.'s than
elsewhere. Spat1a1 segregat1on was most likely there as it
showed the most coral zonation (see Figure 3). Iph fish had
large C.D.’s, indicating that they were localized in
particular quadrats. Tph Sp. viride and Sc. vetula at s1te M
had re]ative]y high C.D.’s. These fish joinedtloose feeding ‘
aggregations of ‘large Iph Sp. viride restricted to the
offshore end. Iph Scarus had h1gher C.D.’s than Iph Sp.

aurofnenatum and Sp. v;rlde beiow. 200 mm SL, wh1ch were the

least gregarious parrotf1sh/fW1nn and Bardach, 1960; Barlow,

1975, Table 15 this study). Likewise, juvenile Sparisoma

were more evenly distributed than Jjuvenile SCéPus which
schooled Large changes in coral substrate occur very

1nfrequently due to hurr1canes or other d1sturbances

‘(Connell 1978). Low C.D. ‘s would be expected in groups

whose dlstr1but1ons depended on behav1oura1 1nteract1ons at
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7
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Table 9. Mean number per ncmawmﬁ.mwm:mmma deviation Amwc:v. and coefficients of dispersion ¢(C.D.)

Sc. iserti Sc.

Sc. vetula

meOHmwu‘ taenjopterus Scarus” mb.‘mtwommmamnts Sp. viride

o . 1ph Tph “Iph Tph " . Iph Tph juv. juv. Iph Tph juv. Iph-S Iph-L Tph
SITE: M  YEARS: 1978 Ao; 1979 . : )
MEAN 54.81 0.81  11.68 1.26 9.43 1.35 29.56 2.53 6.72 1,49 3.589 9.42 2.82 0.70
's.D. 40.40 1.12  11.65 1.35 8,56 2.51  45.14 3.83 5.60 1.43  4.63 5.48° 7.11  1.64
c.D. 29.78 1.54 11.62 1.45 7.76 4.67 68.93 .5.80 4.66 1.38 5.98 3.19 17.95 3.85
muqmm)juv YEARS: 1976 TO 1977 _
MEAN 40.47 1.69 ..,u.am 1.06 8.19 1.10 20.67 2:06 4.63 0.91. 4,04 w.w»\!.tmhmq 0.90
S.D. 33.82 2.14 -13.80 1.62 7.77 1.77 34 .15 2.55 4.03 1.22 5.5 6.03 5.69 2.26
‘c.p. '28.26 2.72 ,u.mA« 2.47 7.38 2.84 56.43 3.17 3.51 1.64 6.58 3.67 14.92° 5.69
SITE: B  YEARS: 1978 TO 1979
MEAN 74.16 13.48 35.78 3.42 1.12 0.12 0.68 2.34 18.20 6.20 0.06 2.22 0.04 0.04
S.D. 38.60 5.00 25.08 2.79 1.19 0.33 1.25 3.16 6.5t 2.79 0.24 1.76 0.28 0.20
cC.D. , 20.09 1.86° 17.58 2.28 1.26 0.90 2.31 4.27. 2.33 1.26 0.96 1.40 2.00 0.98
SITE: B  YEARS: 1976 TO 1977 , _ s
MEAN 20.86 5.58 - 12.40 1.68 0.12 0.02 Q.26 1.48 7.32 ,2.94 0.02 0.78 0.0m‘ 0.0
m.Uw .9.28 3.09 8.95 .1.24 0.33 0.14 0.68 1.45 4.16 1.96 0.14 0.89 0.27 0.0
c.D. 4.43 1.71% 6.45 0.91 0.80 1.00 1.85 1.41 2.36  1.31 1.00 1.0t 0.94" 0.0
SITE: P - YEARS: 1978 TO 1979 .
MEAN 83.62 13.30 13.12 2.40 1.56 0.5¢ 2.46 3.80 20.44 7.26 0.08 5.72 1.48 0.86
S.D. 34.08 4.78 7.16 1.62 1.54 1.11 3.82 2.75 m.v.mm. 3.08 0.27 3.00 1.47 1.03
c.D. 13.89 1.72 .U.m* 1.09 1.52 2.20 5.93 1.99 2.32 1.30 O.mL 1.58 1.47 1.23

2
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territobial borders which could change more rapidly than
reef strdcture; Sfrong cdrrelations between some
environmental faCtor and fish numbers would be especially

likely in species with high C.D.’s

A. Comparisons between 1976-7 and 1978-9 .

~ To test for betweeﬁ—year constancy in distribution
patterns, 1 calculated correlations between.numbers"of
parrotfish seen in.quadrate during 1976-7 and 1978-9 at ’
sites M and B. For all species the coefficients at site M \
were highly significant (Sc. iéerti, r = 0.78; Sc.
0.71, Sc. vetula, r = 0.65, Sp.

taenloptenus r

aurofrenatum, r = 0.59; Sp. viride, t = 0.59; juvenile
parrotfish r = 0.69;'for all, P < 0.001, n = 100) indicating
that spatfal distribution patterns thefe were re]ativelyf
stab1e. Correlatiohslbefween years at site B were lower (Sc.
iserti, r = 0;09, ns; Sc.'taenioptenus, r =0:28, P < 0.025;
SpL‘aUPofPenatUm;,r = 0.49, P < 0.001, n = 50). Site Beﬁas;
-mohe'homogeneous than site M' andrstrong attachments of
_spec1es to part1cu1ar regions ‘were less likely to occur

Nevertheless, spatial distribution patterns appeared to be

stable over.the nearly three-year span of the study.

B. Correlations with depth at site M
I examined possible depth segregation of species at
site M with further correlat1ons (Table 10). Tph Sc. iserti,

Iph and Tph Sc. taeniopterus, Iph Sp aurof renatum, .and
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Table 10. Summary of significant (P < 0.05) Spearman’s
correlations between number of parrotfish per quadrat and
substrate variables, including depth, at site M. Variables
‘are % cover by each substrate type. If no phase is
indicated, correlation applies to both Iph and Tph fish. See
Appendix 1A for details. ¢ '

N

Variables: Positive correlations Negative correlations -

1

Depth Tph Sc. iserti Iph Sc. vetula
\ Sc. taeniopterus . Juv Sp. viride
Iph Sp. aurofrenatum: ‘ o
Large Iph Sp. viride
Tph Sp. viride

Sand Tph Sc. vetula
Rubble Iph Sc. iserti
: Iph Sc. taeniopterus
Juv & Iph Sp. aurofrenatum
Small Iph Sp. viride

Large - ’ -~ lph Sp. aurofrenatum .

heads ‘
‘ Small - , Iph Sc. taenioptebds

heads : . o Juv :Scarus
o . } Juv & Iph Sp. aurofrenatum
staghorn 1Iph Sc. vetula " Iph Sc. iserti

coral : ~ Iph Sc. taeniopterus

| Juv & Iph Sp. aurofrenatum

F inger Iph Sc. taeniopterus

coral Juv Scarus ' _ b

: Juv & Iph Sp. aurofrenatum
Juv Sp. viride | o =

.Dead . Tph Sc. taeniopterus = Juv Scarus '
coral , Juv & Iph Sp. aurofrenatum

Juv Sp. viride :
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large Iph and Tph Sp. viride were more abundant’in'deeperi
water. iph'Sc. vetula and juvenile Sp.‘viride were
negatively correlated with depth. In 1978-9, ijentle Scarus
were negat1vely correlated with depth while Juven1le Sp.
aurofrenatum were positively so, and the trend although not
quite s1gn1f1cant held in 1976 7 as well,

A correlation with depth could be due to the effects of
another intervening variable, 1ike coral type, itself
,releted to depth. This Jid occur for a few substrate
variables. Sma]l coral heads, staghorn coral, and the
damsel fish Eupomacentrus planifrons were negat1vely
correlated with depth (r = -0.23, P < 0.01; r = -0.39, P <
0.001; r = -0.55, P < 0.001, respectively), while the
damsel fish E. péﬁtitus correiated positively (r = 0.40, P <
'0.001). A partial correlation analysis (Sﬁedecor and
-Cochrane, 1980) was used to test for the effects of these
var1ab1es on the number of parrotf1sh in a quadrat (see next
section). ‘

In1t1a1 phase Sc. vetula were not restricted to areas
as shallow as site M for they migrated into deeper water at
sunset (Dubin and Baker, 1981). Dives to 40 m revealed on]y
Sp. aurofrenatum, Sc. isehti and Sc. taeniopterus of which
the last was most abundant With the except1on of Sc.
taenloptenus these spec1es were ?ound in water as shallow |
as 3 m in other parts of Barbados (pers. obs Frydl and
‘Stearn, 1978). However, depth segregation within site M of

some. species d1d occur .
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+ C. Correlations with substrate variables
site M
As the analysis of coefficients of dispersion ,
predicted, Iph and juveniles _showed more correlatiqns with
substrate variables than did Tph (Table 10). This could
occur if, because of their smaller size, Iph. and juveniles
" were morée dependent on cebtain types of cover for
_ protéctiqg. Alternatively, their greater‘energy«fequireménts
for egg_production and growth may tie Iph and juveniles to
particularly rich food sdurcesafound on certéin substrate
types. However as Choat and Robertson (i975) reported,
numbers were not deneral]y correlated witﬁ the percent cover
by dead coral, a primary food source.
) With the exception of Iph Sc. vetula; there were no
clear divisions of species on the basis of their relétions»
with éubsﬁraté‘variables (Table 10). Iph Sc. vetula, and
possibly Tph Sp. aunofnenatum;wefe the only parrotfish to
show positive correlations With percent cover by staghorn
coral.* Iph of the three species common at the barrier reef
sites, Sc. iserti, Sch.taenioptenus, and Sp. aurofrenatum,
shared several correlétions:“positive ones with rubble and
finger coral, and a negative one with staghorn corél. This
indicated a certain degree of ecdlogiééi‘simiharjty in these
species. Juvenile and Iph generally showed similar substrate

‘With depth controlled in a partial correlation analysis,
the relationship between Tph Sp. awurofrenatum and staghorn
coral became significantly positive.
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correlations, particularly Sp. aurofnenatum,‘the only
species with juveniles common throughout the_adults’ range.'
This species had more correlations with_subsffate variables
than ény‘other. My results concur with Barlow's (1975)
observations that Sp. aurofrenatum is closely tied to coral
substrate. ‘ }
~ Juvenile parrotfish did not share identical substrate
correlations, a]though_all were positively correlafed with
finger cora]kénd negatively correlated with small coral
heads (Table td). Finger coral may offer cover, and be too
finely branching to conceal predators:\Small coral heads may
have obpdsite properfies..lt is unknown whethef juveniles
actively select these substrates, or are forced into them by
predation or aggression from other fish. Information on the
béhaviour of‘reéruits, only now entering the FiteratUre (D.
Williams, 1980; Sale et al., 1980) will do much to advance
our understanding of habitat selection by reef fish.
| Although the coefficients of dispersion of large Iph-
and Tph Sp. vihide\indicateq qnhfgh degree of clumping,
these fish corre{afed coﬁsistent1y only wifh‘depth; This
' spécies rénged widely over diverse substfate types (pers.
obs; Frydl, 1979), and its large size probably freed it from
ldependence on cover for'profection from predatioh (Choat and
Robertson, 1975).
This ana]yé}s'revealéd-that, Iph Sc. vetula excepted,
there were few obvious constrasts’gmong species in substrate

correlations at site M. The general impression that
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parrotfish have widely defined eco!ogical requiremen(s with
large amounts of interspecific overlap (Choat, 1969; Choat
and Robertson, 1975) is upheild by my results.
Site A |

There were fewer correlations with substrate variables
at site A, but those that did ex{st agreed with thdﬁe at

site M (Table 11). Iph Sc. vetula, was again most abundant

* in staghorn coral. Juvenile scarids were not abundant in

areas with coral heads;‘but were positively correlated with
low relief substrates such as sand and rubble or finger
coral. | | |

Sites B and P

v

There weré few clearly consistent trends ih
correlations with substrate Variébles at sites B and P
(Table 12). Iph_S . aurofrenatum Weré positively
correlated with percent cover by sand. Perhaps this, rather
solité}y species (see Table 15), actively avoids
predator—éoncealfng cbrals, while the Scarus species derive
protection from aggregat%ng (Itzko@itz, 1974) .

¥

D. Correlations with damselfish numbers

Site M |

There was dﬁear'spatial segregation among»damselfish
present af site M, with E. planifrons most abundant in
staghorn coral (r = 0.74, P < 0.001). Williams (1978) found
a’similéf trend. E. partitus.was most éommon in finger coral

(r = 0.48, P < 0.001) and rubble (r = 0.38, P < 0.001), and

R
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Table 11. Summary of significant (P < 0.05) Spearman’'s

correlation coefficients between number of parrotfish per

quadrat, and substrate variables at site A. Variables are

ge:c?nt cover by substrate types. See Appendix 1B for
etails, :

Variables: Positive correlations Negativé correldations

N

Sand & Juv Sp. aurofrenatum - Iph Sc. taeniopterus
rubble . Iph Sc. vetula
Large’ : Juv Scarus

heads )

Staghorn Iph Sc. vetula Juv Sp. aurofrenatum
coral ‘

Fingér ~ duQ Scarus

cora\} ‘ ’

Dead Tph Sc. taeniopterus Juv Scarus

coral Iph Sc. vetula
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Table 12. Summary of significant (P < 0.05) Spearman’s
correlation coefficients between number of parrotfish per
quadrat and substrate variables at sites B and P. Variable
is percent cover by sand. See Appendix 1C for details.

Variable: Positive correlations Negative correlations

"Sand and rubble
Site B . Iph Sp. aurofrenatum

Site P Juv Sp. aurofrenatum Iph Sc. vetula
Iph Sp. aurofrenatum Tph Sp. aurofrenatum
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other Eupomacentrus species in the rubble and small coral
head zone (r = P.44, P <0.001). Clarke (1977), Itzkowitz
(1977b), and Waldner and Robertson (1980) found habitat
segregation among these species elsewhere in the Caribbean.

Juveniles and Iph were more often negatively correlated
with damselfish than were Tph (Table 13). Iph Sc. vetula
were the only parrotfish to correlate positively with E.
planifrons (although Tph Sp. aurofrenatum did so in 1978-9),
perhaps a result of these Specieg’ attachment to staghorn
coral. Juvenile Scarus, juvenile and Iph Sp. viride and all
Tph scarids showed no consistent corirelations. 5 Iph Sc.
isertf, Sc. taeniopterus, and juvenile and Iph Sp.
aurofrenatum were negatively correlated with this
damselfish. All correlations with E. pantitus_and parrotfish
were positive, and‘were probably a result of these species’
similar substrate associations. Tph Sc. iserti associated
positively with the other Eupomacentrus species, lph Sc.
vetula, and juvenile Scarus, negatively.
Site A

At site A only juvenile Scarus and juvenile Sp.
aurof renatum were negatively associated with E. planifrons
numbers, and there were no significant associations with E.
partitus (Table 13). Other Eupomacentrus species were too
sparse to be Qested. Tph Sp. aurofrenatum were positively
correlated with E. planifrons. As at site M, E. planifrons

SWith the effects of depth controlled in a partial
correlation analysis, a negative correlation between E. .
planifrons and large Iph and Tph Sp. viride disappeared.
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Table 13. Summary of s1gn1f1cant (P < 0. 05) Spearman s
o correlat1ons between number of parrotfish and number .of
" damself1sh per quadra& See Appendqx 1D for details.

. k',r

Damse]f1sh Pos1t1vefcqrrelat1ons Negat1ve corre]at1ons

4

. E. plandfnons : L
. Site M Iph Sc. vetu?a : - Iph Sc. iserti

: L . 1ph Sc. taeniopterus
fduv & Iph Sp. aunofnenatum

"

R o, , .
Site A, . Tph.Sp. aurofrenatum duv Scanus
S o : ~ _Juv Sp. aurofrenatum .
Site B ' S . : Iph Sp. aurofrenatum
.,_SitexP ~ Iph Sc. vetula . Juv Sp. aurof renatum

[

Tph. Sp. aurof renatum

E. pantltus. o
Site M h ‘Sc.. iserti .
Sc. taeniopterus
duv Scarus
_dJuv & Iph Sp. aurofnenatum
”SmalT\Iph & Tph Sp wiride

Site A .~ none ) o - : e ;
site B Iph & Tph Sc. fserti =TT S
site P .Iph Sc. vetula .
Large Iph Sp. v:rlde ‘ o
=Eupomacentnus spp . . )
Site M - Tph Sc. lserti : Iph Sc. vetula
' Juv Scarus

1 sufficient.numbers ontly at site;M.
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‘were assoc1ated pos1t1ve1y with staghorn cora] ( =‘O;45, P

< 0.001), but E partlt ? howed no clear substrafte

‘At s1te B, E. planlfPons corre1ated negat1v ly only
with Iph Sp aurofrenatum, at site P, only with fuveni le Sp.

auhofnenatum (Table 13). Iph Sc. vetu7a and Tph Sb.

‘aunofrenatum'showed‘pos1t1ve correlat1ons at s1t< P. There

.were no 1nd1cat1ons at th1s seale of analys1s of habifat

segregat1on be tween the damse1f1sh spec1es Both cerrelated

. negat1vely with percent cover by sand (E. planifrons: r(site
B) = -0.50, r(site P) = -0.54, P < 0.001; E. partitus;
‘r(site B) = -0.28, r(site P) = -0.3%, P < 0.05). At site B,

E. pantltus correlated pos1t1ve1y w1th both Iph nd Tph Sc.

'isertl at site P, with Iph Sc. vetula and large Sp; viride.

The dens1t1es of other’EupomacentPus species were too low to

" allow testing of the1r corre]at1ons w1th parrotf1sh numbers:

Effects of damse1f1sh on garrotf1sh Qgt1a1 d1str1but1on

~}gatterns

E. plaanPons may have had a cons1derable impact on the
d1str1but1on of certa1n parrotf1sh partlcularly at s1te M.
Th1s‘spec1es h1gh levels of aggression, and wel1-developed
interspecific terfftofia]ffy are primarily a defence against
food’competitprsh especially parrotfiéh (Myberg ahd
Thresher,;1974:'Thresher,-1976a,‘1976b,~1977a, 1978b, 1979b;

‘RobentSOn et_a]., 1976; ItzKowitz, 1974, 1979;'Wi11iams;

1979, 1980). The other Eupomacentrus species are less
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.aggress1ve than E planifnons (Thresherz/)é/ga), although
'they too defend 1nterspec1f1c terr“T“F‘es E. leucostlctus
“and E. varlabllls d1rect a large proport1on of their )
attacks towards parrotfish (Ebersole, 1977; Gronell 1980),
but were too uncommon -on my study areas to have a signficant
effect on parrotf1sh A]thOUgh very abundant E partijtus
attacKs parrotf1sh rarely, and is most. aggressive towards
wrasses. (Myrberg, 1972) Most of its correlations with
scar1d numbers were positive, a result of sinilar.substrate
assooiatidns.'The-aggressive behaviour of E. diencads is not
well known, as it was only recently distinguished from the"
other dusKy damselfish E. fuscus and £. dorsopunicans .
(Greenf1e]d and Woods, 1974 )~ Attacks on ‘parrotfish by this |
last species have been described (Ogden and Buckman, 1973;
Itzkowitz, 1974), but it was not found on my study areas. E.
-fuscus also attacks parrotf1sh (Barlow, 1975' Mochek 1975)
but it is not clear Wb1ch dusky damselfish was involved. My
observationS’ind1cate that the great bulk of ‘damselfish ‘
at tacks on parrotf1sh came from E. planlfrons
The present analysis shows that the dlstr1but1ons of
small parrotf1sh part1cu1arly juveniles and Iph are most

af fected by E. planlfrons The1r smaller size may make them

. iserti below 70 mm SL
were attacked more frequently by E. blanifronstin Panama f
than were Qa:ger fish (Robertson et al., 1976).'Wh11e E.

planifrons did occasionally chase off larger Tph fish in
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Barbédos, Iph fish received more attacks (Chapter 7).
Robertson et al. (1976) reported no difference in the rate

of attacks on Iph and Tph Sc. iserti. However, Iph and Tphl

"‘fISh in his study fed at equ1va1ent rates. These authors. g

showed a pos1t1ve relation between scar1d feed1ng rate and
the attack rate by E. planifrons. Iph f1sh all fed’at |
gPeater rates than Tph in Barbados (Chapter 7) Damselfish -

may preferent1a]]y chase Iph and juveniles because of their

',gPeater potential competitive impagct. A study to th1s

effect, using the model bottle method of Myrberg and

~Thresher (1974) would be most revea11ng

“Iph Sc. vetula, and possibly Tph Sp. aurofrenatum
showed pos1t1ve correlations with E. planlfrons numbers.
Ne1theryspec1es was immune to attacks from damselfish,
however, and if is unETear how-they manage to remain among
dense E. '\1évﬂ?rons groups It would be very informative to
compare Sc. vetula - E planlfrons 1nteract1ons with those

The aggressive responsiveness of E. planifrons
throughout its depth range is also worth investigation. Site
A parrotfish showed fewer negative'correlationsvthan site M

fish with E. planifnohs numbers, even thoUgh\the average

" densities of damselfish were similar (Table 3). The small

number of grid surveys at site A, and the narrower range of
damselfish densities there could have reduced the
Sens1t1v1ty of this analys1s However, those site A spec1es

Stud1ed did receive fewer damse1f1sh attacks than site M
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fish (see Chapter 7). Emery (1973) stated that E. planifrons

became weakly terr1tor1al and wandered in the deeper

port1ons of its range. Site A was relat1vely deep (15 to 25

‘m), and although I did not notice a marked d1fference in

damse1f1sh behav1our there, they may have been 1ess

‘eff1c1ent at expell1ng parrotf1sh

Interactions w1§h damselfish were,probab]yvresponsib]e
for the>negative correlations of some species with staghorn
coral. Removal experimenfs have shown that parrotfish will

rapidly invade and feed in emptied dahselfish territories

“{Low, 1971; Robertson et atl., 1976). While some scarids'may-

actively select certain-substrate types (e.g. Iph Sc. vetula.

and staghorn coral), most spec1es ex1sted over w1dely

d1fferent coral types, unless restricted to certa1n ones by

"the aggression of terr1th1al damselfish..

E. Correlations among parrotfish

\

Interactions among parrotfieh'could aleo affect‘their
distribution patterns. The relatively even distribdtibns of‘
many Tph speCies were perhaps due to the spacihg-out effect
of their térritorial interactions. In this section I will

deal with interactions between species or phases.

- Intra-phase'aggressfon‘is discussed ih Chapter 7. To test

for interspecific or inter-phase distributional
associations, I looked for positive or negative correlations
among pairs‘ef species (Table 14), along with the number of

times that pairs were seen together (Table 15) and the
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‘number"of aggressfve interactions between them (Table 16).
Such a correlative approach tests for interactions ahd
ecological specia}izat{ons of-groups of reef fish (Sale and
Dybdah1, 197%\\Ta1bot et al., 1978). No correlation
indicates either unsystematic differences in substrate
requ1rements or svmply no spec1f1c requirements. It also
means that strong cohesiveness or repulsion between members
of a pair is unlikely. Positive correlat1ops indicate that
pairs share similar substrete requirements,eand possibly
form cohesive groups. Beha&foﬁral observations (Table 15)
Weuld verify this latter possibility. Negative interactions
>couid indicate that pairs have eppOsing subetrate |
requ1rements or exclude one another through compet1t1ve
interactions. Behavioural observat1onsj'or selective removal
experimehtsiére necessary to confirm competitiQe exclusion
(e.g Hixon, 1980a; Larson, 1980a) .
'Corre1étigﬂiﬁggtween eonsgggifics
Correlat{ohs between COnspebifiZs were rarely neéative,
.with the exception of those between some Tpﬁ fish and
"Juven11es (Table 14) Aggress1ve 1nteract1ons
between Tph and Juven11es were rare, sO these d1fferences
Hrepresented habitat (mainly depth) segregation rather than
competitive exc]usioh. Conspecifies of different phase did
not show'pronounced'spatial segregétion. Positive
correlations appeared,amohg Tph:Iph pairs whibh*often
-\aggregated (Tabte 15); Sc. iserti at a]l'but‘egte'P and Sp. .
viride at sites M and:P. Iph-juvenile correlatfons were |

—
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Table 14. Summary of Spearman's correlation matrix between number of parrotfish per ncmn1mﬁ. :
significant correlations (P < 0.05) at each site are shown. 'M’ stands for site M, etc. Negative correlations are

preceded by’ a minus sign and are underlined.

- - " -

Sc. fiserti Sc. ammi‘ounmazm Sc: vetula Scarus Sp. aurofrenatum Sp. viride ' .
mvmonwn HUJ AU: .Huz.qus .Hvz 403 uc<. uc<.HUJ 40:u uc<.uv3-m HnjnquJ

-

z

Sc. iserti .
Iph -- ) ) N . ) ) -
Tph . M.A,B -- . , . : E : .

Sc. taeniopterus
Iph . M, A - .
4ﬂv3 - >..I| . ) . . . ) o o
_ P
Sc. vetula . . .
Iph - “
Tph P ce s

>

=
1
1

‘Scarus juv. M,A,B

Sp. aurofrenatum
juv. M, A
Iph M, P
Tph

zlv
ol

Sp. viride < . . : .
- Juv. : .
Iph-small
Iph-large . o )
Tph ) ) o : -P M ) . ~M P : M --

=2
=X
=X
z==
1
zx [z
k4
N
= zlm
]
k4
1
]
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found among some Scarus species and Sp. aurofrenatum as a
re;ult 6f both gregérfousness (Table 15) and and similar
substrate correlations (Tables 10 to 13).
Qorre!atibhg between different parrotfish species
There_were‘few‘indications of negative interépecific
associations at site M (Table 14). Iph Sc. vetula differed
most from the‘other pacrotfisﬁ. Sc. iserti, Sc.
'taeniopterus, Sp. aurofrenatum and Sp. viride all correlated
~positively with one another. Sc. vetula did so only with
gboups that, like itself,twere uncommon on thé barrieh reef:
juvenile Scarus and both juveni1e and_Iph Sp{‘vifide (Table *
14). Juvenile parrotfish showed strong positive
corrélations. particularly ij;nile Scaruswith juvenile
Sp. viride., Tph had fewer interspecific correlations than
Iph. However,‘Tph Sc. iserti were positively correlated with
- Tph Sc. taenioptePUf, which were positively corre]ated with
Tph‘Sp. auhofnenatum. Tph Sc,~vetula and both adult phases
. of Sb; aurofrenatum and Sc. taeniopterus correlated |
‘positively with Tph and large Iph Sp. viride, occasionally
“joined their feédihg aggregations (Tab]e J5),“and'were more
numérouswin the offshore, deeper end of site M whefe the'
~ aggregation wandered: o |
19The ohly'ihterspecific,negative corrélatfons were
between Tph Sc.‘vetula with juvenile Sp. viride. & This Was

certdinly dpe‘td‘different substrate requirements rathe:

& With depth controlled in a partial correlation anal)
negative correlation between Tph Sp. viride and Iph Sc
vetula disappeared.
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than competitive interactions, since aggression befween this
pair was never séen. The lack of negative correlations and ‘
the large number of positive ones at site M, reinforced the
conclusion that strong différences in spatial distribution
wére not épparent on this scale oé analysis anduindeéd, that
many species shared‘similar distfibution patterns.

There were‘fewer‘iﬁferspecific correlations at site A
and only two were negatiye: Iph Sc. téeniopterus énd
juvenile ScéPus, both with Tph Spi aUPofPenatum.(Table 14) .
Tph Sp. aurofrenatum occasiohally chased Iph Sc.
taéniopfeﬁqs (Table 16), so spatial segregation due to '
combetitive interactions'was possible although uﬁlike]y>as
th{s particular correlation did not. appear at the other
sites. Juveniles correlated with each other, és did Iph Sc.
iserti with Sc. taeniopterus, and Tﬁh Sc. iserti with Tph

Sc. taeniopterué and Ibh Sp. aurofnenétum.

At sites B and P there were also feWer significant
correlations than at site M (Table 14). Both Iph and Tph Sc.
isenti positive1y coﬁrelated with juveniles, as did
juveniles With each other at site B. Iph Sc. iserti and Sc.
taeniopterus showed positive correlations. A negative
correlation between Tph Sp. aunofkenatum and small Iph Sp.
viride was noted, perhaps evidence of avoidance'since Tph
Sp. aurofrenatum commonly chased Sp. viride (Tablé 16). At
- site P, Tph Sc. taeniopterus correlated positively with Tph
Sc. isePti.and Sc. vetU]a, but negatively with Iph Sc.

iserti and Sp. aurofrenatum, all of which it occasionally
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Table 15. Percent of time that parrotfish were seen swimming or feeding within .one to three body lengths of at least
one other parrotfish during grid surveys (TOTAL PERCENT). The percent of »dm total sightings with each species are
given. Values are averaged over all sites. Total sightings in parentheses.

) SEEN WITH: - I
TOTAL Sc. iserti Sc. taeniopterus Sc. vetula Scarus Sp. aurofrenatum "Sp. viride )
PERCENT : Iph Tph - Ipn Tph Iph Tph juv. juv. Iph Tph juv. Iph-S Iph-L  Tph
Iph Sc. iserti : )
(18790) €69.3 61.8 7.6 17.0 .04 3.5 0.03 3.6 3.7 6.7 0.1 0.3 2.0 0.03 0.01 ‘

Tph Sc. fiserti - ’
(930) 22.9 {41 2.0 6.1 0.0 0.7 0.0 _ 0.3 0.t 1.2 0.03 0.0 0.3 0.0 0.0
Iiph Sc. taeniopterus : :

(5776) 56.6 23.3 2.3 46.3 0.5 2.3 0.1 2.5 4.1 5.6 O.1 0.7 1.7 0.1 0.1
Tph Sc. taeniopterus o~
(643) 6.7 1.0. 0.0 4.2 1.0 0.4 0.2 0.0 0.0 0.1 0.2 0.0 ~ 1.2 0.2 0.2
Iph Sc. vetula « . : . - .

(1946) 30.0 9.4 0.8 - 3.0 0.1 i8.9 0.8 0.2 2.5 0.2 " 1.3 0.03 0.3 1.8 0.03
Tph Sc. vetula " : .
(291) 4.4 0.4 0.0 0.3 0.2 - 1.4 0.8 0.0 . 0.0 o.1 0.1 0.0 0.6 1.4 0.5
juv. Scarus ) :

(5337) 74.7 5.3 0.2 8.6 0.0 2.3 0.0 62.1 25.8 . 1.2 0.0 7.5 0.8 0.0 0.0
juv. Sp. aurofrenatum ®
(897) 43.0 5.3 0.3 ) 8.4 0.0 0.6 0.0 20.6 21.3 2.1 Q.0 3.0 0.2 0.0 . 0.0
Iph Sp. agpofrenatum : ‘ : .

(3554) 22.8 11.0 0.8 8.6 0.1 - 1.1 0.03 0.6 1.1 8.0 1.2 0.1 2.2 0.1 0.03
Tph Sp. aurofrenatum . .

(1098) 11.7 0.4 _0.0 0.4 0.2 0.2 0.1 0.0 0.0 2.9 6.5 o.o\. 1.5 0.2 0.3
juv. Sp. viride
(793) 28.1 4.9 0.0 2.0 0.0 0.5 0.0 18.6 9.4 0.2 0.0 6.7 0.4 0.0 0.0
Iph Sp. viride: small ’ : : ) :

(2438) {5.1 4.5 0.1 3.3 0.8 1.1 0.1 0.3 0.1 2.8 0.8 0.2 6.7 0.2 0.0
Iph Sp. viride :large ‘ - .
(582) 27.6 0.5 0.0 3.3 0.6 1.1 2.2 0.0 0.0 0.5 1.0 0.0 1.5 23.14 12.1
Tph Sp. viride ' ) : .
(210) 16.7 0.2 0.0 1.0 0.8 0.6 1.6 0.0 0.0 0.5 fxﬁ/,, 0.0 3.2 11.9 8.7

{
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Table 16. Interspecific aggression: total number of aggressive interactions seen during 155 hours of observation.

SPECIES RECEIVING ATTACK:

: |}
Sc. iserti Sc. taenfopterus Sc. Scarus Sp. aurofrenatum Sp. viride .
SPECIES “Iph _° Tph . Iph Tph Iph juv. juv. Iph Tph juv. Iph-S Iph-L Tph
INITIATING ATTACK:
Iph Sc. iserti
8 1
Tph Sc. iserti . . - .
e 31 4 8
Iph Sc. taeniopterus R p
5 1 2
. <
Tph Sc. taeniopterus - ’
8 15 13 2
s
Iph Sp. aurofrenatum .
3 ] 3 3
Tph Sp. aurofrenatum . .
3 6 7 4 3 24
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attacked (Table 16). Iph Sc. taeniopterus correlated
pésitive]y witH both large Iph and Tph Sp. viride.
Social groupings and interspecific agaression

Positively cébrelated species were probably'not
excluding one another within a quadrat. Parrotfish commonly
formed heterospecific groupings (Table 15: Ogdgh“hnd
Buckman, 1973; Itzkowitz, 1974, 1977a). Such loose feeding
‘aggregations were especially common at site M (Appendix 1F).
Those fish that showed positively correlating spatial |
distribution patterns’ (e.g. Iph SC. iserti, Sc. \'
taeniopterus, and Sp. aurofrenatum), often swam and fed
together (Table 15). Interspecific aggression was noted in
less than O.g % of the grid survey sightings. Activity
budgets (Chapter 7) gave similarly low values. In over 150
hours of intensive behavioural observations;bl saw fewer
than 180 interspecific inferactions (Table 16), and many' of
these wére_of low intensity, e.g. supplanting at a food
‘source (see also Barlow, 1975). The'possibility that a -~
fish's presence a]onevsuf%iced to repel other species was
not tested, but ééémed unlikely given their gregariousness.

Parrotfish generally attacked fish that were the same
size, or smaller than themselves. Tph Sc. iserti chased off.
Iph Sc.‘taeniépterus more often than any other'parrotfish;
yet the two correlated positively at sites M and A. Likewise
Tph Sc. taenioptérds'chased'Tph Sc. iserti, with which.it
correlated positively at all but site B.LItralso chased Iph

s

Sc. vetula, and received aggression from it in return. A



size-dependent interspecific dominance network may exist
among the scart®h inhabiting particular sites, but it was
not highly enough developed to lead to exclusive use of
space and interspecific territoriality of the sort that
exists in certain Great Barrier Reef damselfish (Sale, 1974,

1975).

F. Summary and discussion

Corre]atioh'coefficients at‘the offshore sites A, B,
and P were less often significant, and significant ones were
lower than those-.at site M where over half had probébil%ty
levels below 0.001 (Appendix 1). This result is consistent
with the analysis of coefficients.of dispersion, and
correlations with substrate variables, which showed that

clumping and substrate segregation were higher at site M

*-.

_than elsewhere. h

While some depth segregation oétu;fed at site M, it
probably reflecféd the effects of underlying variables such
as damselfish distributions. Sc. vetula, and poséib]y Sp.
viride may have been réstricted to more sha]léw water than
the other species.VSQ. vetula djfféred most from the other

scarids in being positiVely associated with staghorn coral

and the damselfish E. planifrons. Sp. viride was

intermediate, showing correlations that linked it to both

R I
4« T

Sc. vetula and the other species. Interestingly, Sp. viride

was more common at the offshore sites than Sc. vetula (see

Lo

Table 5), and may have been more similar in substrate
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associations to fge_other species.

Juveniles of all species sHowed positive correlations
with finger corals, and negative ones with small coral
heads, possibly indicating avoidance of concealed predators.
Those species most common at the offshor% sites, Iph Sc.

iserti, Sc. taeniopterus, and juvenile and Iph Sp.

‘aurofrenatum, shared numerous correlations with substrate

variables. Iph had more corre1ations than Tph, an indication
of their greater dependence on coral for protection or fooa.
The damselfish, Eupomacentrus planifrons, may be the
single most important factor affecting the distributions of
juvenile and Iph parrotfisﬁ, particularly at site M. Its
lesser effects on Tph fish-andvlph Sc. vetula may be due to
their greater size, wHich renders fhem more difficult to

dominate. There were fewer correlations at the other study

sites. Iph Sp. aurofrenatum showed the only consistent

correlat1ons at the more homogeneous of fshore s1tes B and P,

,belng positively correlated with percent cover by sand.

~ There were few striking positive or negative
associations between parrotfish. Juveniles tended to occur
in the same areas, an; were more often positively correlated
w1th-1ph than with Tph parrotfish, a reflection of both
similar substrate relat1ons, and greater gregar iousness.
Negat1ve_cqrhelat1ons were uncommon, and could be related to

actual aggressive interactions in only a few cases (e.g. Tph

Sp. aurof renatum chasing off §p. viride at site B). Negative

correlations-bétween Tph and-juveniles at site M were the
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- result of depth segregat1on Groups of parrotfish that had‘ R

. shown similar substrate assoc1at1onquEre often pos1t1ve1y

correlated and tended to aggregate Interspec1f1c

aggres51on among parrotf1sh occurred 1nfrequent1y, and c0u1d

not account for the spat1a1 segregatlon that d1d eccur.

These resu]ts appear to support Sale s (op. c1t ) view ..
of reef fish as genera11sts only Iph Sc. vetula.showed

lear contrasts with the other spec1es, and is wonthy of

more deta11ed study than 1t has received so far. The other

‘spec1es emerge from. th1s analysis, not with prec1se]y

‘;def1ned d1st1nct ecological requirements,. but w1th a

mu]titude of overlapp1ng associations. Wh11e parrotf1sh

overall may be conSidered as specialized herbivores, certain

groups of species (e. g Sc iserti,‘Sc 'taeniopterus .andd

Sp. aurofrenatum) are very similar in the1r habxtat

‘requirements. The fact that there was a d1$ferent blend of

these species at each site - e.g. more Sc taenlopterus at,~

(

ecolog1ca1 d1fferences between these . spec1es wh1ch this

hanalys1s did not reveal An analys1s of their space

H

utilization and feed1ng behav1our (Chapter 7) will exam1ne
whether these do show resource spec1a]1zations not revealed

here. The search for one s1ngle factor contro111ng spec1es

,d1strnbut1on patterns on coral reefs may be fut1le, reef
'f1sh appear to be adapted to exploiting a. comp]ex and

' var1ab1e hab1tat 1 suggest that future researchers o

1nterested in understand1ng the spat1a1 d1str1but1on

18

site A, more Sp. aurofnenatum at s1te P - may ref]ect subt]e ."



-,

"m,‘

#

% v

AN

e 5 {

no - . . u o
' . '1 ‘ S : 120

.

patterns.of reef fish cpntﬁque with detailed correlative
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V1. \Parrotfish life history

It is now well establ1shed that many fish species res1de
re]at1ve1y ‘permanently in’ home;areas Early tagg1ng stud1es
revealed that some’reef species were long term residents

thh~good homing ability (Bardach and Menzel, 1956; Bardach,

- 1958; Randall, v196tb' Springer and McErTean, 1962a) . ~;j

Parrotf1sh occupy certain reef areas for at least several

months and home when d1sp1aced (Winn et al., k964 Ogden and |

Buckman, 1973 Buckman and Ogden,_1973 Bruce, ‘1978) .

Usually the occupanc1es reported are minimum valbes,kthe
*

'study often ends before any turnover of 1nd1v1dua1s has

occurred (Reese, 1973)

By observing 1nd1v1dua1 turnover in natural populat1ons‘

- over a per1od of time, it is possible to determ1ne the

f-
under1y1ng processes of populat1on dynam1cs, the stages an

1nd1v1dua1 passes through as it progresses from Juven11e to

adult Such stages, or- behav1oura1 classes, separable on the

bas1s of s1te -attachment, aggress1on or- reproduct1ve
activities, are known “for many fish spec1es, 1nc1ud1ng Sc

iserti (Warner and Downs, 1977) but have not been

'1dent1f1ed in other parrotf1sh

_‘ o

I was able to determine the occupancy times of

parrotf1sh cont1nuously from May, 1978 to July, 1979 at

sites M, B and P. Site %g;as mon1tored for only two months,

so occupancy of its residents was unknown : In some cases,

,.f1sh that, had been 1dent1f1ed in 1976 7.were st1ll present

jn 1978. I had more success w1th some groups than others.

1

.12 P

)
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Tph Sp,‘auﬁofrenatum»and'Sc. taeniopterus were recognizable
at a glance with’gbeat certainty_over.long periods of time.
Tph Sc. iserti were more difficult as they weré_numeroué,
and their color marks were less Wéll deffned; a pdsitive
~identification tooklsevgrai minutes of close observation.
NeQertheless I.had'SQme.sucgess with Tph Sc. iserti during
the'lattér seven months of the'ggudy. Iph fish were
~_identified with the least success, except in the ¢ase of
fish‘with very Unusuél habkings (e.g. an Iph Sc. iserti at
site B with a split tayl; an -Iph Sc. taeniopterug‘at site P

“with a "wavy" sidelst ipe). The occﬁpanéies.of ﬁhose fish

marked with acrylic Raint are probably severely.

underestimated; fdr the paint4faded ih threeito'six~weeks.
: FTthocCupancies'of Tph ﬁa]és‘who were present on_the sftes
at the'beginnihg’brfénd~oF'this study were also |
undergstimatéd.QMaximUm observed 0ccupahcies probébly‘give

the best estimates for resident fish.

A. Description of behavioural categories - Sk

Residents .

iftbeéame.obviOUS early in the study that nOt‘él] fish
of the same species and phase behaved alike. Maﬁy were seen
again and again in the same'places. Such fish Were
c]assifiedvas residents. Théy swam.op361y and were not
chased out of their norma] ranges by other fish.

Terminal phase residents were territorial ;s'opposed to
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being s1mply s1te attached 7 j.e. they‘defended the borders

of their home ranges from other Tph males (see Figures 17 ‘to

19, next chapter, Brown and Or1ans, 1970; Wilson, 1975) . The -

terrttories‘df residents and home ranges of Iph fish often}

' overlapped partially or ehtirely CWhen overlap was complete,
the Iph res1dents were called a harem The. Iph f1sh res1d1ng
w1th1n a harem were referred to as belong1ng to the Tph and
-v1ce~vensa. Iph defended their ranges from like- s1zed |
individuals but did_not exc lude smaller fish. WelT-deQeloped
territoFiaIity in Iph female. SC iserﬁ+\\named yellow}ins

because of their bright yellow pelvic fins, was descr1bed in

.Panamianian popu]at1ons (Buckman and Ogden, 1973; Robertson

et al., 1976; Warner andlDowns, 1977). 1 detected ye]]owfins

at all sites (except site A where‘Sc lseﬁtl was not

‘abundaht) but they were not as common or aggressive, nor
were .their pe1v1cs as deep a yellow as those in Panama
* {pers. obs. ). For the purposes of th1s discussion, the homev

ranges of Iph fish w111 ‘not be termed terr1tor1es although

(4
some defence of space may have occurred

i 8

Irans1ents and intruders “f’“

e

~Another class offf1sh,'non?residehts or transients.

- behaved veryvdiffereht]y; and were resighted only a fewv
times at -most. Transientsvmovedlih:aidirected manner over
long stretches of the reef, stopping occasionally to feed. I

- .did notﬂcount'fish'seen during sunrise or surset migrations

4

— e — e — .- ——-————-— - . * 2

7 Site- attached 1mpfﬁes remaining in the same area over some
period of time (Sale, 1978c) but does not connote active
defence. of borders : , .

<‘1.
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as trans1ents (Dubin and BaKer; 1981). Trapsients were
omet1mes chased or fo]lowed by res1dent f1sh The transient
Tph Sc.’ taen iopterus and .Sp. aurofrenatum at site M behaved
"nervously"; they would start and_take cover\ if approached;
and some were emac1ated in poor shape, with scales missing.

Intruder Tph males were a spec1a1 catego y of transient
fish, seen w1th1n the boundar1es of another ma he's |
terr1tory, often feeding quietly near coral heads. Tph Sp.
aurof renatum intruders behaved part1cu1ar]y surreptitiousfy,
-hanging beneath coral overhangs andbmoving very slowly; They'
also had»a-Unique colour pattern, with a very darK red belly
and dark orange red, rather than yellow, post-oper uTar
" spots. They rapidly took on the normal male coloratlon when
"attempt1ng to cla1m a vacated terr1tory (see below) . Tph Sc.
taenloptenus 1ntruders were less secretive and would feed
calmly 1n\the open, some turn1ng‘an Iph-1ike striped pattern
“when a -Tph male'nas nearby. Both Sc. taeﬁioptePUs and Sp.

' aurof renatum intruders were viciously chased off when

- detected by a res1dent Tph Intruders were harder to
1dent1fy‘1n Sc. lseFtl They fed*openly in terr1tor1es and
were often'tolerated by resident males.

Known res1dents, “neigthurs", also trespassed‘in otheri
}males territories. However: the1r behav1our was qu1te'
dﬁfferent from that of intruder trans1ents. The neighbours
'-generally swam openly, well abovefthe coral, and were’

ignored, or escorted out at a‘distance of severaT netree“hy

the resident Tph. Neighbours’ "visits” Were usually"

1
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peaceable, but on several occasions Tph 5p. .aurofrenatum
crossed into a neighbour’s ierritory, turning dark and
mott1ed,'and vigorously chased Iph fish.

' Transient and intruder Tph were least comhon inshore at
“site M (F1gure 14) .8 1f the 1ntrus1on rate represents
attract1veness of an area, s1tes A and B were most
attractive to Tph sc. taeniopterus, sites B and P to Sp
aurof renatum. Tph neighbours trespassed’most qften at site
P. 1 cannot adequately explain this phenomehon. One Known
neighbour #hjfted into site P from at 1eést 50 m away. Site
P's proximity to two reéf slopes may have increased
‘competition for territories there (see Chapter 8).

Some Iph fﬁsh were also trans{éht.vTransient Iph Sc.
iserti and Sc. taeniopterus, were seen at a]] s1tes, they
>moved in groups, and fed often. They were occas1ona]1y
chased by Tph males. ‘The massfve feedgng aggregatlons of ScC.
‘taeniopterus_and Sp. vi;ide.tﬁat formed at sité,A (Plate 3;
Chapter,4)Awere somewﬁat site-attached, moving over an area
6f at 1easti3000 mz; On one occasion I found a second large
féeding school of 100 Iph Sc. iserti and 50 Ipw Sc.
taenioterus.ca; 300 m southeast.of site A, |

" Transient Iph Sp.‘aunofrenatum were first noticed
because of the~uhique instantaneous colour change and
behaviour of Tph males who followed aﬁd inspected‘them. The
males’ normal green colour became moftled with- white, the

8 I did not 1nclude any intruder Tph Sp. aUPoFrenatum seen
during removal experiments at site B, and could not
accurately detect Tph Sc. IsePfl intruders anywhere.
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Figure 14. The number of Tph Sp. aurofrenatum and Sc.
taeniopterus intruders seen at study areas aver 1978-9.
Neighbour Tph were known nearby residents while unknown Tph
were tran51ent intruders.

N . .
NUMBER OF TPH INTRUDERS PER 100 HOURS

" Sp. aurofrenatum |
Neighbour Tph
40+ . .‘.‘!;“:1 )
‘ #:lUnknown Tph
o0k o g
s
. — - A ~
Site: M~ A B P

Distance from shore ————

Sc. taeniopte rus

|Neighbour Tph

201 i
. : | P Unknown Tph
Site: M A B P

Distance from shore —————»
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v

lower sides went deep red and a ventral white stripe,
extending onto the tail, appeared. Typically,}the>male
approached the one to three transient Iph.ahd followed
beh1nd them in this. unusual colour pattern with his snout
held a few centimetres from the vent of one Iph. Follow1ng
lasted for 10 to 30 seconds. The male then returned to his
normal colour and would.display,to and chase the Iph‘fish.
Tph Sp. 'aurofrenatum twice followed* Iph Sp. viride andqonce
several Iph Sp. Chrysopterum in the same way Ibh residents
a]so displayed to, followed and chased transients. Fo]towing
occurred in 21 of 83 separate sightings of one or morev |
transient Iph Sp aurof renatum, wh1le chas1ng by elther Iph
_or Tph residents occurred 34 times.
TranStents.were_paler‘than residents, and had
thahsparent,-rather than red, anal and caudal fins and a
'hetallic'sheen to their bodies. They coutd rapidly'revert to
a normal colour. I soeared‘fiye of thesettransient Iph. Al
were re]at1ve1y large (SL 127-159 mm) One (SL 153 mm) was
beg1hn1ng to change .sex but showed no s1gns of Tph
hcolorat1on (see Re1nboth 1962, 1968 for h1sto]og1ca1
cr1ter1a) its ovarian lumen was very 1arge with only smal]
dark staining oocytes in the lamellae, a few atret1c bodies,
and prol1ferat1ng spermatogenic cells. The other four had
normal active fema]e gonads, with large, yolky oocytes and
empty fo]l1c1es where eggs had been spawned
Large, transient Iph Sp aUPofPenatum were . also more

common at the offshore sites than elsewhere (Table 17), and
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Table 17. The number of transient Iph Sp. aurofrenatum seen
at each study area over 1978-9, the number of Observation
hours at each site, and the humber of transient Iph per 100

hours of observation.

el

Site - - Number  Observation  Number per.

seen hours - 100 hours
M 17 "157.75 10.8
A . 1 . 42,05 : 2.4
. B 58 . 192.03 30.2
p 44 131.25 33.5
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were seen at all times of the day. At site B they moved

mainly northwest and southeast along the ridge top toWabds

or away from the outer Slope (Figure 2). ‘I followed

one fish for several hundred metres until it began to
gradually descend.the outer siope. They moved in all
directions at site P; both towards and away from fhe north-
and east-facing slopes. At site M they moved pr}marily

inshore and offshore (east-west). Transients’ status was

“unclear. The active state of their gonads, and their

hqvements:towards and aWay from reef slopes hints that they
were higratfng for Spawning purposes. Howevéf? the existence
of one sex reverser among them suggests that transitiona]
Sp. aurofrenatum were also transtents.

Residentskmay follow transtent Ipi\ s in'order to

determine their sexual status. Tph males would bé especially

likely to chase off Iph males which are potential mate -

compet itors (Rober tson and Warner, 1978). Tph Thal assoma
bifasciatum also follow Iph @ales, inspect their anal

region, and then chase them (Warner and Robertson, i978).
Randall and Randall” (1963b) fe]t;that Tph Sp. rubripinne

detected Iph males by chemoreception. Aggression by Iph

| resideng§ may also exclude potential mate competitors, i.e.

other'ripe females. Females of a temperate wrasse’competé‘
for early spawnings by chasing other females (Jones and
Thompson, 1980). Female-female interactioné require much

more study,in}tropica?_labrids and scarids.
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B. Duration of occupancy
Residents

| The number of Iph fish identified (either by marking or
by scar pattehns) at- each study area over the entiEe study
is shown in Table 18. My'succes§ in identifying Iph fish was
too low to compare the occupancigs'at di fferent gites with
“much certainty. For Sp. aurofrenatum 6ccupancies appeared
simitar. Despite intensive tagging, no Iph Sc. taeniopterus
or SOJJiSEPtf were seen béyond two to three months at site
M. The Iph Scarus population there may havebbeen more
‘tEansient than at the other siteé. Certainly some Iph Scarus
resided permanently at sites B and P.'One known . Iph Sc.
-iserti was resident at site‘B for over a year béfore
éhanging sex and remaining there. A Sc. taeniopterus at site
P also remained after tbénsforming_tb Tph‘oelpursf Assuming
that the maximum durations in iab]e 18 are representative,
AIpH fisH cén be resident offshore for at least eight‘mohths.

The occupancies of Tph males were detgrmined with morev

certaiﬁty (Tables 19 to 21). Maximum occupancieé of Tph Sp.’
aunofngnatum ahd Tph Sc. taehioptenus were approximately two
years. Sc. iserti remained\ét most eilght months to one year.
Since I Knew the approximateanumber of territories in a site
and could estimate when fish disappeared or entered the area
from my weekly grid surveys, 1 could calculate the rate 6f
Tph turnover in a térritory~over a yeér (Tph_per territory
per yeér). The_invgnse,of this value (multiplied by '365)
"gives an estimatevof the occupancy which is presented in -

A
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Table 18. Number of Iph parrotfish identified over(fée
course of the study (1976-7 and 1978-9) at each site, and
durations of occupancy (mean-and maximum) in days.

Site

Maximum occupancy

423

Site Site

; M B P
Sp. aurofrenatum:
Number identified: 26 37 2
Mean occupancy: 23.2 19.3 75.0
Maximum occupancy 266 245 149
Sc. taeniopterus:
Number identified 22 32 4 12
Mean occupancy 12.1 11.5 85.5
MaXx imum occupancy. 68 -125I 286
Sc. iserti:
Number identified 36 8 0 )
Mean occupancy 11.4 70.4 ND -

99 )

ND
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Tables 19 to 21 as days per territory per Tph. The estimates
agreed well with the observed occupancies except for Sc.

taeniopterus at site P (Table 20), which had an extremely

low changeover rate. However, the occupancies observed there

were underestimates becapse most fish were resident
throughout the entire study.

There was a marked difference between site M on the one

"hand, and sites B and P on the other in Tph Sp. aurofrenatum

occupancies (Table 19). Territories at site M had a

changeover rate of four to six fish per year, and the

- average occupancy of males was little over a month. At sites

B and P, residents changed at a rate of 0.6 to 0.9 psr
territory per yéar, and males remained on average foﬁr to

five . months. Positio shifts wefe,more common at site M as

g

Durdtions of

y were also siight]y shorter and ¢
positional shifts more common in Tph fb. taeniopterus at |
sitesM than for Sp. aurof renatum, but the difference was
less marked (Table 20). The changeover rate of Sc. iserti at
site M was also somewhat higher than at sites B and P;
although some residents were seen over‘a long period of time

(Table 21). Resident Sc. iserti at site M were often

fmissing, in~spite>of my careful searching for them.

Information concerning their usé of space (see next chapter)
hints that they moved between scattered areas throughout the
day, and perhaps migrated elsewhere to spawn.

The shorter occupancy times of Tph males at site M,

-



’ Y . . J' ’ i E N ! ~
- Table 19.. Number of res1dent and- transﬁent or ﬁntruder Tph
Sp. ‘aurofrenatum identified in 1978-9 at each site, the

number of territories overlapping each study area, - the
number of Tph residents enter1ng, leaving or shifting”
position, -and. the turnover of Tph per territory per year
-The mean and maximum observed otcupancigs are given in days.f’
as are occupancies est1mated from the turnover rate for Coe
res1dents ,

a

) ‘Site M Site"B. . Site P .
. (3000 m2) 11800em2) {1500 m2). -
o Number'ofiterritories: L 54”““,“ : DA
' Complete overlap' 4 -7 ‘4 -6 5
Part1a1 overlap1 2 2 ' 2 - 3
Tph turnover:. - N A
Positional sh1ft52 R : 0 1
‘No of Tph disappearing 44 5 >
No. of newcomers 38 J 7 | 6
| Tph/terrwtory/year '3.8- 5.9 } 0.6*'_0.9 - 0.6- 0.7
 Days/territory/Tph 62 - 94 406 -568 497 -568
. " Residents: o . o
- Duration (Days): L TR : B
Mean - - 3786 143.6 . '166.6 -
s }Maximum ‘ - 185 -~ - 678 . 400
No. identified: ' ‘, ‘ ”
- Resident on-site 50 22 : - 13
. Newghbours ' ~"a'-13 : 20 20
nsients/lntruders IR - o _
_Duration (Days): B o e
Mean =~ L 1.0 - 3.3 20.4 S
- Maximum LR | R 39 195 a
No. identified -3 44 - 23,
Total Tph identified 66 86 56
. , . o . R \‘ A .
‘ — ' .év;
A
1 Completé overlap over 75% of. terr1tory w1th1n study area :
Partial overlap: less than 75 %. A ‘
2Shifts included fish that completely sw1tched pos1t10n "

“w1th1n the area or moved gradually out of 1t
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.
‘Table 20. NOmber;of hesident,ahd.tranSient or intruder Tph
Sc. taeniopterus identified $h 1978-9 at each site, the -
number of territories overlapping each study area, the IR

~ nymber of Tph residents entering, leaving or shifting

. - position, and the turnover of Tph per territory per year.
: . The mean and maximum observed occupancies are given in days,
N N  as are occupancies estimated from -the turnover rate for
. - residents. g e e : R S
. siteM  SiteB' - Site?P
s (3000 m?) (1800 m2) - (1500 .m2)
Number of terrftories: | : S
Complete overlap! 3 -6 -~ 3 - ‘-5 3 - 4
;Pagtia],oVerlap‘_ i 5 - 4 2
| Tph, turnover: . ',‘ ) ﬂ
R . " Positional shifts? 4 1 0 &
o o fNonf‘TpH disappearing 9 7 | 1
g’f' " No. of newcomers . 8 7 3
7 ph/territory/year  1.0- 1.8 0.7- 0.8 0.3
. Days/territory/Tph - 200 - 351 487 - 568 1085 -1278
Residents: = . < R '
‘Duration (Days): =~ T o '
" Mean_ . . - 137.8 - 298.3 . .200.8
R A Maximum = - . 390 o721 . 407
S - No. identified: IR : '
-4y Resident on site 14 - . 14 5
¥ Neighbours _— 7 . 3 7
Trgnsiéntsllntrudeﬁsf | |
., Duration (Days): - S ’ N S
2 Mean - X - 1.0 ' 38.5 1.0
o Maximuw o o 1 354 . 1
7 No. identified . 7 19 - 8
Total Tph ddentified - 08 3 20

-1 Complete overlap: over 75% of territory within study area.
Partial overlap: ‘less than 75%. S ‘

- 2 Shifts included fish that completely -switched posifﬁon
within the, area, or moved gradually out of it. g

e . : . Lo

e
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Table 21. Number of resident and transient or intruder Tph’
Sc. iserti identified over seven months at each site, the
number of territorie¢ overlapping each study area, the
number -of Tph residents entering, leaving or shifting
position,.and the turnover of Tph per territory per year. o
The mean and_maximum observed occupancies are given in days,

‘as .are occupancies estimated from the turnover rate. for
* residents. Only a portion of each site was observed.

. siteM  Site B . . Site P
(3000 m2) (1800 m2) = (1500 m2).

Complete overlap' 2 - 3 5 - 7 7. - 8
Partial overlap' 2 - 4 .2 SRR

Tph turnover::

Positional shifts? 0 0 ]
'No of Tph disappearing 6 6 6
No. of newcomers 7 5 6 . ‘
- Tph/territory/year 1.6- 2.8 1.3 . 1.3
‘Days/territory{Tph. 131 -229 . 271 : 284
Residents:, N R & | . o .
Duration (Days): . : ' _ Y
Mean - ‘ 109.5 124 . 1 B 60.8
MaXimum- o 343 - 278 - 280
No. identified: : : '
Resident on site - 9 . 11 ' 14
Neighbours * 1 ' .2 0
Trahsients/lntrudersﬁv ' ' L
- Duration (Days):- %
Mean | 1.0 2.3 3.3
Ma ximum . o 1 .9 10.
No. identified <7 4 6 4
Total Tph,identified 14 o 18

1ate OVerlap;so&éﬁ.75% of territory within Sthdy area.

1.-over 1dap: less than 75 %. '

P@nt,‘

2. Sh¥ts included .fish that completely switched position.
 witHif=the area, or moved gradually out of it. ;

o
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2

.part1cu1ar1y Sp. aurofrenatum, were probably not a result of

h1gher morta11ty there since Iph Sp aurofrenatum did. not -

show the same trend P1sc1vores were not not1ceab1y more

common ‘at site .M than e]sewhere (Table 3), and those present?_

‘ were,too smal] to handle mature parrotf1sh Fishing pressure
was also no more- 1ntense at site M espec1a11y in 1978- 9
when local f1shermen agreed to stay away

These temporary Tph Sp aurofrenatum were not

?d1str1buted‘evenly over site M. Eight males that lived |

L3

during 1978'9,

R

v

| pillar cora] zone éé% F1gure 3) had occupan¢1es averag1ng
86 days. Seven males seen over the f1nger coral and other

~ (mainly rubble) zone rema1ned on average 24 days. Twenty two
‘}males 11v1ng over: the’ m1ddle of the area, prlmar1ly in the

staghorn coral zone rema1ned for 46" days on average. The 29

Tph. males seen 1n the shallow, 1nshore rubblie and smalT

: coral zone were reSTdent on average on]y 18 days These‘
differences were significant (Anova, F(3,62) = 6.2, P <

0 001)> Thus the staghorn and shallow rubble zones had the

most turnover, while the longest occupanc1es on average wére'

for f1sh on the offshore fac1ng slope Three of the nine
-:pos1tlonal shifts were for fish in th1s zone; two fish
gradually sh1fted offshore and were lost from the record,
;while one moved‘northwest of f the area. Oneffish from the
flnger cora] zone shifted northwest The others'shifted .
w1th1n agd between the staghorn and sha]low rubb]e zones No

shifts occurred in an 1nshore d1rect1on ‘Jones (in press)

&

he ‘of fshore-facing slope (pr1mar1ly in the -

. e
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v’found that male Pseudolabrus celidotus in shallower inshore
regxpns had shorter occupanc1es than those in deeper

of fshore areas, and that space 1nshore was not 1mmed1ate1y
refilled as it was offshore. He also obServed shifts 1nA/
oftshore dtrections from theltemporarily inhabtted areas,J
ahd'related them to competition among males for good :
spawn1ng\51tes in deeper water. , ‘ \.“

There was no such dlfference between zones in L

occupanc1es for Tph Sc. taenlopterus at site M (F(3 24) =

0.9, ns). Males occup1ed all port1ons of the site equally
often. Three fish shifted south of f the area, one moved
north. My information on Sc. iserti was. incomplete a%,l only
observed them in‘the shallow }nshore half or'site M.fI
. recorded both, short term and long- term occupan01es for Tph
Sc. ISéPtI in the same zohes of site M. | -

| There were ho- ehangebvers of Tph Sp aurofrenatum or
Sc. taenlopterus over the two month observat1on per1od at'

site A.

. a
el

My results show that most Tpﬁw with the except1on of
Tph SQ‘ aurofrenatum and some Tph of the other speé1es at
: s1te M, are long- term re51dents, rema1n1ng in their
terr1tor1es for over two years in some cases. Sc. iserti has
a more rapjd rate of turnover; the»other species mayi]ive
longer . \ = N
" Intruders and turnover of individuals
| - Replacements of Tph residents‘by intruder Tph were

investigated. Intruders, except those that became residents,
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. were never seen more than five t imes (Tabies 19 to 21).JNone

at s1te M were seen more than‘once. At s1tes B. and P
1ntruder Tph were seen occas1onally in d1fferent parts of

the'studyAgr1d. often many days apart. Two site B Tph' Sp..k'

- aurofrenatum that had first been identified as intruders

‘later took over vacated territories. One male (#31) was seen -

behaving as a typical intruder on December 18, 1978 and
danuary 2, 1978, before it@Was-notﬁced on danuary‘23,'
defend1ng a terr1tory (see Figure 17). The other was first
noted on July 22, 1977 trespassing on the southwest corner
of site B. Between,Augusth and 5, 1977, this éish made an
unsuccee%ful bidtto claim a territory’in the»southeast"

corner where the resident seemed il1l1; he was covered in

brown spots and only weakly attempted to repe]l the intruder.

By August 9, the intruder'was established in the northeast

'corner of ‘the grid where another reSIdent had perished 1n a

flsh trap
. These anecdotal observations reveal an 1ntense struggle
for vaca@ed territories at the offshore sites B and P. When

a - Tph Sc. iserti, Sc taenlopterus or Sp aurofrenatum

disappeared, his place was taken almost 1mmed1ate1y by a Tph
who came from a pool of wandering intruders. Shifts-by known -
hresidents into vacated space were veryfrare (Tables!19 to

21).

In an attempt to determine the amount of time before an
1ntruder male entered a vacated—terr1tory, J removed (e1ther

by spear1ng or confinement in traps) 31x Tph Sp

*

L
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\

aurofrenatum at dlfferent times and from d1fferent
terr1tor1es at site B.? The average time that elapsed until’
an 1ntruder entered and began to defend the terr1tory was
.25.2 m1nutes (range 3 to.77 nnnutes) In nine othen'removals
'when my dive termlnated before’ an 1ntruder had arr1ved
there was an intruder present at the next dive, and the.’
elapsed time averaged 5.4 hours. One except1on occurred on
Feb. 22, 1979 dur1ng a per1od of heavy swel]s A resident
Awas speared at 1100 hours. A ne1ghbour1ng male swam and
d1splayed in the vacated territory that day, but no 1ntruder
appeared. The seas were too h1gh the next day for d1v1ng,
but the fol]ow1ng day a new res1dent was in place Thus
intruders may restrlct the1r act1v1ty when cond1t1ons are
d1sturbed | .. |

»As Thresher°(1979af.deseribed,-remova] of afresident
‘Tph‘created a "power vacuum" in the enpty spaee. Larson ~
(19800) noted a s1m11an phenomenon in temperate marine
rockfish. Often severa] intruders vied for control of the -
-vacatedAterr1tory In four removal exper1ments where [ could
watch continuocusly for several hours, from one’ to\Vour‘
intruders made separate attempte‘to evict the new'nesident.
Three'of 8 attempts to displace newcqners were succe§sfu].
The,aggression levels during these struggles between\\
. intruder malee werevextraO@dinarily~high,1and fights could
last_for‘up to 20 minutes. interaetions be tween eetablished
residents‘genena11y endured onlyta tew minutes at most. Sueh
. oo

sRemoval daté€s: Oct. 5, 1978; Oct. 9, 1978; Jan. 24, 1979;
March 8, 1979 May 5 1979 arnd May 17, 1879. '

~ (
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lncreased aggress1on when terr1tor1es are being establlshed
occurs in other vertebrates (Morse, 1980)

Although removal exper1ments were not performed on the
other species, the situation was similar. Very 11ttle space
went unclatmed,at any of'the-offshore»sites A, B and P (see
Figures-17 to 19, Table 243.\and noiterritoriesvremained '

empty for any not1ceab1e perlod Tph/Sc iserti in Panama
: were rep]aced w1th1n two days (Robertson et al., 1976) . Tph
Pseudolabrus celidotus in New Zealand were also-radidly
rep]aced by nonterr1tor1al wander1ng males {Jones, in’
press) | :

At site M, vacated space was not.1mmed1ate1y f111ed
-valthough two days before several Tph males spawned there,
one lost his terr1tory to another after a protracted batt]e
,On four occasions at site M, I conf1ned Tph Sp. aurofrenatum
1n traps for 45 minutes to 24 hours No 1ntruders appeared

Terr1tor1es of all three spec1es at site M often went empty

- for severa] months, and the patterns of space use changed
 from sample to sample (see F1gures 17 to 19). At sites B and
| P, a\d1sappearance was generaﬂly balanced by one newcomer
Occasionally (e.g. Sp. aurofrenatum #1 at site B, Figure
17), an unusually 1arge territory was refilled by moredthan
one male, or a resident Jost‘partvof his ternitory to a |
newcomer but remained on site (e.g.. Tph“Sp” aUFOFPenatum #9,
~or «Tph Sc. taenloptenus #4, both at s1te P, Append1x 2). |
- This nearly one- to- one replacement of Tph . males d1d not

_ oceur at»s1te;M, and the number of . terr1tor1es in use at any

LN ~
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tIme\var1ed more (Tables 19 to 21)
The reasons for d1sappearances of Tph males were
usually unknown although some were fished in 1976-7. I

watched two Tph Sp.;aurofrenatum_(#20 at site P and #1 at

site B), and two Tph Sc. taeniopteﬁus (#5 and #6 at site B),

go into a physical decline and lose their territories. The
territory oF-site B Sp. éurofﬁenaﬂJm #1 shrank from 580 m?
(n—- 3 samp]es) in June, to 544 m? in October -(n = 2).'and
371 m2 (n “¥). in December due tb neighbours’ expansiqns
(F1gure 17, Append1x 2). On Dec. 16, 1978 this fish wae
observed, swimming very s lowly and scarcely feed1ng By Dec.
26, 1978, he had been replaced. A similar sequence occurred

for site P Tph #20. On Dec. 1, 1978 he wae seen hiding in

his former territory whi]e'an unknown male displayed and

attacked him. On Dec. 7, ‘1978. he was last seen, very
emac1ated w1th his post- opercular spots b1tten and bru1sed

The two Tph Sc. taeniopterus also: appeared tattered and

thin before their disappearances . Tph #6 reappea

weeks later as an intruder - in another part of site B,

‘emaciated and with dark spots perhaps paras1tes, on his

scales. | occasionally saw s1ck looking Tph Sc Iseﬁtl.as

well.

In summary, . Tph males that disappeared from sites B and
‘ . _ - Y

P were rapidly replaced by intruder Tph% Occasionally

neighbours expanded their territoﬁiee to claim parts of a

vacated one.AUhlikeftedltp blenniese(Nursatl, 1977) and

. _rockfish (Larson, 1QSOq), neighbouring residente'completety .
. » . . r,// . ) .
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filled emptied territories only rarely. Territories were not
rapidly refilled at site M. Tph residents may have lost
their territories due to disease or senility, but territory

loss did not always result in immediate death of the fish.

- C. F1sh s1zes o
Parrotfish var1ed more in s1ze at site M than elsewhere
(Table 22) V1sua1 est1mates were. not used in Tab]e 22, but

-

-agreed wel] w1th the actual measurements Iph Sp. >
aurof renatum at site M were smaller than f1sh at the other
sites (tftests). The_average size of Tph Sp. aurofrenatum
was also lower at site M, and greatey at site A than
elsewhere. Iph Sc. taeniobterus were largest at site P.
There were no diffeaences for any of the other groube}

The frequency d1str1but10n of Sp aurofrenatuy sizes at-
sites M and B, where sample”s1zes were.largest isi shown in
Figure 15. Tph Sp. aurofrenatum size varted'more at site M
thanrat site B. Some very tiny males associated with much
largerflph fish at site M, in contrast.to- Rober tson and

Warner's {(1978) statement that they ehould_overlap'only a:'
| few mi]]imetres-ih’size at any locale. The size c]asses of
Tph mates at site M dfd not segregate into different
substrate zones . | ’ o .

The size range of Tph males 'was surpr1s1ngly smqll at
site B, the great ma jority of males belng between 150 and
155 mm SL. My v1sual est1mates at site P gave the same

3

_narrow hange.'At site A, collections and visual estimates



Table 22. Mean sizes of fish measured in 1976-7 and 1978-9

‘at each site. Standard length in mm, range, n =
Only actual measurements, not visual estimates are given.

143

sample size.

__J
Site M' Site A2 Site B' Site P2
Iph Sp. aurofrenatum  121.1  138.7  133.1  139.6
S ‘ 66-155 94-160 92-153 115-165~
n=31 n=11 n=51 = 8
Tph Sp. aurofrenatum  144.9  172.4  157.7 155
. - 115-190 140-200 130-176
n=44 n=10 n=55 nz 1
Iph Sc. taeniopterus 134.1  "140.6 127.4 158.9
o 63-180 112-164 83-148 142-181
| n=44 n= 5 n= 8 n= 7
Tph Sc. taeniopterus 199.6  194.4 190.0  186.3
: . 161-240 176-208 176-220 175-206
n=186 n=13 n= 8 n= 7
Iph Sc. iserti 96.5 ND 99.0 ND
= | 44- 80 80-118 |
_ n=126 n= 2
Tph Sc. iserti 139.6  140.3  140.3  ND
T 123-180 136-145 137-145
Nn= 6 " n= 3 n= 3

'Measurements of 1live-trapped and released fish, or of fish -

collected in areas near sites M or B.
2Collections made in 1976-7.

] &
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Frequency distribution of Sp. aunofrenatum size
classes at sites M and B. Only actual measurements, and not
visual estimates were used,
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differed in.size from the res1dents, but my i

‘:]arger than transient Tph Sc. lseﬁtl,?and the1r Iength

145

‘

found ‘more fish at- the larger end of the spectrum, with the
range néarly as narrow as . at sites B and P. The status of a
Tph male at site B (i.e. resident, or transient/inthuder)
was independent of its size class'® (X2(2) = 2.65, ns). In
other words, intruder and resident Tph at site B did not
differ in size. Th1s was also true ‘at the cher sites. dhne§

'h
(in press) also found that residents and intruders of

- Pseudolabrus cel idotus were the same size. Clavi jo (1980b

and pers comm) did f1nd that 1ntrud1ng Tph Sp. aurofrenatum
d1m1n1shed progress1vely in stze af ter she repeatedly
removed all males from a 1350 m? area in Puerto Rico. While
some intruders there were smaller than the average resident,
these fish were not the first to turn up in a vacated
térritory. ,

At'site M, Tph Sc. taen:opﬁerus also ranged more widely
in s1ze when conpared to the barr1er reef sites (F1gure 16).

Too few intruder males were seen to test whether they

Sions were

that they did not.

My data for Sc. iserti are sparse, but th1s gpectiﬁé’

also appeared to vary more in size at s1te M (Table‘ZZY

Warner and Downs (1977) found that terr1tor1a1 ﬁa]gs werexllé

increased with depth.

'0 size classes: small < 150 mm SL, med1um§¢:$35 mm SL S

large > 165 mm SL. A _ o o
° f%*iif - ”-3 i
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Figure 16. Frequency distribution of Sc. taeniopterus size
classes at sites M, B, and P. Only actual measurements, and
not visual estimates were used. R

1.
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The control of sex reversal in scar1ds is poorly

.understood Sp aunofrenatum is monandr1c (Robertson and

Warner, 1978). and therefore all transit1onal f1sh were sex
_reversers Trans1t1onal f1sh were identified -as havxng
elements of both Iph and Tph colours The SoaPUS'species

‘s¢ud1ed are d1andr1c Pr1mary males make up 25 % of Sc

- iserti populat1ons (Warner>and Downs , 1977 Robertson and

Warner, ‘1978) but}OnlyVBv% of Sc. taeniopterus (Dub1n,_
1981).-Thus,transftional Scarus could be either sex
reversers, or Iph'males.changing into:Tphchlours.

I looked for transitional fish at all study areas in

‘order to determine‘Whether reversal or phase ohange‘

1. occurred seasonally,

2. was more "common Gt some s1tes than at others.

, 3; followed Tph male disappearance.

1 was able to determ1ne a rough)sequence of Tph colour

pattern development by watch1ng Known 1nd1v1duals r?verse

nover a period of several days. In Sc iserti and Sc.

taeniopterus Tph colours first developed on the snout,vand

)

N

'the edges of the dorsal,‘anal andvcaudal.f1ns (see Plates-2_

to 6 Bohlke and Chaplin, 1968; Randall, 1968; or Chaplin
and Scott 1972 for colour patterns) | '

The trans1t1onal pattern ‘of Sc. .iserti has been

ldescr1?ed (Randall and Randall 1963b Buckman and OQden,

'1973) TranS1t1onal Sc. lserti moved w1th groups of Iph
fish, some_of wh1ch engaged in grOUp spawn1ng (see also

*
s

=
¢

oo
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'iRandall and- Randall 1963b) They were least common at s1te
B, perhaps because ne1ther loose feed1ng assoc1at1ons l1ke
® those ‘at site M, nor ‘large group spawn1ng aggregattons like
'those at site P (Chapter 7) appeared there (Table 23).

In two days, a Sc taenlopte s at site B transformed

from a clearly recognlzable 1 v w1th Tph colours Just L

barely visible on theﬁsnout t5™ pale Tph. Tph colours
developed last on the sides, wh1ch were pale yellow beJow
and brown above They rema1ned fa1nt for - some t1me ) a s1te P.-
sc. taenlopterus transformed at the end of April, 1979, but ;’-
in July was still less br1ght than other Tph males. v
| Trans1t1onal Sc. taenloptenus fed and swam openly, but took
on an Iph l1ke str1ped pattern and arched submlss1vely when‘-
a Tph approached . Several were seen amidst the laﬁge feed1ng -
school of most 1y Iph flsh at s1te A

| Trans1ttonal Sp aurofrenatum were solltary and

secret1ve The1r transformatxon was rap1dly completed After'

‘a three week series of jnale removals an acryltc marKed Iph

flsh at site B developed Tph colours between August 1 and y‘h'“

August 4, 1977 On August 1, 1 not1ced that 1ts normally h
dark Iph eyes were reddlsh ~and 1t had developeJ the ptnk |
Tph strlpes at the corner of the mouth It was 1gnored by
.pa551ng Tph,, ‘and~displayed weaKly to. other Iph By the next
'day black t1ps appeared on its more and more lunate ta1l
hThat mornlng the black post opercular spot appeared as a
fa1nt smudge. It was clearly v1s1ble by afternoon The

transitional f1sh_chased other Iph, and d1splayed to a

TR . o 4 7

Co
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‘es1dent male in a long enCounter¢that included one,

. th to- mouth contact By August 4 th1s f1sh had all the
tv:Tph colours except@the yelloﬂ”post*opercular spot wh1ch -
‘_hdewelops last. It behaved very ;ecret1vely, hugg1ng close to
»j cor; l overhangs in its hab1tuaT Wange At one po1nt 1t fed

'; wwth the res1dent Tph, arched submlss1vely to 1t (sEe
Chapt.r 7), and d1splayed to Iph flsh The next ‘day- it had
dlsapp ared. perhaps chase§ away by the resldent Tph. The

fact that Iph fish were collected w1th trans1t1onal gonads

=1

1nd1cates that sex change precedes colour change.

Tran51t1onaﬁs were seen throughout the year. N1ne of 27

\»,‘trans1t1onal Sp. aurofrenatum (33 %), and ten of 23 Sc

A'taenlopteﬁus (43 %) were seen in Maréh Apr1l 1978. HoweVer
the data are 1nsuff1c1ent to determ1ne whether sex change
occurs on a seasonal bas1s, as 1n some temperate t -
‘hermaphrod1tes (Warner 1975a, Dipper and‘Pullln, 1979; |
dones,_1980) - . |

TR hypothes1zed that 1f sex reversal occurred as a .

result of male d1sappeac§30e, as it does in several labr1ds .

«(Labro:des dimldlatus Robertson. 1972 1973 Thalassoma

'btfaSCIatum:LWarner et al., 1995, Warner and Hoffman 1980a;
Bodianus PUfUS\\S G. Hoffman pers comm. ) ‘and the serran1d
fLAnthlas squamlplnnjs F1shelson, 1970 Shap1ro, 1977 1980,
if1981) then trans/t1onal Sp,ﬁaurofrenatum should be most
'wCOmmon at site. where TrRh turnOver was h1ghest " When
'numbers:of,trans1t1onalsQ§§he standard1zed to reflect the

vdensity'of Iphipopulations, th1s was true (Table 23) Since

s

149

st



150

most of them were in the ftrst stages of colour change when
s1ghted gnd g1ven th% rap1d1ty of the ent1re process,tmost
trans1t1onals probably arose from local Iph res1dents Sp.
aunofrenatum sex changers were more common at site B where
: remova] exper1ments were made than at site P

) In. August 1979, 1 removed all Tph Sp. aurofrenatum
from a patch reef in the San Blas Islands, Panama After 17
Idays no tranSItlonal f1sh had appeared although several Iph
with pale ta1ls, perhaps about to become transitional, were.
seep, and Iph moved more freely over the reef than they did
on an unman1pulated one. I.'E 'Clav1Jo (pers. comm.) found
no sex reversal after mass remova]s of Tph Sp aurofrenatum
1n Puerto R1co ‘a]though Iph f1sh deserted the area. | noted
the same phenomenon in Augusti 1977, after a three- week
series of male removals‘at s1te B. The trans1ent Iph
described above conta1ned some sex*transformers Large Iph
'females may leave the1r home ranges when Tph males are
i.absent and transform 1nto males later.

In Sc taenropterus there 1s some ev1dence for soc1a1
control of sex reversal Tran51t1onals were most oommon at
site M where there was unc1a1med space Nineteen daysyafter at"
Tph Sc.’ taeniopterus d1sappeared at site B (#4, Flgure 18), R
two f1sh in the process of chang1ng from Iph to Tph bo]ours‘
(#13 #14) were seen in h1s former terr1tory Rarts of his
: terr1tory had a]ready been ola1med by other fish (#12 #17).
Both trans1t1onals were ree@nt unt1] ear]y May when one

disappeared (#14). He—returned a week later and
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Table 23. Number of transitional (i.ei changing from Iph' to

- -~ Tph colours) fish seen at each study area during 1978-9, and

. # number per Iph fish per 1000 hours of observatjen.

T

" site M  Site B. Site P
sc. iserti: - S
“Number o8 i 5 7
~ Number /Iph/1000 hours 0.73 081  0.88 -
' Sc. taeniopterus: . - | |
Number = - L[ 9 4 |
Number /1ph/ 1000 hours 4.3 2.3 . 3.3
Sp. aurofrenatum: o L | -
Number o 9 - IRl 7

Number /1ph/ 1000 hours 7.0 6.5 3.8

. -
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reestab11shed h1mse1f The other new Tph d1sappeared in
early June and was qu1cK1y rep]aced by an 1ntruden_ma1e
Eight of the other transitional Sc. taeniopterus (35 %) were
seen in areas that had been empty for somebttme'(at site M)
or from which a Tph had retracted his térritory, |

-Fiéh-trahsfqrhing withinbother males’ territories were
seen {n all three spécfes, and. have been,reported“for SC. |
‘fsenti?in Panama (Buckman and ngen,‘1973)..0nefkhown Iph
Sc. iserti transformed and remained in the samefplace.at
site B. Transformation in this species takes 10 days .
(Robertson and Warner, i978):

~Sex and phagé change in'fhe three pafrotfish Speciés’
observed here is not tighfly cdntrolied by social factors.
It occurs over -a w1der s1ze range in Sp aurof renatum than
in the Scarus spec1es, as Rdbertson and Warner (1978)
reported (compare Figures 15 and 16).. The trans1t1onalv5p.
éUFdfPenatum measured or cbllepted ranged'fn size from 115
'Jto.153 mm SL (n = 9) Sc. taeniopterus transitionals ' . \
measured 150 to 170 mm SL (n = 5). The one transitional Sc.
iserti measured‘was 104.5 mm SL, in agreément'with Warner
and Downs’ (1977) transformation range of 95 to 105 .

Age or size may determine when prbtogyhous

*:hermaphrod1tes transform (Warner, 1975a, 1975b Warner and

‘Downs, 1977 “Jones, 1980) The Scarus spec1es may change sex
over a narrower size range than Sp. aurofrenatum. However,
Bruce (1980)‘reported dwarf sexually active Sc. psittacus on

the inshore grass f1af§ at Aldabra Atoll. Clear1y ﬁE§§ing1e
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factor: seX.\age;'Or'socialioonditions, canvekplain the =
controt‘of sex reversal in this diverse group of fish.
E. Summary and discussion

The populat1on processes were different at sxte M than

elsewﬁpre part1cu1ar1y for Sp. aurofnenatum Despite - stab]e
adu1tkbopu1at1on number s (Table 7), Tph individuals turned
'over rapidly there. Iph and Tph Sc. iserti andwSc.
taeniopterus rema1ned only temporar11y at s1te M, although
some Tph rema1ned for up to a year. There were fewer
transient and intruoer males at site M (Figure 14), and
vacated~Tph‘territories‘were not immediately refilled as at
sites ‘B and P. Sh1ft1ng of position, both w1th1n and of f the \
yarea occurned mos t often at site M. Although s1te A was
nnn1tored for.only two~months, the information ava1lable‘on \
‘space use patterns {see next chapter), and the Jack of
'1nd1v1dual turnover 1n that time per1od indtcated that.it
’resemb]ed sites B and P, with permanent res1dents and many
intruders. Compet1t1on for space among Tph ma]es was k
greatest at the offshore sites. Clear]y s1te M was not a
preferred env1ronment for Tph individudls, as 1t would have
been if abundant food were a pr1manx determ1nant of hab1tat
‘quality (see Chapter 3)j | | >
The information on sizes also sets site M apart from
" the others. Iph and Tph fish all ranged into smaller size
c1a§bes‘there (Tabte 22, Figuree 15~and'T6)» Given that

. morta11ty rates Qéd not d1ffer among study s1tes, this could

A

o,
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have been brought about in three ways !

1. Iph fish could have been depr1ved of food,
-2.. Iph fish could have been chang1ng sex at smaller s1zes.-*
Iph f1sh could hav!l!een desert1ng s1te M when they

reached larger s1zes
Certa1n ev1dence maKes the f1rst p0531b1l1ty unltkely Food,
‘as measured on settlement plates, was more abundant at 51te

M than elsewhere (Chapter 3).. Also, growth rates of’ Tph Sp

| aurofﬁenatum at site M were high. Three f1sh-(one in.each

size class) remeasured after 35 to 82. days, had grown 5. 87

. mm per month on average (S.D. = 1.41). Randall (1961b)

recorded. growth rates of 3.5 to 20 mm per month in tagged
adult parrotftsh 1nhab1t1ng sea grass Eeds in the V1rg1n
Islands. At s1te B the growth rate of Bix Tph males

remeasured after five to e1ght months was’ s1gn1f1cantly

' lower 0.69 mm per month (S.D. = 0. 38 Mann Wh1tney u test

Uf; 0 P < 0. 025) F1nally, the ovartes of many f1sh

collected at site M had large yo lk- f1lled ‘oocytes (Warner,

'1975a) wh1ch would not be expected in food- depr1ved fish

(Bruce, 1980 .

There were 1nd1cat1ons that site M Iph fish were
otransform1ng into Tph at smaller 51zes (po1nt two, above).
Some Tph ‘males were smaller in all three species at site M
than elsewhere (Table 22, thures 15 and 16). lhe,smallest
trans1ttonal Sp. aurofrenatum seen (ca 110 mm SL) was at
site M. More tran51t1onals were seen there per capita in two

species (Table 23).
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It is likely that some Iph fish did leave site M.
VRecruitmént Of smell'lph Sc. taeniopterus to sife B has been
described. (Chapter 4). The lack of juvenile Scarus at sites
B .and P meant that Iph Scarus necessarily came from
elsewhere Transient Iph Sp. aurofrenatum were seeh moving

~ between the offshore barr1er reef and s1te M and Sc. |
:taeniopterus regularly commuted between reefs (Dubin and
.Baker, 1981), so migrations of Iph from inshore. to offshore
areas were poss1ble “Some of the large trans1ent Iph Sp

- aurofrenatum, and the wandering ScC. iserti and Sc.
taenlopterus groups may have or1g1nated in: 1nshore areas.

Tph males of all three spec1es ranged more ‘widely in
size at site M than elsewhere. The smal)er Tph probably
_eventually'enlisted in thefpooa of transient'intrudere
also temporary

residents at‘site M, and ot}en in poor physical condition,

" offshore. The larger Tph Sp. aurofrenatum

could have been fish who had lost their territories
eTsewhere: The same could be said for the larger/gc, isert
and Sc. taenlopterus, although some of these were ong- term
residents. | | | | _
A‘synthesis of this ihformation allows conetru tion Pf

a hypothet1ca1 11fe h1story sequence for these species.

- Scarus Juven1les recru1t pr1mar1ly to inshore areas (Cé;pter‘

4), and eventua]ly.m1graté offshore to‘§o1n-large_feed1ng
aggregations or loose wahdering assooiations\ Iph fema]es

‘may join harems, Iph ma les probably do not. Qf&er sex and/or
‘ é}

af
colour change, a Tph male may "inheritf paréabf his former
: 24; ey T
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.
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range, or become an intrUder until a space becomes
avaiiable. Having acduired»a territory, the Tph male remains
there until he dies, isfortven'off into inshore areas, or is§
forced to become an intruder once again. ’
The situation for Sp. aurofrenatum is similar.
duven11es recruit at all sites, and;may stay'oh at maturity.
Offshore populations may be augmented‘by the’arriva] of Iph

adults from inshore. Large Iph in the process of sexual

'transformat1on, ‘and’ other females m1grating for spawn1ng

purposes becomeltrans1ents. Other Iph may transform within

their home~ranges, to become intruder Tph. At the loss of a

Tph resident, some Iph's may desert and become transients

wh1le an 1ntruder Tph rapxd]y takes the former male’s place.

Clavijo (1980b) suggested a s1m1lar sequence for “sp.

aurofrenatum in Puerto Rico. Males who lose their

territories, along with those too small to compete

- successfully for one, end up in 1ess preferred inshore

areas. 'Most~ma1es remain there Only temporarily before
Jo1n1ng or rejoining the queue of intruders offshore.
In summary, competition for space at the offshore sites
is heavy, and: fish. that obtain space there,remain.relativelyv
penmanentiy. A population of "surplus” intruder‘males
exists, prepared to take over vacated space immediately. In
Sc. taeniopterus, intruders are most abundant-at sites A and
B:;. in Sp. aurofr-enatum at sites»B and P. Transient Iph fish
are also more common at the offshore s1tes Their status as

ripe feﬁales or sex reversers, requires further
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"by protogynous hermaphrod1tlsm and dual male origins, but

"y | 157

ihvestigation. The faétoré controlling sex reversal remain

~ to be clar1f1ed, although a social component may act in some

spec1es Size alone does not account for sex reversal in Sp.

aunofnenatum
)

The life hlstory of. parrotf1sh is conpl1cated not only’

also by the existence d$\severa1 behavxoural categories .
'ql

within each sexuar type. On%ygcont1nued detailed behav1oura]

) N
'stud1es, comb1ned with extensiWe collection and improved
! aging techniques (e.g. Thompson\and Cont1n, 1980), will add

more details to the life h1story sequence proposed here.



VII. Parrotfish social behaviour: use of space and time -
Analys1s of a speCIes‘ use of space allows characterwzat1on
of its social system When spat1a1 ut1l1zatlon patterns are
jmcompared over a range. of habltat types, it is poss1ble to
determine what ecological factors affect them. L1Kew1se, the .
vway an animal allocates its time to different activities can.
illuminate bothlthe animal’s priorities (e.g. feeding, -
reproducing),. and its behavioural responses to varying
environmental conditions. Interactions are of particular
interest because they are responsibte for maintenance of
~social structures. When information of this sort is gathered
- for several COhabiting species, their adaptations for

sharing resources such as space and food can be uncovered.

A. Behav1oura1 repertoire
A brief description of the behav1oura1 reperto1re of
;parrotf1sh is presented here with differences between
species noted. I d1st1ngu1shed seven maJor categories of
behavtour.A s
§wimmjng' |
T Parrotfﬁsh normally'swam by flepping their pectoral
fins. Swimming ooold have had numerous functions such as
forag1ng patroll1ng, or displaying the f1sh’s presence, but
these were 1ndec1pherab1e because the movement pattern was
identical in each case. 1 d1st1ngu1shed h1gh swimming, i.e.
mov1ng through the water at least 2 m from ‘the tops of the
coral, from the more common low sw1mm1ng Tph males, when
158




fﬁBoth Iph and Tph occas1onal]y swam high in the Watér Whe *3

flaps w1th gl1d1ng High sw1mming Sc. taenf%ptgéHS~o$%£ﬁ’§gw

developed de11cate mauve margins on their latﬁral scaJes g ‘f

feeding on p]ankton or suspended matter (Barlew, 1975 | j&.. L

Robertsonfe; al. 1976) S o .

v LS

During: aggress1ve encounters. and occaSIOnale whenx
startled, fish swam rapldly by flex1ng the tall I counted'“

such rapid sw1nm1ng as aggressive behaviour (see be low) when

it occurred dur1ng an interaction, but if I was unable to

locate a partner, I classed 1t as miscellaneous behav1our
Feeding |

When feeding: Sp. aqrofrenatuh oriented its'head'toward -
the substrate, sfepped moving several cm from the object,
and then moved forward and grasped or grazed it with .a ”
powerful bite, often tw1st1ng its body. The fish would bite,
wi thdraw, bite aga1n and so on. 1 did not count foraging,
i.e. wsw1mming from one food source to the next as feeding.
Both Iph and Tph Sp. aurofrenatum could take on a str1ped
pattern when feeding or stressed (Bar low, 1975). Scarus
species ori ted head-down when grazing on hor1zontal
objects, anZQhead-up on vertical ones. They d1d not move
back and forth, and kept their mouths close to Fhe‘%ubstrate
while gently scraping it in rapid bursts. Detailed ana]ysess
of feeding were made separately from activity budget

measurements as descr1bed in Chapter%%
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Any time the fish did not move forward, was in view,
and was not\b>eing cleaned (see below) or@nteracting with
another fish, 1t% behaviour was classed as sitttng Fish sat
suspended in the ﬁcter or lean& against objects on the
bottom; Sp. aurofrenatum often sat motionless _{i‘_n between the
back and fogpth feeding bouts descr ibed abo've(..' }particular'ly
when feeding \amidst staghorn coral thickets. Parrotfish did
not often sit amon;; gorgoni’an fronds’; which they ;pp'arently
do elsewhere (Barlow, 1975; Thresher, 1877b). |
Parrotf1sh wer}\attacked by damself1sh primar1ly E.
planifrons, when swumnng by opne’'s terri tory. feeding within
it, or); approaching 1t head down 1n a feeding pos1 tion. The
da.mselfish would advance upon and sometimes mp the
parrotflsh " which would tw1st or dart away qu1ckly, or back

r o

off s’low]y
L Mi§£§]l§nﬂ!§ pehaviour

; "’ . * A number of actnﬁtles occurred too rarely to be
v',";artalysed separately, alth6ugh I recorded them in detall
: »during sanphng ‘These mcluded |
” 1 "Extendmg the median fins; fin erection was part of.
w ‘aggresswe mteractlons but was classed as
; m1sce]]aneous behaviour when no other fish was in sight
; and when it did not precede or follow other aggres$ive

‘ behav1our (see below) .

2 Tmtchmg the body, th1s of ten occurred as the f1sh
- R

~
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"swam Occasionally Fish would shuver Randall and =
Randall (1963) reported similar behav1our in sexually

. act1ve Iph male Sp rubriplnne

~Rubbing aga1nst objects all parrotf1sh occasionally
.}veered towards benth1c obJects and rubbed the1r heads or ;
'51des aga1nst them 1n pa551ng Before sunset Sc..
taenfcwtemus rubbed against the.gorgor1an, ‘Plexaura.
edwandbl perhapS*in resbehee'tO'light-debendent
‘;act1vat1on of . 1ts mucous gland (Dubin and Baker, 1981)
4. r$1tt1ng under cover th1s was most common in Sp. |
’aurofrenatum but all parrotf1sh occas1onally moved -

under/coral overhangs Yo ) that 1 could not always see |

~what tbey d’p s
5. _Clean1ng, f1sh would swim up to a goby clean1ng station
: and solicit by hold1ng a hbr1zontal or head-up pos1t1on
w1th the f1ns ‘extended and the mouth often open (see |
Plate 6; Eibl- E1besFe1dt° 1955 Feder 1966 Losey,
1971) Others leaned against the coral head wh11e a goby

T .-

or shrimp scuttled over ‘them. Sunet1mes Sp aurofrenatum

hrolled completely oveP on 1ts s1de ‘as a shr1mp cleaned "
1t The SCaFus species rested on the1r be111es during
clean1ng by shr1mp Rarely f1sh would ‘start v1olent1y,
dart away, or chase some small fish wh11e at a goby

| stat1on They had perhaps been attacked by the wrasse
blenny, Hemfemblemahla simulus.ea c]eaner fish mimic
(Randall and Randa]], 1960). :

;6.'WRap)d swxmmlng, as described>above.. l



7. Unknown or out of sight; this-occurred when a fish’was d.
momentar1ly lost from s1ght dur1ng behaviour record1ng ‘
tandglﬁcould not locate it

InteraétionsVwere\classed as submissive or adgressive.

‘Submission occurred’rare]y butvwas relati?ely stereotyped '

- among the -different spec1es A'subordinate fish compressed .

1ts med1an f1ns, arched s1deways with 1ts body concave to \

the dom1nant ftsh and st1ffly swam off parallel to the

~'other Somet1mes a flSh arched with its body d%regtly across ,d

- the path of the dommant (see Plate’5), gv;nowgantfpb Sc. n_{;.

isentf "greeted (Buckman and Ogden, 1%{3) the1r Tph 1n the
early’ monntng byvarchlng nepeatedly 1n_front of themrw1th

Ftheir'peluic fins'eXtended‘ Mosttdominant fish appeared to

r1gnore the archtng fish. “ R o

e Aggress1on var1ed in 1ntens1ty Low 1ntens1ty

1nterébt1ons 1ncluded supplant1ng and following behind -

x;;another~f1sh Tph or large Iph performed these towards _

f%smalf@r Iph.- Ebllow1ng of trans1ant Iph Sp. auré*renatum by \1“

Iph and Tph res1gents was descr1bed in Chapter 6. One fish

‘sw1mm1ng or feed1ng near another would occas1onally turn -

wtowards and rap1dly approach the other. I called th1s

| :nipp1ng, although actual contact rarely occurred because the

.-second f1sh 1nvar1ably moved out of the way N1 p1ng

‘ ocdbrred over short dlstances and resulted in only minor

v displacement of the recetver, so 1t was’ cons1dered a low
“level agqressive activ1ty Tph of all three specids would

S St I .
} e ’ .}"’ oL R

> S



=N ‘

“:aggressfve act1v1ty

e
.H‘
.y . t‘_u .
»»J““ o '

t1lt to one s1de and approach an Iph f1sh wh1ch wouid mogp

“pas1de T11t1ng appeared to" be a low 1nten51ty 1ntent1on
funvement.¢as were weak d15p1ays, i.e. part1y extendlng the
~~median fins. F1na11y, ifa f1sh was. arched to by another,oI

,ficons1dered that the f1rst had performed a 1ow 1ntens1ty '

T
5

H1gh agdress1on act1V1t1es 1nc1uded f1n erect1on and

‘ta14§tands (W1nn and Bardach 1960 Randal] and: Randall

o

fx1963 BarTow, 1975) chas1nq parallel ‘swimming and mouth to

nouth contact or d1splays The s1mp1est 1nteract1on5'

a;consisted of.a Tph f1sh rap1d1y cha51ng an 1ntruder out of
- ‘h1s terr1tory (Plate 2) 'Chases that occurred ‘along
terr1tory boundarxes oftén brought the ne1ghbour Tph over to

"Jo1n 1n,_and the 1ntruder was expelled over a 1ong d1stance

The fleeing f1sh—swam w1th h1s med1an f1ns compressed

Interact1ons of longer durat1on 1hc1uded erect1on of the

fned1an f1ns and t11t1ng upwards 1n a. ta1lstand (see Plate
: 5). Sp.‘aurofrenatum occasionally leaned on the bottom why]e

' g'tanstandmg‘ Two Fish would, tailstand side by side,

Jalternately erect1ng thelr fins and turn1ng to bite the :
bottom v1olent1y Tph SC taeniopterus upper s1des turned a

dark purple and the1r 51de patch ‘an 1ntense yel low dur1ng

aggressiye,d1splays. The yellow head patch of Tph Sc iserti '

'~ also intensified‘(Barlow, 1975). In para]lel swimming two"

fish $wam“baCKAand forth, slde by side a]ong a terr1tory

S boundary Mouth to mouth d1sp1ays occurred when two fish

‘,faced each other and opened their mouths These were seen-

%
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| descrlbed lBucKmancand'nge('

very rarely in Sc taenioptenus and Sc fsérti but

[+
occas1onally in Sparisoma Intruder Tph Sp. aurofrenatum
“flght1ng over a Vacated terr1tory would grapple w1th the1r
mouths and both push forward rise in ihe water 3 to 4 m,

release each other,,sw1m rap]dly‘to“the bottomgand_grapple»

' again. I never saw such intense aggression between

i

Cestablished residents. s

All of these*behavwours were performed by Iph f1sh as . -
well. The aggress1vewbehav1our f yellowf1n Iph has been
n;le73 Rdbertson et al., 1976).

' fThese could'vary'the'intensity_of the yellow pelv1c f1ns and -
< . .

‘a1t gid thi

rfields or'

possessed two lines of brown 'stitching” along the belly_

‘which could aﬁso fade or darken

<@

2R ing was not 1nVar1abl an” aggress1ve d1splay,

"“-aggregatlons (Sp. VlFlde, $C; lsertl,‘Scf
taeniopterué)r‘ould tailstand before moving on Parrotfish
sunset, perhaps to enhance the1r’visual -
dsure chang1ng l1ght levels (Dub1n and BakKer,
1981). I did/ not see ‘any such ta1lstands dur1ng§normal
act1v1ty buduet sampl1ng ' | \ ;
p Tph Sp -'Pofrenatum performed a unique d1splay wh1ch I
called swoop1ng, hen a ne1ghbour1ng male violated the1r
borders and d1d not retreat when the res1dent approached

Two broad red str1pes appeared on the res1dent’s body, one»’

~"along the m1dllne, the other on the belly, and he swam

WB -

-

rapidly back and forth before the 1ntruder in.a s1nuso1dal

manner,-median,fins compressed. This dlsplay was
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| s1tuation SC taeniopterus would blanch along the dorsal

»
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. part1cularly common in newly arr1ved Tph. In the same

N

fine and m1dl1ne before qttack1ng

‘ Bse_ggugtign

Court1ng and spawn1ng have been well descr1bed in these

spe01es-(W1nn and Bardach, 1960 Randall and Randall 1963;

_4Buckman§and Ogden, 1873; Barlow, 1975; Warner and Downs,-'

1977;,R0bertson and_Warner,,1978;~Dub1n, 1981). Except in .

¢

Sc. iserti, it normally occurred outstde the time period of

activity budget sampling. Sp. aurofrenatum spawned late in

jthe afternoon,,Sc, lserti around mid- day, and Sc.

taenioptenus early in the mdﬁi1ng (see Table 33) Court1ng

Tgh males coursed rap1dly around the1r terr1tor1es us1ng

. pectoral f1n flaps, with the tail and med1an f1ns
, %
“compressed Bob,sw1mm1ng (Barlow 1975) was commgh Tph Sp

LS

, % ,
,aurofrenatum showedvdark smudges behind the eyes. when .

"3

fcourt1ng Fem&]e parrotflsh sol1c1ted (Thresher, 1979a5 by *

hovering several m from the bottom andﬁﬁge ma]e approgphed \\f

and “"quivered" above them (Robertson and Hoffman, 1977) . 'f?'
Pa1r spawning cons1sted of a rapid dart upwards, release of - 3
gametes at the apex, and a rap1d return to the bottom ‘5’;
Predatmn on spawners or. the1r eggs was not seen Group : %‘
spawning was observeg only in Sc. isertl, and was" typ1ca1 of
,'preV$ous descriptions (Randa11 andvRanda11, 1963; Barlow;
| 7975; .Colin, 1978). |
Parrotf1sh lacK parenta] care or social groups. bonded . -

by am1cable 1nteract1ons and as a result the1r behav}oural

N
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reeertotbe isthnbe limited than in dthen.gfoupst(e.g. o ﬁkﬁ ;
"Bér10w, 1967"Myrbehg; 1973 Keenleyside, 1979).‘HoweVer, my
descr1pt1ons scarcely do eN‘/nt to the mu1t1tude of rap1d
\go]our changes wh1ch parrotf1sh can produce A rich f1e1d of
‘ enqu1ry exists in the 1nterpretat1on of v1sua1 s1gnalﬁ*and

commgn1cat1on on coral reefs

B. Use of Space-gbverail patterns. : S
In th1s sect1on the overall patterns of . Spacef “

,ut1ﬁ12at1on are descr1bed w1th the a!m oi aracter1z1ng

each species’ soc1a] system detﬁgflf kat1ons in the

system %rom site to s1te, and th-;fﬁ’kf f 1nte§%pec1f1c‘
exe;,lusn«eness in 1w ,/,1scuss three |
parameters of ovg . ace: ut111zat1on .

1. 'packing, t ; " to which terr1tqries‘form»a

" contiguous ‘ 'br aré isotatederom~others;
2.'§peémanenqe;fthe éonsietency ef boundaries from"samp]e to
: sampte over both shert'(24-72 hours) and long (6 months)
periods of time; - -Q"q;ﬁg | o
3. exc]us1veness. the amemng of over lap between Iph and T;H
conspec1f1cs andqutween dlfferent spectes

I will also discuss home range or terr1tory s1ze, and wh1ch

9. ﬁtgggtors e. g food. supp]y, fish a£t1v1ty budget s1ze or

duration of cupancy) might affect it, - Tt
o In origzi}o ana]yse space use patterns, I‘geperatéd )

‘ territory magﬁqfor each species, site and'sampling”period&in
'trane.fqggl_owtng.w%y; ‘A ‘ea'anng "periéd was the't_hr,,ee“‘_t‘o‘ten 3

-, P

. -y
. r‘u’\ . s i
Ve
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day (somet1mes longer) 1nteryal over which .all res1dents at‘

a s1te‘were mapped Samples cons1sted of the pos1t1on and

behaviour of a fish, marked down at f1ve second intervals
(see Chapter 2) After each day s sampl1ng, the boundary

enclosing all the fish's pos1t1ons was drawn by hand on a:
e

. scale map of the study grid, and the locat]onsiof any -
. ’ o . o ‘ € n
: ninteractions were noted. When samples were completed the

total terr1tory was outl1ned by tracing the outermost

perimeter of the compos1te samples’ (see Figure 17) Thus the'
per1meter drawn encl.sed 100 % of the fish's pos1t1ons, and

the boundar1es were exact Th1s method avo1ds arb1trary

- :I

dec1s1ons to count certa1n locatTons as excurs1ons , to‘

e
exclude certaln po1nts based n the d1stance from a centre

of act1v1ty, or’ to generate ﬁypothet1cal boundarles based on

minimum or convex polygons (éﬁr. Mgchener 1979; Ewald et

al., 1980; Larson 1980b) While such methods are valuable,
they were 1nappropr1ate for parrotf1sh wh1ch were both o
contm%usly v1s1ble, and lackmg any co$r centre of
activity (pg 203), |

» In addition :to the:hahd-draWn maps, I generated

computer maps (Appendlx 2, F1gures 22, 23).. Each 30 m2

- quadrat on my scale maps was d1v1ded 1nto sty 5 -m?2.

‘;subquadrats,_and the number of each behav1our,occurrlng

there during a'particular'sample was recorded. A composite |

| map‘was producedion the computer by placing the lndividual’s

number in that positiog'cn the mapu>0verlapsﬁappeared as

numbers placed above or beside another on the page. I mapped

I

%é
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pos1t1ons based on presence alone (regardless of act1v1ty,'

,Appende 2), and also spec1flc act1v1t1es, e. g aggress1ve.

interactions, as well. Computer maps. w%re drawn only for the

X 1978 9 data,'as the earlier samples had been coded .

d1fferently Ne1ther hand drawn nor computer- generated maps

| accounted for the percent of time spent in a quadrat This

..\‘. v
~ 1 '1 .‘
;.

is consiidered below. Wl

Packing =

The hand drawn maps of Tph males boundar1es show
clearly that 1 was %eallng with terr1tor1es, i:e. defended
areas (Brown and Orians,’ 1970, W1lson, 1975) . Aggress1ve
1ﬁte¥act1ons almost always took place near the l1m1ts of the
f1sh’s movements (Sp.. aurofrenatum F1gure 17 Sc.

taeniopterus: F\gure 18 ‘Sc. Isertf Flgure 19, Table 29) ..

B Maps for s1te M and B,only are shown Computer maps for

.

s1tes A and P, which resembled those at site B, ‘are found in

‘ Append1x 2. S1nce terr1tor1al1;:éwai/99( clear- cut in Iph .
fish their areas are termed h ranges for the purposes of'

this d1scuss1on

There were clear dlfferences in pacK1ng between site M

on the one hand, and sites A, B and P on the other. Tph

A

' males at s1te M showed much looser pacK1ng of space than

&'

elsewhere At the offshore sites contiguous terr1tor1es

formed a mosaic; 1nshore, large amounts of space went empty

and’ some terr1tor1es were 1solated 1 estlmated the amount
of pack1ng by Tph males on computer maps by count1ng the

number of subquadrats used. by one or more f1sh ‘and
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' -expressihg.these as a percehtage of the total subquadrats’in
a study area'(TabTe 24)-'Tph males of all three species usedd

‘Jess than '60% of the ava11able space at site M. Elsewhere

80%. or more was C~'~' d These d\fferences were not due to :

i'ervat1on time at the s1tes- each

individuat was observed on two (sometfmes one or three

_ occas1ons) and for approx1mate1y the same amount of t1me at -

alt sites. o '
”Sites with the'highesf %ntruSioh'rafes (Figure 14)‘had'
the tighest packing: site‘A for Sc.‘taeniopterus, site P for
EK. A]fhough SC 'isertl'intruders were not

;ed group spawnlng (and thus probably 1ntrud§rs, see

me-““
o "“?\"

s Warner and%Hoffman, 1980b) was most common at s1te P where‘

packrng was. t1ghtest High intrusion rates m1ght cause

’ oqff?%t1on of terr1tory boundar1es and thus closer pack1ng
~ Myees et al. 1979) but the relation is not a simple one.

Both tightly packed territories and h1

resu]t from res1d§qts and 1ntruder

"good qua]1ty de.g. Ewald et al., 1980).'$ynchronous arrival

could‘cause tighter'territory backing (Khapton'and- .
Krebs, 1974) -but this was unlikely to have occurred at any
of the sites. My weekly surveys showed that 1nd1v1dua]s

disappeared and were replaced one at ‘a t1me, ‘and even local

fishing oatferns»were‘nof int;zsive ehough to-denude a 1500

m2kareacof Tph males complete in one s1tt1ng
| Pack1ng by Iph fish could not be est1mated as I

surveyed only subsections of the gr1d, However it was

ion rates may .

attractiOh_to areas of

e
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Figure 17. Territory boundaries of Tph Sp. aurofrenatum at
sites M and B in 1978-9. Ihdividuals are indicated by
?olou?s and numbers. The top of each grid points offshore.
west). : : .
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Figure 18. Territory boundaries of Tph Sc. taeniopterus at
sites M and B in 1978-9. Individuals are indicated by

. o]ougs and numbers. The top of each grid points offshore
lwest). : ’ .

™
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Territory boundaries of Tph Sc. isert/ at sites M

Figure 19.
78-9. Only a portion of the study grid was

and B in~19
Individuals are indicated by colours and numbers .
oints offshore (west).

mapped .
The top of each grid p

s




Table 24. The percent.  of each study area used by Tph of cach
parrotfish species (% usage), and the average overlap 1ndex

(100 X no. of subquadrats shared/no. of samples/% usage)
Data taken from computer maps (Appendix 2) .

.
L

3 ) I "
Site M Site A site B Site P
Sp. aurofrenatum: - “
Mean % usage 56 g6 893 ~_94QQ-
Overlap index . 7.7 2.0 2.5 ol
Sc. taeniopterus: ..
Mean ¥ usage. 49 92 79 9
Overlap index 2.1 2.6 2.7 .19
Sc. isertit: ' - et
Mean % usage 41 ND 85 -~ 95
Overlap index IS.Q,‘ h 3.7 4.3
' Total based on a subsection of study area.
..,
4»;“
U‘,
(,.):_' .
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probably similar to Tph packing. Home range maps of Iph fish
at site M (Appendtx 2, Figures 24 to 26) showed expanses of

empty space ~where 1 saw no Iph during the'sUrvey Of fshore,

the home range boundaries of Iph corresponded to those of

Tph (see below), SO’ large Sﬂpty spaces were unlikely.
E!Emﬂnﬂﬂﬁﬁ

fa qualit%tively assess the permanence of space use

patterns over long periods of téme (6 months), I 1nspected

both hand- drawn (Figures 17 to 19) and computer maps
(Appendix 2). Short-term (24 to 72 hours) changes in

- s

individuals’ boundaries were 1nvest1gated in the same way 1

could not measure long term changes for f1sh at- s1te A, or-

for Iph, as they were observed in only one sample period

However , the analyses of spat1al distributions (Chapter 4) -

showed that d1str1but1on patterns of populatlons (primarily

Iph), did not vary from month to month

The boundaries at the oFfshore S1tes were stable for

Sp. aurofrenatum and Sc. taenlopterus wi th only sl1ght .

adJustments in their pos1t1ons over time (F1gures 17,

18‘)

an
Disappearance of an 1nd1v1dual occas1onally resulted in

suRdivision of his former terrttory by newcomers and -

neighbours as described in the previouﬁ%zhapter, but more

often did not, and the newcomer’s boundaries were almost

ideﬁtical to his predeceséor’s“lhe situation for SE.

was less clear cut as indiv1duals renmi for shorter

A

periods of time The one male (#7) who had remained at

isert i
v

site

B shifted slightly in six months {Figure 19l ¢Df the two

@f I

"



1nd1v1duals rema1n1ng at s1te P one he]d identical
boundar1es and the other shifted 1nto a d1fferent terr1tody
(Append1x~2) The greater- var1at1on in boundar1es of. Tph Sc
lsentl can be attr1buted to thelr more rap1d turnover‘
Boundar1es 1nshore at site M were not permanent; and
utheir positiong within the study grid changed radically
between study periods;’particularly in Sp. aurofrenatum
where a comp)ete changeover of individuais had océUrred
‘(Figure 17), and in Sc. lsertl as well (Figure 19) Those
Sc. taenlopterus that rema1ned at site M d1d not Sh]ft
much although one (#9) expanded and subsequent1y moved
: southwest off the area (F1gure 18) . .
There was 11ttle evidence that parﬂqcular areas at site
"M were cons1stent1y avo1ded by Tph a]though some. were used
more often than others (see prev1ous chapter) A 300 m?
section of finger coratl wh1ch adJo1ned a rubble f1e1d was
not expr\xfed by Sp aurofrenatum A section of rubb]e in
the central part of the s1te was not used by Tph Sc |
taenlopterus a]though other similar sections were. SC.
iserti was observed only in the inshore half the gr1d but
did not avoid any‘zone Terr1tory maps made in 1976 -7
‘confirmed this fact terr1torggs shifted. extens1ve1y but
- without pattern over time. ' '-. ‘
Short—term sh1fts tn_bOUndariesAwere also more
‘extensive at site’M (Figure 20). At the offshore sites, the

boundaries transcribed after each sample were never

identical,\but they were poncénbric and similar in shapeg At 2
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Figure 20. Short-term changes in boundaries of Tph

movements. Solid and dashed lines are boundaries/for same

individuals measured 24. to 96 'hours apart at sifes M and B.

A)Sp. aurofrenatum; B)Sc. ‘taeniopterus; C) Sc. J/iserti. The

~ind®¥idual’s identification number is ‘'shown. o
- .

SITE B

t3
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.

site M, both the shape and~geometric'cenffe changed.

Territories at site M were'Spetiotempora] QWilsbnn‘1975),

i.e; they shifted from day to day although slight overlaps

remained. Sc. taenibptenus varied less between sites in this
respect than Sp. aurofnenatum or Sc iserti.

Iph f1sh showed few différences between sites. in

/!

boundary permanence, although interpreting results was

difficult because of the small humbers of individually

'reeoqpizable Fish.-At site M, both shifting and fixed\home‘

}anges were seen in all three species (Figure 21). Sp

aurofrenatum shifted less than the other species at all

sites. The same was true offéhone;‘lph individuals did not

use identical areas each time although they remained in the

'S

- same general area.

Exclusiveness
The analyeis of overlap between 1ndividualslallows
characterization of their social system. I wi]l‘firet
discuss intra-phase and inter-phase errlaps of conSpecifics
and then will conS1der 1nterspec1f1c over laps. v \
| Tph Sp. aunofnenatum and Sc. taenfoptenus used their

space exclusively w1th two except1ons Sp. aurofnenatUWIat

_site M, and transforming SC. taenloptenus at all sites.

These cases are discussed be] . Sc. iserti allowed over]ap

at all s1tes, and males that were clearly resident tolerated
transients or neighbours inside their beundaries (Figure
19) . Territory compression during spawning was noted in this

specieseby Bar low (1975}, élthough territorial Tph in
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Figure 21. Short-term changes”)in, boundaries of Iph. Solid
and. dashed lines are boundaries for same individual measured
24 'to 192 .hours apart at sites M, B or P. A) Sp.
aurofrenatum; B) Sc. taeniopterus; C) Sc. 'iserti. The ‘
individual’s identification number is shown,

-
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Panama apparently are always aggress1ve to Tph intruders .
.’(Robertson et al. 1976) My data were 1nsufﬁ1c1ent ‘to test

4 whether«Tph Sc. iserti were more exclusive when>spawn1ng,

but this seems pcss1b1e Tph Sc. Isertl were prone to leave .

-their areas and swim of f 1n a-directed fash1on (see F1gure*
19). These ™ excurs1ons occurred at all s1tes, but’ were
_especially common at site M. There, where pack1ng was
looser, fish could have been moving”betweeﬁ several ‘
diseonnected sections of a home range. This was unlikely in
the intensively used offshore areas, but fish with their own
defended areas may have regularly v1s1ted others
territories. My own data are 1nsuff1c1ent to test whether’
exeursions were more likely at certain times of the day
(e.g. oute?de spawning times) but this would be worth
investigation. |

there were differehces between sites in ever1ap.'1
estimated Tph-Tph overlap at each site by counting the
number of subquadrats shared«pergindividual semple and
dividing it b&vthe percent usage (Table 24). Overlap be tween
Tph Sc taenlopterus was low at all sites. Both Sp.
' aurofrenatum and Sc. Isertl had the highest over lap 1nd1ces
at s1te M, where there were large amounts of space 1eft
yempty; and what was.used‘was shared. ThesF over laps were not
the result of fish using the same space at different times.
‘Overlapp1ng Tph often fed or swam together. This is not
surprising in Sc. lsePtl whose gregar ious nature is well

Known (Ogden and BucKman. 1973; Barlow, 1975; ItzKowitz,

i
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4
1974, 1977a). | |
Gregarious Tph Sp.-aurofrenatum have not yet been

described. However, Randall and Ormond (1978) briefly

mentioned overlapping territories of Tph Sc. ferrugineus in

the Red Sea. These authors stated that one targe male was

usua]ly dominant. In Barbados, such alliances involved two

«

(on one oécasion, three) Tph males who swam and fed together
o - 4 — :
(Figure 22). I saw 15 alliances betweén Tph Sp. aurofrenatum

at site M over the course of the study. One large male (#19

- SL 190 mp) was involved in five between Novembéh, 1978 and
April, 1979f‘A]11ances 1qsfed from sevé%a] days to four
weekKs. 'They were never seeq at'any of thg other sites. Six
occufred between males in the staghorn coral zone; eight
took place }n the inshore rubbfe and small cérél‘heads zone,
and one Eair was seen in the deeper pillar coral zone

(Figure 3). Most of the Sc. iserti overlaps occurred in the

_ rubble zone too (Figure 19).

In ali Sp. aunoFPenatum’alliances, one Tph, larger than
the other,:was‘aominantﬁ Ihteractiona'between the pair were
at a Tow level of aggression. The dominant Tph followed and
supplanted the subordinafe and the dubordinate moved aside
or arched submissively, sometimes tLrning an Iph-1like
stﬁiped pattern. (see Barlow, 1975). In the one triplet seen
(Figure 22), fhe interactions were two-way: the larger Tph .
dominated the mediu@ one but ignored the small Tph, and the
medium one dominatéd the small one. Pairs sWam.together,

their territory boundaries changed over time in the same way
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Figure 22. Computer map of a three-way alliance Between a
large (#24 - SL ca. 465 mm), medium (#23 - SL 144 mm). and
small (#21 - SL 132 mm) Tph Sp. aurofrenatum at site M. All
were sampled on the same dive. The offshore (west) end is at
the left of the figure. : ) " S

'

! N .
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during thg alliance and both fish defended the same border.
Twéwalliance members (#21, #23) later shifted apart and
began interacti;g aggressively (Figure 1;). IH July, 1977,
1n!eract1ons between adjacent pairs were ohserved the
1ike-sized f1sh ‘displayed to one another but 1gnored the
other alliance member. Males that had been pa1h members (one
had been dominah;, one subordinate) did spawn, althougﬁ not
when part of an alliance. Members of él]iances did not

, _ X
disappear from site M at the same time; some remained longer

than other partners and formed new bonds or stayed solitary.

Dominant and subordinate Tph Hal ichoeres m ‘
e -

space, -although subordinates remain for a Tom

"l“na share
, and
fight to take over when a dominant disappears (Thresher,

1979a) .

N
b
Ay

Nexly transformed Tph Sc. taenioptefus shared spagé. I
saw three such fish (#10, #11, #12 - Appendix 2) in the
offshore end of site M, and two (#13, #14 - Figure 23) at
site B. These groups also formed dominance hierarchies,
although size differences were hot so>apparent. Both'

dominant fish (#10 at s1te M  #13 at site B) were further

advanced in their colour change than the subord1nate( ).

These alliances gradually terminated as the fishes’ Tph

. colours develaped. After two weeks, one of the site M

triplet had shifted nOrthwafds, the other subordinate had
moved south. At site B, the subordinate (#14) shifted
eastward. It later took up'residence south of the other male

(see Figure 18).
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Figure 23. Sharing of space by two transitional Sc.
taeniopterus at site B, and their shift apart two weeks
later after Tph colour was more developed. Positions are
indicated by the individual's identification number. The

offshore (west) end is at the left of the figure.
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Spacé was not held exclusively by Iph fish (Figure$‘24
to 26) which formed a size-dependent dom%nance'hierdrchy.
Aggression between differently-sized Iph was 1ow74é9 1; the
larger fﬁsh supplanted or nipped at sofal lér one; who arched’
and moved away. Like-siied fish did exclude one another, and
what appeafed to be bordgr interactions with fin erections,
tailstands, and evén mouth-fo-mouth coﬁtacts were seen
occasionally étvall sites.'

Iph fish offshore formed harems, i;e. the boundaries of
their home ranges were enclosed within tHat of a Tph male
(Figure 24 to 26). This was verified for all three species
at sites B and P and for Sp. aurofrenatum at site A. It was
probably true for Sc. taeniopterus there‘és well. Yellowfin
Iph Sc. iserti were harem members, but some pa]é-finned Iph
moved across fph boundaﬁies and were perhaps Iph males. One
Iph Sp. aurofrenatum at site B (0", Appendix 2) over lapped
two males’ boundaries but this was a spot where one Tph (#1)
had betractgd his bordér. Thus, males may ' lose’ femaies if
their territory shrinks. Another Iph at site P took a 20 m
excursion outside her Tph's borders during one sample.
Several Iph and Tph displayed to her, although not as if she
were a transient (see pages 125-129), and she was back on
her‘home range the next day.

No harems were found in the area surveyed at site M in
Sp. aurofnenatum or Sc. iserti. Some Iph had home ranges

over lapping the territories of several males, others dwelt

in areas claimed by no Tph (Figures 24, 26). A few Iph SC.
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Figure 24. Home range boundaries of Iph Sp. aurofrenatum at
sites B and M, in relation to the boundaries of overlapping
Tph territories. The offshore end is at the top-of the
figure. . :

q
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Figure 25. Home range boundaries of Iph SC. tacniopterus at
sites B and M, in relation to the boundaries of overlapping
Tph territories. The offshore end is at the top of the
figure,

» LR o C 9.
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»

Figure 26. Home raﬁge boundaries oft Iph Sc. fsert! at sites
B and M, in relation to the boundaries of overlapping Tph -
territories. The offshore end is at the top -of the figure,
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taeniopterus Tived entirely w1th1n a Tph male’s borders at
51te M althOUQh most ranges bore no relation to Iph |
boundaries (Figure 25). . h

- dAhe- soc1al systems of all thiee* spe01es can be
characterized thus. At offshore 51tes ma les defended
:v~ permanent. exclus1ve closely pa ked territories from
conspec1f1c Tph although Sc. iserti tolerated more overlap

PR

than the,other.speCTesx lph females dweltvin a

-

size-dependent dominance hierarohy'in harems within the Tph
boundaries and may have'excluded 1ike-sized fish. JUdging

_ from observations and grid surveys (Table 6), thereiwere ca.

-

3 to 5 Iph females per -harem. Some Iph Scarus perhaps
e males, wandered freely between harems Inshore, Tph Sc.
lsertl and Sp aurofrenatum held Spatiotemporal territories,

and often shared‘space. Tph Sc. taeniopterus varied least

¢

' ,.betweenfsites”in this respect’ Iph fish inshore had homef

E[ range boundaries that were 1ndependent of Tph males’,
‘ although some Iph Sc. taenlopterus were maybe haremic.

2

L - The’ three _species studied, Sp. aurofrenatum Sc.
| "jsertl, and Sc. taenlopterus dld not subdivide space
: interspecificallycat any Site. This agrees with the analysis
of grid survey sightings (Chapter 5) which showed many o
positit;scorrelations between'them. Perusal of‘territory-
i{;lmaps'(Figures 17fto/19, Appehdix.Z) showed that boundaries
1of Tph territories overlaid one another with no apparent
pattern The same was, true for Iph fish which were surveyed

-in subsections of the study area. Perspective views: of

s
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three- dimens1ona1 space- t1me graphs reinforced th1s
conclus1on (Figures 27, 28). The UBC- SURFACE program graphed
the average percent of time spent by a spec1es in each
por?ion of the study area durfng one samp]e period. Whilé
speciesldidvnot use space in identical fashions, some
spending more time in parts of the grid than others, neither -
- did they use it in contnesting Qays. Speoies moved about
eaoh‘study.area guite independently of one another; and
'Jinterspecificwgggression,Twhich occurred rarely (Table 16),
'did'not‘reeult in temporal partitioning of space. '
ﬂgmgvggngg and territory size | |
Fish used differing'amouﬁts'of spaoe, depending on
their species, phase and Which site they inhabited (Table
" 95). Values in this table are the average amounts of space
enclosed by the fish’s movements during an obserVation
period;‘Because territories at site M Werevspatiotemporal |
,and changed greatly in shape end posyfion from day to dey
(F1gure 20) I used the amount of space encfosed during/a
sample as a measure of each fish's tenr1tory or home range
size. S1nce borders at the offshore s1tes varied little from
day to day, these values estimated the sizes of permanent
territories or home ranges there reasonab]y wel] The values
in Tab]e 25 agree w1th previously pu 11i shed ones for scar1ds
in other parts of the world (Bruce, 1978; Randall and
Ormond, 1978). The area enclosed during a semp1e did depend
on the 1ength of the observation period for all but Iph Sc.
isert.i, buf appeared fo level out forathe other groups after
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Figure 37. Overall pattern of space utilization by all fish
sampled for.activity budgets at site M in early 1979 formed
by plotting the percent of time spent by a species 'in each
subquadrat of the study area. Note that Tph Sc. iserti and
Iph of all: species were sampled in portions of the grid; -
flat areas do not imply that no fish of these groups spent

time there. .

[PH SC. TRENIOPTERUS

TPHOSE, [SERTI

P4 SC. ISERTI
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by plotting the percent of time‘spent.by a species in each
subquadrat of the'study area. Note that Tph Sc. jiserti and
Iph of all species were sampled in portions of the grid;-

flat areas do not imply -that no fish of these groups spent
time there. . I ‘

: '}'P’H SC. ISERTI
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Table 25. Average area in m2 enclosed by a fish’'s movements
during an observation period. Only samples lasting at least
10 minutes are considered here. 5.D.: standard deviation. n:
‘sample size. ‘ : :

Species: ' Site M  Site A  Site B Site P -Overall

Iph Sp. aurofrenatum: :
91.4

Mean - 88.9 39.4 - 99.0 - 67.1
S.D. - 32.4 22.1 - 36.6 48.7 38.3
n 26 - ' 5 22 12 56
Tph Sp. aurofrenatum: = = ,
Mean - 141.8 _ 142.6 215.2 175.8 188.5 .
S.D. - 95.7 60.8 106.6 56.0 99.6
n 39 - 16 111 32 - 198
Iph- Sc. taeniopterus: o , A
Mean 116.0 ND 73.9 53.5 = 93.3
S.D. 84.3 - 30.5 22.2 69.2
n . .25 13 8 46
Tph Sc. taeniopterus:’ o ‘ o
Mean 158.7 107.4 224.5 256.3 183.3
-S.D. 78.5 43.5 . 104.4 125.6 105.9
n 45 21 61 23 150
" Iph Sc. iserti:: ! . -
Mean - 36.5 ND 60.8 53.1 45.7
S.D. 24.9 . 20.6 14.1 . 21.8
n 14 ’ "5 7 26
Tph Sc. iserti: : : :
Mean 119.2 ND 108. 1 . 78.2 99.4
-S8.D. 76.2 : 44.0 29.5 51.7

n 17 w2127 71
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10 to 20 minutes, which was within. the range of my average

, observation time (Figure 29). However, to test for “
d1fferences in home range size between s1tes, [ used
analyses of covariance (Snedecor and Cochrane; 1980) which
adjusted«for the effects of observation time.

A1l Tph males used more space than did IpH conspeeifics
(Table 25). The territories or home ranges of Sc. iseﬁti ~
were roughly_hélf the size of the other species. With the °

'exception of.Iph.Scﬂ iserti, home range or te}ritory areas
were significant]y different between sites, but the trends
debended on the species. In Sp. aunofnehatum, Tph |

tereitories:and Iph home ranges were largest at site B. In
s v

Tph Sc. taenippfeﬁus. territories were largest at site P,

<

and smallest at site A, but Iph home ranges were largest -at

site M. Tph/Sc. iserti had the smallest territories at site

investigated whether fishrsize‘c]ess or behaviour
(i.e; percent of time spent in various activitiesj affected
the area a fish used. In al] but two cases, fish size
clase“ had no effect on its home range or territory area.
At site B, small Iph Sp:—aurofrenatum used less space than
'1ar§er ones (F(2,31) = 4.7, P <'0.05). Large Tph Sp.a
aurof renatum at site M defended.the least amount of'Space
(F(2,60) = 6.9, P < 0.01), probably because they spent more
time sitting (pg. 196; Table 30).

~

- m e e e m = e e = o= e =

11 Small, medium, large, with actua] size ranges dependent
on the species and phase.
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Figuré 29. Relation between area enclosed in m2 by a fish’s

movements during an observat1on per1od and minutes of
observat1on. '
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The assumption that home range size should vary
directly-with animal size (McNab, 1963;'Schoener, 1968;
Dill, 1978), although apparently tbue for numerous animals
with feeding territories, was not supporfed by my datéﬁ It
could be argued thét Tph required more{space than Iph
. conspecifics because they weighed more (Table 27) and thus
had greater energy requirements\ This seemed_Unlikely sinde
Tph malés uniformly spent less time feeding than Iph fish
(Figure 32). Moreover, with the exception of Sc. iserti, the
Tph territory:lph home range size ratio exceeded the ratio
of theib.weigﬁts. This difference was especially marked at
the barrier reef-sﬁtes. While fish size may have some efféct
on a species’ space needs- Sc. iserti; the smallest scarid
" _in this study (Randall, 1968; Table 27), used the least
amount of space- it did not directly determine an
individual’é héme range or territory size at any study gite.

‘_Fodd supply and home nangelsize are also often
inversely related in fish (Slaney and Northcote, 1974; Dill,
1978; Ebersole, 1980;-Hixoh,<19§0b; Larsoﬁi 1980%;b).

However , thé ranking of study areas with régards to food
supply (Site M > Site B > Sftes‘A and P, Chapter 3) was not
the same as a species’ fanking according to territory size
(Table 25). Only iIph Sc. iserti had smaller home ranges at
site M where food was most abundant xut thié difference was
not significant. This hfnts that the amount of space used by
parrotfish is not directly related to their nutritionafv

needs. Iph fish, despite their large energy requirements for
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growth and reproduction, used less space than Tph males. Tph
males appeared to bé'defending more space'than was necessary'
to supply.them with food. '

" The intrusion rate by other males at the offshore sites
(Figuré 14) did show some relation to territory size. Tph
Sc. taenioptéru territories were smallest and intruders
most common at gite A, and the reverse was true at site P."
Tph Sc. isscti intruders were perhaps more common-at site P
as wél] (see above), where territories were smallest. The
relation was ﬁqt as clear for TpH\Sp. aurof renatum, as
territories were small at sité,A yet igtruders there were
not abundant. Residents’ smaIIAterritoriesvat site A
prbb;bly resultea from the fact that these large males spent
more time sitting motionless than:on the barrier reéf (see
Table 30), and sitting time correlated negatively with
terrﬁtbry size (Table 26). Territory size was lower at site
P than at site B, which had‘fewer intruders (Figure 14) .

Dthef behaviours also affected territory or home range

size. Fish that spent more time swimming generally had
larger territories (Table 26). Since feeding correlated
negatively with swimming (Figure 33), most fish‘that fed
more had smaller territories or homé;ranges (Table 26).
Thus, maintaining a large terr%tory or range exacted a cost
from the fish in "the terms ofithe time it could allot to
feeding. The area defendéd increased with durétion of
occupancy for Tph Sc.- taeniopterus at site M (r(15) = 0.59,

P < 0.05), and Tph Sp. aurofrenatum dffshore (site. P, r(8) =

~.
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Table 26. Partial correlation coefficients (contro
different activities and area enclosed by fish's movements.
*x: P < 0.05; **: P < 0.01%;

KK

P < 0.001.

Subm. :

11ing for minutes of observation) between time spent
Degrees of freedom in parentheses. Dams.: damselfish.
submission. Misc.: miscellaneous. Other: other scarid species.

in

. Behaviour (% time spent in each activity):

- Swim Feed Sit Interact with Subm. . Misc.

Dams. Iph Tph Other

Iph Sc. iserti . :
Site M(18) Q.73%*x* -0.68*** -0.47* 0.42* -0.23 0.28 -0.22 ~0.25 0.12
Site B(10) Q.44 ~-0.40 0.10 -0.49 -0.34 -0.23 0.18 0.10 0.47
Site P(10) 0.51* -0.25 ~0.03 -0.62* -0.19 -0.16 O.TT** -0.04 0.04
Tph Sc. iserti o . i
Site M(18) 0.43* ~0.54** -0.23 0.32 0.25 -0.02 0.02 « ND 0.17
Site B(31) . 0.13 ~0.61%** -0.02 -0.31* 0.37* Q.4T** 0.6G*** -0.22 Q.42**
Site P(30) 0.21 ~0.55%** -0.44%* -0.04 0.30* -0.29 0.52%*x -0.25 0.12
Iph Sc. taeniopterus : .
Site M(43) 0.33* -0.29* -0.16 0.20 -0. 11 0.28% 0.06 -0.28* -0.05
Site B(14) 0.55* -0.50*% -0.06 0.23 0.03 0.27 0.56% -0. 11 -0.07
Site P(16) 0.69%** -0.65** * 0.25 O.T70*** -0.03 -0.08 .0.08 0.08 -0.02
Tph Sc. taeniopterus . ) >
Site M(69) 0.32** ~0.42*** ~-0.03 Q.38*%*x 0.04 -0.17 - 0.04 -0.20 .0.03
Site A(19) 0.37* -0.49* -0.17 0.214 0.29 0.18 0.02 ND -0.09
Site B(67) O.31** -0.32** -0.09 0.02 0.04 -0.04 -0.04 . ND 0.13
Site P(21) 0.2 -0.47* -0.44* 0.36* -0.08 .~ 0.20 Q.08 ND 0.36*
Iph Sp. aurofrenatum .
Site M(34) 0.3t* -0.38* -0.32* 0.40** .lo.an 0.08 -0.07 ~0.33* 0.44*
Site A(2) 0.92* 0.87 0.30 -0.03 0.47 ND ND - ND -0.85
Site B(41) 0.30* -0.26* 0.04 -0.28* 0.19 -0. 11 -0.08 -0.26* -0.04
Site P(9) 0.45 -0.06 -0.32 0.27 -0.03 0.42 . -0.37 _-0.17 -o.mw
Tph Sp. aurofrenatum .
Site M(52) Q.35*%* -0.35** -0.37** 0.12 0.17 0. 11 -0.20 -0.02 0.14
Site A(13) 0.58%* -0.41 0.50% -0.19 0.39 -0.24 -0.03 ND -0.26 .
Site B(127) 0.09 -0.14 -0.11 -0.04 0.12 -0.06 0.04 : ND Q.73%**
Site P(32) -0.03 -0.04 -0.27 -0.03 0. 15 0.09 0.17 ND 0.03
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0.78, P < 0.01; site B, r(44) = 0.40, P < 0.01), which

* suggests that older, perhaps more experienced Tph can put

pressure on their boundaries to expand them.

Fish that were more aggressive did not have larger

territories, with the exception of both phases of Sc. Iserti

and Iph Sc. taenfopterus on the barrier reef: those with

more interspecific interactions tended to have larger ranges

(Table 26). This may indicate a synergistic effect of
interspecific aggression on space used by Sc. iserti and Sc.
taenioptenus, since these two species interacted most with
each other (Table 16). Tph Sc. iserti on the barrier reef
that interacted more with Iph conspecffics also had larger
areas. Some Iph that were more submissive had smetller

ranges. In some cases interactions with damselfish were

‘related to larger territories, perhaps because damselfish

attacks kept parrotfish moving. However, the effects of
damselfish aggression were mot consistent.

Parrotfish appear to be capable of considerable

territorial expansion and compression. Yellowfin Iph Sc.

isefti in Panama defended very small territories (10 to 12
m2; Buckman and Ogden, 1973). C]avijo (1980b, and»pers.
comm.} reporfed a territory size 6f 80 m2 for Tph Sp.
aurofrenatum in Puerto Rico, while S. G. Hoffman (pers.

comm.) measured sizes of 500 to o&er 1000 m2 in Panama.

These results underline the,féct that terfitory size and

food supply do not have a simple negative relation. The food

- supply -in Panama was pbobab]y of higher quality and more

S
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‘abundant (pg. 238). The fact that Iph Sc. iserti had smaller
territories there and at site M, hints that they may be food
maximizers (Ebersole, 1980), which defend only enough sbace
to meet their énergy.requirements. Tph Sp. aurofrenatum may
be time minimizers (Hoffman and Stouder, 1980), which'spend
only enough time on feeding to meet their needs and invest
the rest in social interactions. Hoffman and Stouder (1980).
reported having eiberimenta]]y increased the size of this
speciés' territory by addition of food, as did Ebersole
(1980) for female Eupomacentrus leucostictus. Feeding
territorieé‘usually contract when food is addedv(Slaney and
Norphéote, 1874; Simon, 1975). The relation between a
speéies’ space requremenis and "its food supply is obviously
not a simple inverse one; obtaining food may be of secondary
impor tance to some Tph males, particularly those dwelling

LY

offshore.'

C. Use of space-individual patterns

Individual parrotfish distributed their time
differently over their home range or territory. Some moved
be tween scatteréd points, stopping briefly here and there to
| feed. Others Were more sedentary, remg}ning in one portion
of the grid or returning repeatedly to it. In order to
visualize their space use patterhs-better,'l graphed the
percent of time spent in each quadrat during one sample
beriod»using the UBC-SURFACE programs mentioned above. I

made graphs for several samples of two to three "individuals
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g

of each species and phase at every site. Only selected
examples are shown here to illustrate the two different
patterns observed (Figures 30, 31).

The scattered space utilization pattern (Figure 30)
appéared as a series of separate peaks near the perimeter of
the fish’'s range, surrounding a central trough where little
time was spent. It was seen in Tph and some Iph Sc.
taeniopterus at all sites, in all Tph and some Iph Sp.
aurof renatum offshore, and variably in both phases of ScC.
iserti. An individual Sc. iserti offshore might show a
scattered pattern one day followed by an intense space
utilization pattern the next. Intense utilization patterns
appeared as one or two tightly packed centra]rpeaKs (Figure
31). A1 Tph Sc. iserti at site M and some Iph and Tph
elsewhere, displayed the intense pattern, as did all Tph Sp.
aurofrenatum at site M, and some fph Sp. aurofrenatum at all
sites. | |

An intense pattern could appear in fish that were
exploiting a rich but patchy food sgpply so that the
motivation would be to stay and use it before moving on
(Warner, 1979). Fish at site M, which showed the intense
pattern, were perhaps using space in this way. Site M had
.the richest food supply énd most heterogeneous coral cover
(Chapter 3). Parrotfish displaying the intense pattern did
- not give any evidence for a central. activity centre or
favoured areas used repeatedly day after day (e.gf Nursaltl,

1977; Gronell, 1980). Surface plots made on the same
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Figure 30. Selected examples of scattered pattern of space
utilization by individual fish. Graph on right is a contour
map with lines connecting points where the same percent of
time was spent. The graph on the left is a perspective view
of the same surface with peaks were much time was spent.

P S0, TAENID, IR w ), S1HE M, 1y FER 1979

(PH 5C. TRENIOPTERYS a8, 5170 7, 11 SEPT, 1978




202

AN

Figure 31. Selected exampies of intense pattern of space
utilization by individual parrotfish. See Figure 30 for
~explanation. g o e

©,, 'TPH RUROFRENATUM 25, SITE M, JRN 11 1979

b
i#
B

1979

~

SPH SP. RURUfﬂENRTUM 7, SITE M,.FEB 15,

IPH sc'. 1SERTI 83, <11 8, 29 DEC 1878
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1nd1v1dua1 at d1 ferent times. showed that the central peaks
sh1fted from samp e to sample, perhaps an indication than
dfésh fed in ‘different spots from day to day

The per1phera peaks of the scattered pattern also

‘.4 Var1ed between_samples. This pattern coqu appear if fish .

were exptoiting a less rich,_mope dispersed_food source. The
feeding mode used by'the Scarus species of swimming,
. descending to feed then mov1ng on aga1n (Barlow, 1975)

could produce a scattered pattern when movements were

constra1ned inside home range boundarles However, fish
exploiting even]y distributed resources should show a
plateau, or no particu ar,pattern.ofvpeaks The f1sh w1th a
scattered pattern clearily spent”more time on*their.borders

than centrally. This_ce trat trouoh,is probably related to
| territorial.defenoeﬁand atro]ling. Tph‘males may have to be
ﬂcontindally presentﬁon t eir_borders.to prevent‘encroachment
and loss of‘spaoe. This} xplains tn'part why Tph Sc. iserti
~and Tph Sp. aurofrenatum t site M, which shared’ space w1th
ther Tph, showed the 1nt nse pattern rather than the
scattered one: they~were not patro]11ng the1r borders. It
a]so expla1ned why Iph pat erns were var1ab1e Some were
terr1tor1a1 (e.g yellowfin\Sc. lseFfl), others were not
_'Territoryvor home range’siz_ also affected the pattern of
_space uti1tzation only s]tgh ly. $1sh with large territories
(>. 100 m2) tended to show thebscattered ‘pattern, a]though
many with smaller ones did t . The. fact that many

parrotfish spent more time'on their territory or home range
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boundaries than centrally is notable, for it meant that they
placed a high priority on defence of ‘space and left the

central portions of theérAranges relatively unexploited.

EID Summary

| Parrotf1sh clearly used space in d1fferent ways,
depending on their ‘phase, spec1es and the site they

Ainhabited.'space was packed ightly offshore but loosely

linshore at s1te M by all species. Tph there were not

excluded from parts of the r sef by the damse1f1sh E.
planlfbons, some of the most lintensely used areas were
cehtralgstaghorh coral zones &here this damse1f1sh was
abundant tcompare‘F%gures 3, 17 to 19 and 27, see Chapter
5). Iph fish at site M“ however ,” may have been excluded from
'damse1f1sh areas (Chapter 5) | |
| Tph ma]es all showed more var1ab1e boundar1es at s1te

M. The presence of contiguous, aggress1ve ne1ghbours |
voffshore may restra1h Tph's movemehtS'and Keep them from
“varying as much from day to day. Tph sc. taeniopterus
boundaries varied least of the species studied on a
short-germ basis‘at sﬁte M. Many of them were permanent
’ residents there. Temporary resjdents'were more weaKTy .
attaohed to specific areas. Some Iohlfish at all sites had )
~relatiVely constant bordersf‘others changed between samples..
Iph fish were probahly less subjectvto‘aggression‘than Toh
if they moved outside their home ranges, and“thus were less

e

constra1ned to one spot. Those that had f1xed borders were~

'
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~ perhaps haremic females, fish with variable boundaria¥;ﬂgpgf
maybe Iph males. Howevér, co]]ectfons would be necessary to
ver'ify this. Iph Sp. aurofrenatum showed fewer boundary
variations than the Scarus at all sites, a reflection of
"~ stronger site attachment. | |
A11 Iph tolerated overlap w;ih éthars-and dominated
sma]%er conspecifics, 'although they excluded and behaved
“most aggressively towards jiké<sized {ndividua]s._This
_size-dapendent territoriality needs more investigation as
its fUnctioa/is unciear.
Of a]]cthree species, Tph Sc. iS;Fti were most tolerant
of other Tph in the1r territories, and frequent]y ]eft their
own to forage e]séwhere A study of such excursions in
Felat1on to spawn1ng act1v1ty is required. Tph Sc.
taen;optenus and Sp. aurofnenatum were more\comm1tted to
cont1nual]y defending their own terr1tor1es, and only
a]lowed overlap under spec1a1 c1rcumstances newly
‘transform1ng Sc taenlopterus and d1fferently sized Sp
aurofnenatum at site M. Both cases are related to
'reprddﬁcfive act%vities{ Transi{}onal Tph Sc. taeniopterus
"diq ndf spawn, and so Wére_nof rivals. They shifted apart.aa
théfr‘transitionbwas_completed‘fFiéure 23). Spawning .was
vﬁ uncommon at site M (Table 33) which may’exblain_why Tph Sp.
" aurofrenatum tolerated other males. Still it"is not obvious
why these fish shared spaae; and even defended cpmmon’
. bordeﬁs rather than_moved into_fhe expanses of empty space

available. While a large, dominanf; non-spawning, Tph male
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stood to lose little by allowing a sﬁallvmaﬂe'within'his
borderé, one wonders why the subordinate pair mémber would
remain. The aﬁswer‘may be related to food. Mdst‘a1liances,
occurred between ﬁish‘in the staghorn'coral and small Coral
heads " zone .where damselfish densities‘Were high (Chépter 3)}
Smal1l Tph, which would be more easily dominated by E.
-planifrons (Robertson et al., 1976; Waldner and Robertson,
1980), were perhéps less: 1ikely to be attacked by damselfish
if accompanying a 1arger fish. Interaction rates with_
damse1fish were highest for Tph Sp. aurofnehatum dwelling in
~these zones, a]though‘the différence was not quite
significant (F(3,75) = 1.9, P = 0.13). Time spent
interacting with daMSe]fish was nhegatively corfelated with
feeding (r(77) = -0.23, P < 0.05).12 However, the percent of
time speng in damselfish interactiqns by shahing Tph males
waéﬁ2.8 (n=11), below the overalljaverage'for site M (3.8 %,
n=79), and the value for one small Tph (#21) increased from
2.3 % when sharing with two’btheh males, to 9.6 % when he
ater béCaﬁe so]itary. Sharing space, may be one way that Tph
Sp."aunofrenatum.overcome'damséifish aggression, and ?nall
males perhaps lose less from the occasional mi nor aggreﬁsion
kdirected at them by their dominants, than they'gained'fr;T
being able to feed on the rich algal turfs of £. planifrons.
' In general,'Tph territory size was related neither to

fish size, hor to an area’s food supply. This suggests that

- e e e e e e o v -

2 In Tph Sc. iserti at site M, which also commonly fed
 together, there was a similar relation (r(31) =-0.33, P <
0.05). There was no such effect for the other species.
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they are defendiﬁg space for purposes other than feeding.
}The obsérvation that some males formed feeding alliances
.perh;ps to overcome damselfish aggréssibn supports thiss Tph
tsrritories offshore were perhaps smaller where intruders:-
were'mOPe-abund nt. Maintain{ng a large areavmeantﬁtﬁst fish
had to swim more,_feed and sit less, but not necessarily be
more‘aggressiVe. |

The social system at site M was greatly different from
the other sites where harems of Iph formed. Hbme range
positions of Iph and Tph inshors,qgre'independent.'Su¢h
variability in social systems_isnhot surprising (see Buckman
and Ogden, 1973; Ogden and Buckman, 1973; Barlow, 1975 for
Sc. iserti) but it should alert researchers to the pitfalls
sf categorizing a species’ social.systém as something-fiXed.
Parrotflsh clearly are capable of a wide range of soc1a1 and
space- related behav1our th1s generality may be one reason

for their great success on most reefs (Chapter 4).

An outct ke ofl this analys1s is the conclus1on that the
three species observed here do not compete among one another
for space, nor déthey use spacé ih contrasting ways.
Whether they eXpTcﬁt one spot jntensiveTy or move between
.scattered poihts appears to depend 1éss on .their species
than on‘thefr spatial commitment (i.e. patro]lingvtheir
border vs. not patrd]]ing) or type of food explsitation.
Elsewhere on the reef herbivorous'damSelfish and blennies

'share space with 11tt]e interspecific aggress1on (Nursa]l

1981), yet conventional theory states that they shou]d be
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'competitors The adaptat1ons of reef fish wh1ch a]low them
to share space and food often am1cably, obv1ously requ1re

more investigation.

E Parrotf1sh social behaviour - Use of tlme

The three parrotfish species stud1ed 1ntens1ve1y, Sp
aurofrenatum? Sc. taenlopteus.and Sc. iserti did not
subdivide space interspecifically, nor diu‘they shew’
interactive patterns in the time spent in parts of each
study area. In short, they did not appear to be compet ing
“for space, which‘py c]asSiga] reasoning is the limiting
factor on reefs (Smith and Tyler, 1972; Fisheleon'et al.
1974; Sale,1975). However, a cohelusion that these species
 were. ecologically tdentical would be premature, for while
they existed in the same‘space, they may have behaved
differently within it. I compared the species’ activity
budget to determ1ne whether they exploited the same
environment in d1fferent ways. Because aggress1ve '
interactions maintain social‘andwspac1ng patterns,

I paid particular attention to the amount of time that each
species a]}qcated to aggression.

Analysis of activtty budgets is important for another ’
reason; it allows comparison of "each species’ behavioural
response to the different ecological factors present at each
study site. Labrids and scarids exhibit extensive

.behavioural‘f]ext%ili:y,,which allows them to make
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short-term adaptive responses to differing conditions (e.g.
Warner and Downs, 1977; Warner and Hoffman, 1980b; Hoffman
and Stouder, 1980; Dubin and Baker, 1981). My aim was to
compare activity budgets of parrbtfish among my study sites
to determ1ne

1. which underlying ecolog1ca1 var1ables affected how these
fish allocated their t1me to each act1v1ty,

‘,2. how differences in act1v1ty budgets explained the
var1at1on in soc1a1 systems between inshore (Site M) and
offshore sites (A,B,P),

3. what ecological factors were the ultimate determinants
of the social system§ displayéd&by_these parrotfish.

In this section I will-cémpare‘eabh sbedfes’ and phase’s

activity budgets and will discuss what other factors (fish.

size, duration’of occupancy, time of day) might affect them.

Below, I will discuss how they vary between sites.

Overall activity budget

Activity budgets differed depending on a fish’s species

and phase (Figure_32). A]i parrotfish spent over 85 % of
their time feeding and swfmming, and time spent on theée‘two
activities correlated inverSely (Fﬁgure 33’. Sb.

aurof renatum spent the most time $wimming, Sc. iserti the
least. Both Sc. isePti/and sc. .taeniopterus invested
considerably more time in feed1ng, and fed at more rapid
‘rates ‘than Sp. aurofnenatum Iph of all species spent 40 %
more tjme than Tph in feeding, which wasgexpected due to ti.

greater ehergetic costs of producing eggs. However, Iph
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Figure 32. Percent of time spent_in different activities by
parrotfish in Barbados. "Damsel." is % time being chased by
damselfish. "Aggress." is percent of time interacting with

other parrotfish. "Other” "includes miscellaneous activities
such as being cleaned, sitting under cover, and various body

movements.

ACTIVITY BUDGET
SP.. AUROFRENATUM _

swim O
feed O
sit [ ]

damsel O
TPH aggress. B IPH
: other 1 )
n= 266 ’ n=103

ACTIVITY BUDGET
SC. TAENIOPTERUS

swim 0O
feed O

sit B
damse!l O
TPH aggress WM - IPH
) ~ other 0
'.1= 215 n= 84

ACTIVITY BUDGET

SC. ISERT!

swim 0O

feed O

; Sit N
damsel O

TPH aggress @ IPH

other 0

n= 105 n: 48



»

Figure 33. Percent of time spent swi

feeding for Barbadian parrotfish
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females had gonadal -indices that were between 6 and 12 times
those of Tph (Table 27), proportionally more than their
extra feeding time. Iph fish conserved energy by using
expensive aggressive behaviours less often than Tph males.

A1l Tph fish spent more time swihming high above the
bottom than Iph, although this activity took up only 2 to
4 % of their time. High swimming by Tph could be a form of
advertisement as it made the fish more conspicuous.

Sp. aurofrendtum sat motionless more than the otheﬁ
speciés, partly a result of its feeding habit of-stopping
moméntari]y between bites. Ai] parrotfish were chased by
. damselfish approximéte]y the same.percent of their time (1.8
- 3.5 %). Averaged over all sites, Iph fish were more .
suéceptib]e to damselfish chases than were Tph. However ,
this trend was less mgrked, or even reversed at Site M where
 1ph fish were not found in high damselfish areas (Chapter
5). Feeding was negatively correlated with damselfish
interactions only in Tph‘Sp. aurof renatum and Sc. iserti at
site M. Other parrotfish either avoided high damselfish
areas (all Iph) or were unaffected (Tph Sc. tééniobterus).

A1l fish spent only 1 - 2 % of their time being
cleaned, and 80 - 100 % of their cleaning was carried out by
fish (most1y Gobiosoma spp. ). TIph of all species were
cleaned r"oftén by shrimp fhan were Iph} Iph fish spent
more- time under cover (1 - 3 % of their- total time) than did
Tph, perhaps a ref]ection‘ofjtheir greater dependence on

cover for protectionf Other miscellaneous activities were of

N
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Table 27. Average gonadal indices (100 X gonad weight / body
weight) of parrotfish collected in Barbados.

Species: Mean gonad Mean bod Mean G.I. n
' wt. (g) wt. (g

Sp.‘aurofrenatum:

Iph 0.77 - 77 1.0 21
Tph 0.09 AR 0.1 13
Sc. taeniopterus:
Iph : 0.71 106 0.7 25
Tph 0.16 ‘ 197 0.06 20
Sc. iserti: ' o
Iph Female 0.71 28. 4 2.0 46
Iph Male 0.33 ‘ 22. 1 1.1 16

Tph 0.26 71.3 0.4 4




: | 214

e *"’“,Mﬁ o+ | |
little tmportante (< 1 - 2 %) in the activity budget.

I paid particular attention to aggressive behaviour
(Table 28)._Tpﬁ ;§§h behaved agonistically approximately two
times more often than Iph, although aggression averaged only
2 to 6 % of the total activity budget. Approximately 90 % of
Tph fishes’ aggressioh was of high intensity (i.e. chases,
tailstands etc.); Iph aggressfon was more often of low
intensity (i.e. supplanting, nips, following). Iph Sp.
aurof renatum were most aggressi?e in this respect (Table
28). My observational technidue was somewhat biased as most
fish were interpreted as having initiated more interactions
than they received. Barlow (1875) discussed the problem of
detecting aggreﬁsion directed towérds the animal under
observation. However all Iph réceived more aggression than
Tph; they were lower in the dominance scale.

My datq revealed another apparent bias.” The Iph scarids -
that I observed received lesg aggression from Tph males, as
a proportion of their total aétivity, than Tph males meted
out to Iph (see Tables 30 to 32). I may have been choosing
to observe sedentary Iph that were residents and harem-mates
of Tph males more often than vagile and difficult to follow
transients. This suggests that Tph males interacfed with
extra-haremic Iph as'well as their own. The Iph of al]‘three
species received attacks from their own Tph ca. 66 %.of the
time, and from neighbouring Tph ca. 20 % of the time. I was
,unablg to identify the male in thé'remaining interactions

‘but it was likely a known male. Intruder males occasionally
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Table 28. Percent of aggression in the total activity
budget, and percent directed towards lph, Tph and other
scar ids, percent that was given, percent at a high level of
intensity, and percent with Known Tph.!

Sc. iserti Sc. taeniopterus Sp. aurofrenatum
Iph Tph Iph Tph Iph Tph

Percent of total aggression:

with Iph 71 75 53 67 g8t 32
with Tph 25 13 18 25 - 14 61
with Othef 4 12 29 8 5 7
% high 52 88 62 90 75 90
% initiated 63 94 39 90 T 94

Percent of aggressioh with Tph that involved known Tph;l/,/,,ﬁ

60 7 89 39 81 67
Percent in overall activity budget:

Total 2.8 5.6 1.7 3.6 2.1. 5.9
n_- 48 105 84 215 103 266

' When Tph males were observed, known Tph were neighbours.
In the case of Iph fish, they were both harem-mates and
neighbours. Neighbours attacked Iph fish ca. 20 % of the
time, the haremic Tph attacKed. them ca. 66 % of the time.

iy
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_ attacked Iph,, but Wereiobserved too'rarety to affect the
results B n | -3 |

‘There are some hints that males interacted- with their
-own harem mates using lower 1ntens1ty behav1ours than when
'they attacked extra harem1c Iph While watch1ng Iph females,
I perce1ved that 19 to 20 % of the aggress1on d1rected |
; towards them by Tph’males was low 1ntens1ty While watch1ng
Tph males I soored only 7 to 13 % of their Iph‘d1rected
.aggression as.Tow intensity.‘Thus Tph males may be less
Q\aggressive'tohards their own harem mates than towards
tranSient’or neighbouring Iph. |

Both phases of Sp aurofrenatum and Sc. iserti spent
cqns1derab1y more t1me on aggress1on than Sc taeniopterus “
Iph of.all spec1es dlrected most of . the1r attacks towards
other Iph but the Tph d1ffered in this respect Most (2/3 -
3/4) attacks by Tph Scanus were against Iph consbec1f1cs
Tph Sp. aurofﬁenatum spent most, .of its time chasing other
Tph, the majority of wh1ch were ne1ghbours (Table 28)
: Border defence is clear1y 1mportant in th1s spec1est Tph Sc
_ taenlopterus pr1mar11y chased unknown 1ntruders Ne1ghbours’
in this spec1es genera]ly 1gnored each other Tph Sc iserti
also 1nteracted rarely w1th ﬁ§1ghbours Th1s spe01es was
most tolerant of. overlap w1th other males (Table 24) .

I a]so 1nvest1gated the locatlons of aggress1ve |
1nteract1ons w1th the aim of d1fferent1at1ng border defence
from.dom1nanoe~re1ated interact ions among harem mates (Table

29). 1 expeoted'that dominance-related‘1nteraotions wou 1d
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oocur*at all points in a’territory, while border4related
defence would ‘most lakely occur at the per1phery 13 T first
.tested whether the location of 1nteract1ons directed against
h or Tph was 1ndependent of the study s1te us1ng

-]
con} ingency chi-square analys1s. Iph- directed aggression by

Tph|Sc. taeniopterus was more often central at site M than’

elsduhere (X2(3) = 11.7, P < 0.01). Iph-directed aggression
natum was most often periphera] at site P
75, P < 0.025). Otherwise there were no

s1gn1f1cant d1fferénces, so 1 tested whether the total

U

" number of per1pheral and central 1nteract1ons dlffered fffﬁ

'those expected based<on the average nunber of peerheralvand
centra] subquadrats in each area (Table 29). Tph Sc. ‘

taeniopterus and Sp. auﬁbfrenatum had "DPe interact ions thh

“other Tph.on the1r borders than expected based on the number

- of border subquadrats In Sp. aunofrenatum Iph[- Tph

1nteract1ons were also more oommonaon'the borders of the Tph

male than expected. These interactions were not-the result’

“ of Tph herding_their own Iph backhinsﬁde-as'aoparently is

| the”casetfor the cleaner Wrasse Labroides dimidiatus

(Rober tson and Hoffman,v1977), My observations indicated

“that Tph Sp. aurof renatum often chased Iph away from, or

along their territory borders rather than baoK inside.
;‘a )

13Per1phera1 interactions were defined as hav1ng occurred in
the same subguadrat on” computer maps as the Tph male's
territorial 1imit. Al1 other interactions that occurred
inside the boundary were considered central. For Iph fish I
took the position relative to an overlapping Tph’s boundary.
A small number of interactions at s1te M occurred outside
any Tph boundary ) : :
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Table 29. Percent of interactions that were peripheral and
‘céntral to Tph territory boundary. Chi-square test with
expected values based on the average proportion of
peripheral and central subquadrats at each study area are

based on the raw values. Number of interactions shown in
~ parentheses. *: P < 0.05; **x P < 0.01; **x P < 0.001.

" Tph fish observed Iph fish observed %
% interact with % interact with expected
Iph  Tph Other  Iph Tph Other

Sp.'aUPanenatUm

(267).(299) (56) (86 (8) ()

Border 58 65 52 43 88 67 50
 Central 42 35 48 51 12 33 50
ke 7.1 26.6 0.1 0.1 NDz  ND2

 P - % %k ok %k % . ns ns
' Sc. taeniopterus:

. (394) (141) (46)  (41) (18) (17)
Border .45 ° 87 46 27 19 35 46

 Central 55 33 54 73 81 65 54
Xz2. - 0.1 27.2 0.0 5.8 4.6 0.7

Sc. isenti: .

- (247) (44) (51)  (53) (37) - () .
Border . B2: 77 76 - 68 . 33 56 70

“Central 39 23 24 32 67 44 30
Xz 9.3 1.0 0.9 , 0.2 17.8 NDz

P v - ** . ns ns ns = kx*

N4 )

ND2: Sample too small to ‘test.
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G

~
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interacted with other s

‘and did not selectivel
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Scarus taenioptef‘us and Sc ‘iserti Iph - Tph

1‘1nteract1ons were more often central than per1pheral to the

Tph boundary, and were . likely the express1on of dom1nance by

the Tph male to h1s harem members, or exclus1on of Iph _-h

’males, rather than border defence. Iph Sc. taenlopterus also

1nteracted w1th other Iph more often "than expected in the
centre of their Tph’s terr1tory (Table 29).

Parrotfish interacted with othertscarjd\species'fn

‘proportton to. the number of border and peripheraT

subquadrats in their. territories. In other words, they

cies when they were encountered,
exclude them at their borders.

Interspecific aggresst “did not result in exclusion of

other spec1es Whether it\allows'the dominantvspecies first

access to food or simply reflects genera] aggressive
iy -
behaviour, is " unknown. '

e

I also investigated the positions of interactions

- fnvolvtng Iph fish relative to'the Iphfs lome”range borders.

In all three species, from 70 to 80 % @ finteractions

between Iph occurred at the edges of their'ranges +From 75

;to 95 % of Iph - Tph aggression took place at the per1phery |

N

of - the Iph f1sh’s range. Thus while the pos1t1on of

interactions relat1ve to the Tph's border depended on the

'espec1es (they were more often central in the ScaPus species,
'and were per1pheral in Sp. aurofrenatum) they usually

“occurred at the edges of the Iphls range. This could mean

L

NV PN v e

that-Iph became more aggressive on'their home range borders, -
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and that they were: more likely to be attacked there.
Aggression from (ph ma(es may serve to Keep Iph harem
members inside the male’s borders.
Parrotfish Qr1or1t1es of defence
Differences among species in both the objects of the1r
aggression, and the d1str1but10n of that aggression within
the terr‘tory’highlight’their difterent'priorities of
defence. Tph Sp. aurofrenatum channel -their aggressive~
energy into defending theirtborderS-from.both Tphiand Iph -
conspecifics Aggression towards other Tph would be adaptive
‘1n species that defended mates/*SWa resource (Thresher,
1979a) . Many of the Iph that Tph Sp aurofPenatum chased on
| its borders were probably extra harem1c Some of these could.
have been males and thus potent1a1 rxva]s (Chapter 6).
‘However, most were undoubtedly female and aggress1on towards
them seemed anomalous. It was unl1kely that Tph were
"excluding petential food compet1tors by chasing Iph females;
.the amount of.Iph- directed aggression was unrelated to an
area’s .food supply (F1gure 4, Tab]e_&QJ Sites P and A, with
scarce food (Chapter 3) should have had thenh1ghest levels
of Iph- d1rected aggress1on but d1d not. Attacks on Iph at
territory borders may be directed towards neighbouring or
transient Iph females. Aggression can inhibit maturation or
'sekual activity ef subordinates»(Farr; 1880; Jones and |
Thaﬁson,‘1980).vlt may also inhibit sex reversal (Robertson,
1972; 1873). |
| " Terminal phaselgs. fSePtf-a](ocated‘most of their

i
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aggression time to attécking Iph, as does the wrasse
Thal assoma bifasciatum (Warner and Hof fman, 1980b). Both
species have many Iph males, unlike Sp}.aunofﬁenéfum and Sc.
faeniopferus (Warner and Downs, 3977; Rober tson and Warner,
1978; Warner and Robertson, 1978; Dubin, 1981). Tph Sc.
fsenti_may attécK,IphAfish in‘order to detect énd exclude
Iph éales as well as to aggressively dominate yellowfin .
females. Its high»feeding rates hint that Sc. iserti may bé
the mosf energy-limited of a]] the species. It may reserve)f
its Tph-directed'aggreséibn for a brief peéeriod arouhd )
spawning time (Bér]ow; 1975) . ahd otherwise spend time on
lower inténsity and less costjy,dominanée of Iph fish.
Terminal phase Sc. taeniopterus spent’5urprising1y
]ittle time on aggression considering the size of fheir‘
territories. Three factorsrmay écéouht for this. First, this
spec{es has few Iph males and unTike Sc. iserti, Tph Sc.
taenloptenus may be spared the task of detect1ng and
excluding them. Second, Tph»males exhibited a magn1flcent
aran of subtle colour changes, particularly when high
swimming; which'may7have advertised of diéplayéd to distant
; ma les. Thjrd, this species spawned‘}n the~éar1y morning
aw(Dubip, 1981).>unlike the others which did so at mid-day
(Sc. iserti), or in the late afternoon (Sp. aurof renatum;
Table 33, Clavijo, 1980a). AggressiOn.and intrusion levels
were high very ear]y in the'morning as méles returned from .
their’ n1ght t1ne sleep1ng spots (Dubin and Baker, 1981).

After re- estab]1sh1ng their claim to a terr1torprand
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~ spawning, Tph Sc. taeniopterus may be under less pressure
than' the other species to protect their borders from
neighbours, exclude intruders, or dominate Iph females.

- The aggression.of Iph fish was primarily related to
dominance of harem mates. Although some defence of the Tph's
border occurred (Figures 24 to 26}, it was not more frequent
than expected based on the number, of border subquadrats.
However , aggression involving Iph was more common near the
edges of their own home ranges where they were perhaps both
more aggressive and more likely to be attacked. |

In sumnary, the three species observed did proportion
the1r t1me differently to each act1v1ty The Scarus spec1es
fed more than Sp. aurofrenatum which perhaps conserved
energy by remaining mot1on1ess more often. Such differences
in activity budgets may fagilifate thevcoexistence of these
three species. Although they use the same space, they do not
behéve identically within it. _

The spec1es differed in the1r deferice priorities, Tph
| Sp. aunofnenatum allotted most of their, aggre551on time to
'exc1ud1ng other Tph males on the1r borders. Both phases of
‘this species also attacked Iph fish on the Tph borders. The
Tph Scarus on ‘the other hand, used their aggression time to
dominate Iph fish within their borders.. These differences
" may be related to the need to detect Iph ma}es: Sc.. |
taen iopterus may have to invest less energy in aggression
during the day because of its early morning spawning, lack.

of Iph‘ma]es,.ano ektensive use of colour changes as
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territorial advertisement. In all speeies Iph-directed
aggression may function to restfain lph.withih‘their Tph's
-borders, and te exclude extra;haremic Iph.

Other factoﬁg affecting activity budgets: fish size, time of
day, and occupancy | B | |

1 wanted to test whether the factors fish size,

occupancy'and time of day affected a species’ activity
budget. Size was important because of its bear ing on
reproduct1ve success and dominance status (Warner 1975b,
Waldner and Robertsonh 1980a ). I- hypothes1zed that small
fish, both'Iph and Tph, would spend.more time than large .
-fish feed?ng and less time in energetically cost ly
behaviour, 1ike aggressive interactions, although they m1ght
be more subject to-aggression from larger fish, Other
species vary their activity budgets over the day,
particularly near dawn and dusk (Dubin and Baker, 1981
Nursall, 1981). I could not investigate such dif ferences.
because activity budgets were geﬁe;altxlmeasuréd 3 and 1t
hours after sunrise. Nevertheless,.l was interésted to learn
whether a]]ocation of time to behaViours'reméined stable
over the rest of the day.'ln a few Tph Sp. aurof renatum and
Sc. taeniopterus for which the'arrival times 1in theif
territories were known accurately, I ihvestigatea whether
behaviour‘changed over the course of their occupaney

There were few effects of fish size class on act1v1ty

budgets (Anova). Large (> 165 mm SL) Tph Sp. aunofnenatum at

site M sat more than smaller f1sh Their size range was too .
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sl1ght at the other S1tes (Chapter 6) to test for v
di fferences. Hoffman and Stouder (1980) reported that small
Tph Sp. aurofrenatum in Panama fed more rapidly than large
males, but this was not the case in Barbadog.

Small Iph Sp. aunofnehatum (< 120 mm §L) swam less and
fed.more, but the same trend was not apparent in Iph of
other species. Smal] (< 125 mm SL) Iph Sc. taeniopterus -
received more aggression from other Iph. Small (< 190 mm SL)
Tph Sc. taeniopterus also swam less and fed more than larger
fish. So some small fish behaved in accordaﬁée with my
predictions but most did not. .

Time;bddgets also varied 1ftt]e over the day.'* At site
‘M, Tph'Sp. aurofrenatum swam least and fed most in the
MOrning, but showed the reverse trend at site B. Tph Sc.
iserti at site P, and Iph at sfte B, élgo swam most and fed
least in fhe morning. Iph Sc. taeniobteﬁus had most
) 1nteract1ons w1th damse]f1sh in the morn1ng Iph Sc. iserti
at site M 1nteracted 1east w1th Iph, but swam most and fed
least at m1d-day, _

THehe ére few patterns to these diurnal tfme budget
changes. The blenny Ophloblennlus atlantlcus fed least in
the morning when it was often spawning (Nursall, 1981). The
author suggested that suqh diurnal cycles in feeding might
Fedqce.competitibn with other herbivorous species. ‘This does
inoi appear to‘be the casé foﬁ scarids. Parrotfish in the

Virgin Islands hadhlow'feeding}rates in'fne early morning

P R I et Rl

'4Time periods were morning (3 to 5 h after. sunr1se), noon
(B to 8 h) and afternoon (9 or more h). .
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"fsartofi and Bright, 1973)..The food source of parrotfish,
beﬁthic algae, may vary in.quality or abundanqe throughout
the déy (C.M. HawKins, pers.co%m.),~and parrotfish may
allocate their feeding time to reflect this. However,
activity budgets of .the species studied here showédrliffle
change ovér the time span investigafed.

1 tested the effects of occupancy time of Tph Sc.
taeniopter&s and Sp. aurof renatum by correlating occupancy
;n_days with percent of time spent in each activity. If a
correlation wasléignificant I théﬁ looked at individuals -
:that were repeétedly sambled during the study to see if
= their behaviour fit the trend shown by the correlation. .

There were no éffects of'dccupancy\discernible for
established Sc. taeniopterus except that fish'with longer
occupancies swam moré at site M (r = 0.68, P'< 0.05, n =
11). However, Sc. taeniopterus transforming fro@ Iph'to Tph
colours at aIJISites did change their activityvbudgets over
two months. THe time spent swiﬁming increased (r = 0.42, P <
’0.05, n = 17), while cleaning decreased (r = -0.51, P <
0.05). Perhaps the earlymétages of\sex or colour change
cause somg discomfort and”{ﬁduce,fish to solict more
cleaning. Aggre%sion directed towards other Iph increased (r
= 0.49, P < 0.0S’, but seemed to level out after a month.
Thus»ﬁew Tph maies,‘besidgs shifting apart %veb timé,
invested more time in interactions with Iph conspecifics. .
There“wene no trends due to dunatioh of occupancy in Tph Sp.

aurof renatum.

®
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Scarids and labrids adjust their behaviddf rapidly to
new situations (Jones, in press; Warner, pers. cénm.). For |
example, .intruder males shift from sneaking through
territories to\dpenly&displayingawithin minutes of finding
an empty space. Their behaviour is indistinguishable from
that of long-term residents after several.days. Early in
their ;ccUpancy newly arrived maHes spent a greater amount
of time'intéracting with both ‘intruder and neighbour males, -
- but this declined rapidly as they becamé established (Dubin,
in prep.). Newly arrived Tph spawned on their first day in a
territory at'thekoffshore sites. A change in social status
(e.g. from intruder to resident Tph, qr'from Iph to Tph
ma'le) engenders behavioural changés that occur over a short
span of timé, after which behaviour remains stqble.

In summary, fish size, time of day and duration of
occupancy had few effects on act ivity budgets. Some small
fish conserved energy by swimming less and feeding Wbre. A
few species véried their feeding over the day with the least
occurring in the morning. Changesvin behaviouf dge to

‘occupancy occurred relatively rapidly in the two groups

-

‘investigated, and were related to changes in social status.
Scarids are capable of short-term behavioural
transformations when thé Situatioﬁ is favourable.
Activity bﬁgget differences betweeh §i;g§

In order td'determine‘how parrotfishlréSponded to
differing eéologica;chnditions at each study afea, and what

behavioural differences could account for harems and
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permanent territories offshore (sites A, B, P) but
non-haremic, temporary territories inshore (site M), 1
subjected the activity budgets of each species and phase to
analyses of variance for differences between study sites
(Tables 30 to 32). Duncan’'s mUltfpie range tests were used
' to interpret any significant differences found. The percent
of t%me spent in submission was not normally distributed and
was tested for Iph only using the non-parametric
Kguskaf‘wéllis Anova (Siegel, 1956). It occurred foo rarely
in Tph males to be tested. In all three species, Iph fish
performed more submissive gestures at the-offshore sites
than inshore although the difference was not quite
significant. When data for sites B~ and P were Tumped the
differencesuwehe s}gnificaht‘5, indicating that Iph fish
offshore did indeeé spend mqre time behaving submissively.

The activity budget at each sita~for both Iph and Tph
Sp. aurofrenatum is presented .in Table 30. Results from two
patch reefs in Panama are also presented although these were
not included in the analysis of variance. Iph fish at site M
'sat and were chased by damse]fish more than elséwhere. Two
apparent'differences were a result of smail samp1e>size.at
site'A; the five Iph fish were obsérved there 1ateki? the
afternoon, ahd fed less but sat under cover more than
elsewhere. » |

.Both Iph and Tph fish in Panama spent considerably less
time feeding than in Barbados. In Panama,'they ate mostiy

156, iserti X2(

4.3: Sc. taeniopterus Xx2(1) = 4.5; Sp.
© aurofrenatum X2( 5.8;

P < 0.005 in all cases.

JE SN
——
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sed grass (60 - 85 %) and much less dead coral or sand than
in Barbados. Seagrass may be a richer food source than
microphytic algae.

Tph Sp.. aurof renatum in Barbados differed in their
actiQity budgets between areas. The Tph}of Site A swam more
and fed, less than elsewhgre. This did not imply that they
expended more energy; most of the Site A males, which were
larger .than eléewhere (Table 22), moved more slowly through
thé water than males elsewhere, gliding between pectoral fin
f]aps. Site A and site M Tph showed s Simila#ities. and
sat and were chased by damselfish nQre than on the barrier
reef. Males invested differing amount time in N
aggression. Barrier reef Tph attackedAIph more than g}ﬁsite

M, while site A was intermediate. Site P Tph had more

‘aggressive interaction ith Tph males than elsewhere,
‘ ‘E‘ N
perhaps a~héf1ectionn$f‘ e high rates of intrusion there

! (see Figure 14). Tph

, &
other parrotfish (solitary Iph-

Sp. viride) most frequently ate site A.

ﬁééides'feeding less, Panamanian Tph swém more than
their Barbadian Counterparts.‘They investéd comparatively
little time in conspecific intefact{ons,‘but a good deal
more in chasing other species, primarily Iph Sp. | .
chrysopterum and Sp. rubripinne. This was due in part.to the
geometry of the reefs in Panama. Each roughly cjrcular patch
reef was ringed by Tph Sb. aurofrenatum territories, much

‘like beads on a necklace. Each Tph had.only two conspecific

neighboﬁrs\with which to interact, unlike Barbadian Tph who

-
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~were surrounded by Tph (except at Site M). Panamanian

tefritories faced sea grass beds surround1ng each patch reef“

- .‘where the other Sparisoma species were abundant (Rober.tson

A and Warner 1978). and most 1nterspec1f1c aggress1on by Tph
was ‘of Tow 1ntens1ty. | . | .
;; At sate M, Iph and Tph Sc taeniopterus also sat and
were ‘chased more often by damself1sh (Table 31)
Iph- o1rected aggress1on was. more common offshore than at
”fS1te M. Aga1n, Site A was 1ntermed1ate. Iph f1sh 1nteracted
‘with both Iph and Tph most at site P. Unlike Tph Sp.
aurofrenatum Tph .Sc. taenlopterus ﬁbent the’ most time
feed1ng at site A, and more at site B than at Site M. |
Initial phase Sc lserti at°s1te M spent the most t1me
feeding and the least time sw1mmvng (Table 32). Only Tph

were chased by damself1sh more there than at the other

fﬂ;s1tes, the trend for Iph ftsh was s1m11ar but was not quite

. s1gnuf1oant (P < 0. 1). Tph were: aggress1ve to Iph more often: B
- offshore than at Site M, and the d1fference between. Site B
and-Site P was also s1gn1f1cant
Certa1n d1fferences in act1v1ty budgets could be

'xrelated to the dens1ty of damself1sh A1l parrotf1sh were .
Nchased most often by damself1sh at s1te M and next mos t

often at site A, where’ damselftsh den51t1es were h1gh -
T (Chapter 3). Both §c taenropterus anp Sp. aurofnenatum
ispent more t1me sitting at these two s1tes By. remayn1ng ‘

mot1on1ess, they " perhaps el1cted 1ess aggression from

‘damself1sh. B]ueg11].sunf1sh soon hab1tuated to stat1onary :

.:gﬁﬁi7§§ i
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dummies but ccntinued to respcnd"to moving ones (Colgan.and

Gross, 1977) E. planifrons allowed stationary (i.

anaesthet1zed) heterospec1f1c 1ntruders to enter further

into their terr1tor1es than normal mottle cnes\tThresher,

1976b). Isolated individuals remaining immobile, and: |
numerous ones forming large feeding schoola, may be two
<]a1ternate strategies used by parrctfisnkto overcome the>f
: :aggress1on of territor1a1 damse1f1sh

Interact1ons with Iph. f1sh aépeared to separate site M

from the otherns 3 Tpgupf all spec1es were aggressive to Iph

“~and P, but it a]ways exceeded the amount seen at site M.

‘ Fish density tsee"Table 5) had no relation to the amounts of
time spent on aggreaston at any site. Observations on the
.1ocat1ons of Iph d1rected aggress1on hinted that males

excluded extra- harem1c Iph and’ conf1ned haremlc Iph w1th1n§gg%‘_

'*'the1r borders. Since most males at site M lacKed harems,

'th1s beﬁgv1our was less common | |
In summary, var1at1ons between s1tes in act1v1ty

budgets reflected two factors: overcom1ng damse1f1sh
aggre551on in high dens1ty areas, and maintaining a harem.

' - Otherwise fish var1ed little from site to site in their =
activity budgets. | ) |

» _ggglgg behav1our

Parrotf1sh did not appear -to compete 1nterspec1f1callyv

L4

"in Barbadose to. the point of partitioning space (Chapter 5).
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‘Nor d1d any spec1es appear to be much affected by differing
food 1evels Conspec1f1cs showed few. s1gn1f1cant d1fferences
between sites in the amounts of time allocated to feed1ng
(Tables 30 to 32). Iph sc. iséﬁti spent more - ttme feedtng
1nshore at S1te M. Sp. aurofnenatum ‘fed least. at stte A
(although Tow values “for lph there may have been art1facts
of small sample 51ze) Sc. taen»opterus fed the most. there
In order to ‘test whether a specnes grazed on d1fferent
-mtems at dtfferent sites, and whether the spec1es present in
one area showed feeding specja11zat1ons wh1ch m1ght reduce
1nterspe01f1c compet1t1on for food I analysed the percent
of bites made on various - substrates at each site'® for'10
Iph and 10 Tph f1sh (F1gure 34). The data were arcsine
transformed to improve their norma11ty ( Sokal and Rohlf
1969). 1 f1rst tested whether Iph and Tph conspecifics
d]ffered in the percentage of bites o: each of six substrate'
: categor1es sand, coral rubble, dead areas of coral heads,
the dead bases of branch1ng cora]s (i e. staghorn and finger
corals) sponges and other substrates (pr1mar1ly gorgon1ans
and the. t1ps of sea urchtn sp1nes) Only two d1fferences
between _phases were s1gn1f1cant Sc. iserti feedtng on sand
: (Tph_exceeded Iph), and Sc. taeniopterus feed1ng on other
substrates (Iph exoeeded Tph) . Therefore I-combined the
1nforﬁation for "1ph and Tbh— To determine‘whether species
- had d1ffer1ng food habits, and whe ther site affected what

substrate they grazed I perforned a two-way analys1s of

_--__-—__-—-._—-__..

16No such observat1ons were made at S1te ALQue'to time
11m1tat10ns S
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ngure 34. The percent of. bites made on d1fferent substrates .

by 10 Iph and 10 Tph parrotf1sh at each stud it

5-minute observation period. Values are meany_SQSB%durlng :
_conf1denqe_1nterval Branches are staghorn and finger
corals; heads are dead sections of coral_heads.
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variance for each sUbstrate‘category (site by species)..ln
‘all cases there was a significant effect due to‘site;
spec1es feed1ng habits changed depend1ng on where they
/res1ded Species also showed 51gn1f1cant d1fferences 1n the
') amounts of grazing on all food categor1es except "other"
but they did not differ in the same way at all sites (i.e.
the 1nteract10n terms were significant) for feeding on sand
branched corals and sponges. In other words, —no spectes was
locked into an tnflexible'preference for any substrate _
category. Rather, they appeared to feed in relat1on to a
substrate’ s abundance: branch1ng corals and rubble were
grazed most at Site M where they were most abundant (Chapter
3); coral heads were most often grazed at the barrier reef
‘and sand ‘was often grazed at Site B by all bu&\Sc lsertl
| Overlap 1nd1ces (Horn, 1966) calculated between pairs
of spec1es were h1gher for different spec1es at the same
site (0.1. = 0.78 = 0.07 (s.0.), n = 36) than for
conspec1f1cs at d1fferent sites (0.1{ = 0. 60 0. 11 n = 18;
t(52) = 3.0, P < 0.0J) The feed1ng hab1ts of different
‘specjes at the same‘stte had Qore 1n'eommon than those of -
the samefspectes in différent environments; parrotfish were
altering»their’feedjng patterns to graze what was a;ailable,
~and all species.made’the saﬁe‘alterations Some |
1nterspec1f1c d1fferences were noted but they were slight.
Sc. taenlopterus grazed sponges more . than the other spec1es,
~Sc. lsertl was generally the heav1est grazer on sand and |

rubble. Sp. vrrlde grazes sand least of Barbad1an scar1ds

A
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(Fr;dl and Stearn, 1978; Scoffin et al; 1980) . Randall’s
(1967) study on stomach{gdntents showed that the species
‘studied here were ingesting the same algae wh11e others
(e. g Sp. rubripinne, Sp chrysopterum) ate more sea grass.
Jones (1968i“was able to separate 20 spec1es of Pacific
acanthurlds into groups ‘based on their gut morpholog1es
stomach ‘contents and spat1al distributions, but concTuded
that food was not 1)m1t1ng Bakus (1967) estimated that
algae was more than suff1c1ent in quant1 y at En1wetok Atoll
to suppqrt herblvore populat1ons there. g&hlle Choat.and
Robertson (1975) reported some differences in feeding among
scarids in Australia, a complete separation of the 18
X species they studied accohding to feeding habits Was not'
made . Parretfish“cluster into groups of species that have

similar resource requirements, yet compete‘interspecifically

;_ very 11tt1e The group 1 concentrated on: " Sp. aurofrenatum,

Sc. iserti and Sc. taenropterus appears to be such a one;
_1ts members share both the same spade and the same food:
_ While d1ffer1ng denta1 morpholog1es (Schultz, 1958) and =
}feed1ng behavﬂours may reduce compet1t10n between Sparlsoma
and Scarus, there are few inditations of feeding “
pecia]iiations in these species. Competitian for food does
not play a large role’in parrotf1sh behaviour.

Food supply differences between sites M, B and P did
notAaffect parrotfish feeding rates; there were no
significant differences between sites in the number of bites

. per minute fdr any species,(KruskaI?Wallis Anova). This

.s
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L3

N contradicted my ear11er hypothes1s (Chapter 3) that rates
K\ should be lowest at site M where damselfish m1ght d1srUpt
‘ﬁeedlng However, feeding rates of SC taeniopterus. and Tph
'Sc." iserti were more var1able at Site M than elsewhere (F f
Test; Snedecor’and Cochrane, 1880). This suggests that
either habitat heterogeneity (e.g in damselfish densities or
locations of graz1ng substrate) or d1fferences among the
.'fish ‘were respons1ble Size affected feeding rarely, so the
former explanat1on may be more l1ke1y o
Food supply differences in Barbados were not
respon51ble for the behavioural dwfferences between study
‘areas. However, greater food abundance or qua11ty was
perhaps respons1b1e for the low feeding rates of Sp
aurof renatum in Panama. Frydl and Stearn (1978) repor ted
that-Barbadian parrotfish had more 1ndlgest1b1e 1norgan1c
',matfer in their guts than those feeding in Virgin Islands
. eea grass beds.-They suggested that Barbadian scarids |
compeneatedvfor Tower quality food by,ihcreased gut turnover
“rates. Panamanian Sp. aurofrehatum, whieb‘ateumostly‘sea
grass, spawned eyery'day (S.G. defmanl pers. comm.) but did ~
" not in Barbados. Terr1tor1es were a]so larger in Panama.
Thus relat1ve1y large d1fferences in food supply could
" affect the amounts of time that parrotf1sh allocate to
social interact%ons,_sbatial defence or spawning.
Rggrbductign | |

~ The information presented above suggests that-

\J N

S

parrotfish competed interspecifically neither for food nor
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for space, an& that the type of coral cover, the abundance
of food, and fhe density of damselfish competitors had few
effects‘on so#ial 1nteract10ns Most of the differences in
social organization betweeh study areas cou]d in fact, be
_'related‘to reproductive activity. Parrotf1sh inshore et site
M spawned rahelyi They did so regularly of fshore (Table 33):
Site P was the favoured location for group spewnihg by Iph
4(and'§ome Tph) Sc. iserti. Large groups cOngregated onvits
nOrtheaet s]ope and were seen nearly every day; Pair
spawhing by Sc. taeniopterus and‘Sp. aurof renatum was also
most common there

Each spec1es had spec1f1c spawning t1mes at the.
offshore sites (Table 33)..Spawning inshore seemed to be a
»chanoeheventﬂ un]ike‘the more predictable synchrony of
reprodoctive activities offshore Spawning was seen in all
months of the year,_and at all phases of t”e moon , although
not every day. | ‘ '

Fish co]lected inshore at'site M were not'sexual]y.'
‘inactive (histological criteria of Warner, 1975a) . Tph males
hadbfull eperm ducts and Ioh females showed active
" vitellogenesis. Some of both sexes showed signs of recent
spawning. Given the relatively low costs of producing sperm,
Tph ma]es may always keep ripe sperm on hand, even when
their 1mmed1ate mat1ng prOSpects are dim. The fact that
intruder males spawned on their first dey in a vﬁcated
\terrﬁtoryvindicates that males may be alwayé!preparéd to |

spawn. The rarity of spawning at site M, and the transience

i : ~
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Table 33. Number of days on which spawning and courting was
' observed per 100 hours observation, time during each
species’ spawning period, and earliest and latest times of
day that reproductive activities were observed.

Site M Site A Site B SiteP

" Sp. aurofrenatum: ‘
Pair spawn 22.4 -38.5  41.0 48.5

Earliest- 1200-- 1650~ 1610- 1610 -
Latest (hours) . 1740 1807 1745 1825, .
Sc. taeniopterus: : ' L.
Pair spawn 8.1 58.8 75.0.- ~ 93.0.
‘Earliest- 1035 0558-  0700- -0634
Latest (hours) 0748 1005 -~ 1035
Sc. iserti: ' L e
Pair spawn : 2.1 ND - 8.8 .- 8.2
Group spawn 0.7 ND 6.6 - 15.5
Earliest- 1550- ND 7 1100- - 1340-.
Latest (hours) 1645 - ND . 1705

1700 -
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of much of its population hint that parrotfish were
exploiting the abundant food inshore, and migrating

elsewhere, probably offshore, to spawn.

~

F. Summary and discussion

High densities of the damselfish E. ;Lanifrons do
affect parroffish behaviqurs: many sat and were chased more
by damselfish at sites A and M. However, these differences
_did}npt:account for varfability-in social strhctdres. A lTow
'fgequency of ihteraétions between Iph and‘Tph fish of al}

three species did separate site M from the others.

Iph directed aggression may be central to formation of a
“harem. The actual mechanism by which it works is unknown.
Jones (in press) found that Tph male Pseudo]abrus cel idotus
" which interacted aggreésively more often with Iph fehales had
greater spawning success. Tph of all species were not “
herding Iph fish back inside their border: us does Labroides
d?midiatds_(Robertson and Hoffman, 1977). High levels of

aggression against Iph fish that“afe on a Tph male’s bordef™

may teach Iph residents, by negative reinforcement, to avoid
borders, so that they remain within their Tph's territory. A
study on the levels of aggress1on against Iph fish at
different distances From the Tph territorial border using

~ Iph dummies® or the mode 1-bottlie technique (Myrberg and
Thresher, j974) would be very useful in determining how
proximity to a border affeéfs responses té Iph. It would'be

even more interesting to present. Tph males with Iph fish
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' .
from their own, neighbouring. and strange haEems
(e.g.Thresher,‘1976b) in order to test whether Tph respond
di fferently to familiar aﬁe unfamiliar Iph. It is possible
that Tph males behave more aggressively to,ﬁeighbouring or
strange Iph, than to their own.

The difference between sites in. time alloeated to Tph
aggression is not so clearly related to harem ;?rmat1on [
Aggression levels were relatively high at site M in Sp.
aurofrenatum probably because the temporary males were
always establlsh1ng new borders. JIntrusiens by unknown Tph
may have increased the amount o} Tph-Tph aggress1on at the
of fshore sites.

Species did not show clear preferences for particular
grazing substrates. Overlap.in food was high, particularly
between fish.inhabiting the same locations. Parrotfish
ehowed flexibility in»Feeding, and did not appear tovcompete
interspecifically for food.

Spawning occurs rarely inshore, bu regularly offshore.

The differences»between insﬁore and of fsho areas in social

systems appear to reflect these d1fference‘ repPOduct1ve

activity. Lack of Iph harems, loose pacK1ng of spacéiﬁ |

transient populat1ons and little compet1t10n for terr1t0 é

was a sub-optimal location for brbadcast1ng eggs




~VII1. General discussion
Pérrotfish social organization clearly varies between reef
areas. In this section I will discuss what ecologial #%5toﬁs
may be responsible for such dffferences. and how each
species copes with its complex and 'variable environment. My
results will be cons idered in the light of recent arguments
on how reef communities are structyred (e.g. Sale, 1978b; "
Smi th, 1978). 1 will also consider how social systems
contribute to population stability, and suggest some avenues
for future research.

Differencés in ecological_variables'and in parrotfish
social systems between study sites are summarized in Table
34. At offshore gﬁeas in Barbados, Tph male parrotfish
formed a mosaic of coniiguous, permanent territories that
were much jn dgmand. Iph fish lived in size-dependent v
dominance hierarcﬁies there as members of a harem. Fish
spawned regularly. At one inshore locétion, a radicqlly

. different pattérn was seen, with Sp. aurofrenatum‘departing
most from. the harem1c system, and Sc.’taeniopterys the ]
~least. Inshore, Tph male Sp aurofﬁenatumxheld sh1ft1ng N
territories for-only a few weeks, and harems were not

‘ formed The 51tuat10n was very similar in Sc. rsentl

although a few males appeared to be intermittent res1dents =
for-up to a year. While some SC. taeniopterus males were
long-term residehts that perhaps had harems, others remained )
temporarily, and lacked harems. Several ‘common threads ran
through the social systems of all three species living

g
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. Table 34« Summary of différencés-betwéen‘Study"aréas.in

ecological variables and panrdtfish,soc§a1_§ysgfms.

. Site M

P

v'wSite Ao

1

‘?-Site B ‘ 2

Si‘t;éj,P‘ |

:fEco]ogiCa],Variablesf

 Food:
" Supply -
‘Distribution ‘Patchy

" High
g

CO;;j*COVeP; 5

rubble

Damselfish density:

High

- Spawning suitability:

- Poor

. Social systems:

.Presence of harems:

- .None '

Type of Tph tefritoriality:
: ~ "~ Temporary,

shifting

*FreQuency'of‘intrudervaﬁi

Rare

SpaWﬁingnfrequenCy:
’ ' : :i Rare

Siagﬁorn o
finger &‘~

T

Low

Stédhorn»
finger &
rubble ..

~ High

'.‘Good

 Yes 2 -

Common 2

Regular 2

Patchy L

 Good

Permanent,
probably .2 -

O

. N

Even

'Scattered.

heads &

‘fsand :

~Low

s

Yes

Permanent

Common

‘Regular

Médefate -

Regular

vLow‘?
. Even

;Scattergd‘
- heads &

sand

Low

'Good'

Yes

. Permanent

\

Cdmmon

harems ™ ~

2 No data for Sc. Iserti.

"1 Some Tph Sc. taeniopterus are permanent and may possess
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inshore:,space was not at a premium, and spawning occurred -
. . '< BN R K : B

rarely .

SpaWn1ng site. su1tab1l1ty, measured in terms of

prox1m1ty to offshore waters,lréef s lopes and

-

‘larvae reta1n1ng gyres, appears to account for these :

‘differences. Harems, permanent terg N i

intruders were. found wherefspawlf”
were not restr1cted to areas w1th part1cular coral cover

Parrotf1sh at site A wh1ch had branch1ng corals, and at

As1tes B and P, which had hem1spher1cal coral heads, had
s1mllar soc1al systems L1Kew1se, the temporary, sh1ft1ng

Tterr1tor1es at s1te M were found over branch1ng corals,

small. Knob l1Ke coral heads, and rubble ‘While reef

structure may affect the conf1gurat10n of terr1tor1es -

' adJo1n1ng terr1tor1es of Sp. aunofrenatum formed a ring

4

around patch reefs in Panama - it does not alter the basic

plan of permanent terr1tor1al1ty and harems Parrotf1sh do

f_ not defend shelter s1tes They requ1re coral shelter p

overn1ght yet their terr tor1al1ty breaKs down before)

_-sunset wh1le cover;seek1ng occurs (Dub1n and Baker, 1981)

Damselfish, pr1mar1ly Eupomacentrus planlfrons were

not respons1ble for the differences between 1nshore and

| offshore areas. The1r dens1t1es were high at two areas with

d1fferent soc1al systems (Table 34). Their. terr1tor1al1ty

l'and abll1ty to exclude Iph flsh may have been stronger

1nshqre thus prevent1ng Tph males from ma1nta1n1ng harems

.1n zones with. numerous damselftsh Yet males st1ll occup1ed

Ca
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such zones, rather than move 1nto lower dens1ty areas where
harems were. also lacking. While- f1sﬁ dwe111ng over areas.
‘~w1th many E. planlfrons at both s1tes showed sone

’ behav1oura1 s1m1]ar1t1es, such?:c spending more time s1tt1ng
and being chased by damse]f1sh thbse behav1ours did not
play a central role in harem formatqon or permanent
'terrltor1a11ty |

. _ The effects of damself1§h aggress1on on feed1ng seemed
to be slight. Only Tph Sp. aurofrenatum and Tph _Sc rsertl}‘
.spent less time feeding'when attacked'often by damse1fish. ;
'The a111an%ps formed by both spec1es may serve to overcome

) damseltash aggression. Feeding rates ‘at site M, while N
Asometlmes more var1ab1e were not c0n51stent1y lower than
e]sewhere Some sol1tary parrotf1sh dart1cular1y Tph Sc.
taen iopterus Tph Sp. aunofrenatum Iph Sc. vetula, .and Iph
Sp vrrlde would feed without 1nterrupt1on for extended
periods of time on‘damself1sh a]gal mats. S1tt1ng st1]1 may
"dupe"'damse]f1sh and allow parrotfish to feed w1th1n their
7terr1tor1es dudglng from the number of parrotflsh that held
space in areas w1th h1gh ngself1sh densities, the rewards

of occas1ona1 feed1ng on therr a]-al 1awns must exceed the

'nu1sance ofvthe1r attacks
My results show that terr1tor1a11ty by Tph parrotf1sh
does not funct1on pr1mar11y to defend a foad supply,

although parrotf1sh obviouysly must meet their nutr1t1ona1

'requ1rements w1th1n their terr1tory borders Except in'Sc.

iserti, the effect of fwsh é}ze and food supply on home

-
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range'size was not consistent with that expected for feeding .

territOries intruders were‘least COmmOn-at'the"site where .
 food was m8st abundant yet they vied for space 1n areas _
with less food (Table 34). Some parrotf1sh at svte M perhaps
freSponded to patch1ly distributed food by us1ng space o
inten51vely,‘but this should not have prevented Iph and Tph
1nd1v1duals from overlapplng in space, i.e. from forming .

harems. " B =

~

'thaining food ‘was nevertheless important, particularly

for the temporary'populations at Site'M Loose, -
~_‘hetégospec1fic feed1ng assoc1at1ons were most common there

‘Many of the Iph Scarus collected inshore showed signs of
recent spawn1ng, and perhaps m1grated regularly to spawn
_offshore returnlng inshore to feed (Randall and Randall
1963; Barlow, 1975' Colin, 1978) Small Tph males, incapable

- of hold1ng terr1tor1es offshore may eXplo1t the abundant
food levels inshore where they can grow rap1dly and reach

' more-compet1t1ve sizes. Other larger males may be forced

i there after losing the1r terr1tor1es elsewhere Tph sc.
'lserti in Panama which lack spawn1ng terr1tor1es invest
their t1me in growth and feed1ng (Robertson et al. 1976
Warner and Downs,.1977) dones (1n press) noted that Tph

3

Pseudblabrus Celfdotus sw1tched between temporary

territories 1nshore and 1ntruder l1Ke behav1our 1n deeper, :

more favourable spawn1ng locat1ons Ftsh at s1te M behaved

t51m1larly, explo1t1ng the abuggant‘food 1nshore,only‘long

enough to recoverwtheirkgitength,Treplenish‘spent-gonads; or

o~ - 247
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grow to a compet1t1ve s1ze
~ Robertson and Warner (1978) may be qu1te dprrect in
sfat1ng that permanent terr1tor1al1ty is poss1b1e in scarids
only~because benfngc algae are a'predictable and defensible
resource. vaiously,«if food becomes too scarce,
territoriality will not be economically feasible (e.g.
Carpenter. and MacMillen, 1976). At the natural levels
encountered in this study, food could not explain the switch
between haremic'sy$tems offshore, and non-haremic ones
inshore. However;‘if may affect certain non-critical
parameters of soc1al organ1zat1on Tph males may expand
their territories if r1ch food is added perhaps 1n order to
.’~1ncrease their” harem size (Hoffman and Stouder, 1980). It
;;w111‘bexespec1a11y 1mportant to look at parrotfish behaviour
'.Lon deeper reefs where foodﬁgay be scarce, and at offshore,
shaTlow areas‘where both high levels of food and good
spawn1ng'sltes>are present.

How parrotfisn-themse]vesidetermine an area's
‘sgitabi]ity as a spawning site is'unKnown. fhey;can perhaps N
sense oceanic waters and currents. Tradition may aJso‘pJéy a
role. Some;spawning lopatiOns persist over long perioég'of |
'Iime‘(erg. Colin and.Clavijo, 1978). Proximity to reef
'slopeSaappears to be a factor as well. At Sife M, the few
Tph males inhabiting the of fshore slope (Figure 3) had the
1ongest durat1ons of occupancy, and performed over 50 % of_.

1}the spawn1ngs Water movements near reef slopes.may be

_fconduc1ve to let1ng eggs off theAreefn Whether fema1es

: @ " ; i . s . ) . .
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or males choose pnime spawhing areas (e,g; Jones, in press)
is unknown. The actlve role that Iph play in

soliciting and 1n1t1atwng the' spawning 1eap h1nts that they
make such cho1¢es The ex1stence of. wander1ng, ripe Iph Sp.

aurofrenatum offshore. and of ‘border defence by all Iph

: ﬁemales suggests that compet1t1on among Iph females for

~ space does occur . Buckman and Ogden (1973) reported that

surplus yellowfin Sc. lsePfl rap1d1y‘ref111ed vacated

terr1tor1es o R e |
Thresher (1979a) suggested that male Hal ichoeres

macul ipinna defended Iph females as a resource. Male

parrotf1sh may behave s1m11ar1y At the offshore sites,

intruders were more common, and res1dents terr1tor1es were

smaller where Iph densities were higher. It'is difficu]t to .

i} e
separate cause and effect here, but Tph males may expand

their territories where females are less abundant in order

to ga1n more mates. e

The probab1l1ty tHat an Iph fish is female may 1ncrease'

its value as a defensible resource. Thgs, in Sp.

aurofrenatum where Iph males are rare (Robertson and Warner,
18978), Tph males have a very h1gh comm1tment to border

defence. Tph Sc. iserti face the problem of Iph populations

msu]]ied'by numerous 1° males. This may'make.lph females less'

- defensible, and may account for the tolerance of Tph males

~ for over]aptw1th others. Energet1c constralnts may also be

) operat1ve 1n this species. SC. taenlopterus with fewer 17

t‘males than Sc, lsertd, is 1ntermed1ate Un11ke its congener,'

R

o
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Tph gc taeniopterus allowed little overlap-with other'males“

and actively defended their borders but spent less time:
chasing males than Tph Sp. aurofrenatum \

‘ The connect1on between social system and sexual
structure of ‘a species 1s still not completely clear.
Certaln of my results support the hypotheses of Robertson

~ and wahg@r (1978). For exampleg_SC. iserti, the most
abundant scarid, has the most 1" ales, in: accord w1th
Warner and Hof fman! s (1980a, 1980b) predicted effects of.
.populat1on size on Iph male success Also Sp aurof renatum
‘males ‘ranged more w1dely in size at site M, where the soc1al

, system was. looser However my results do- not support

Robertson and - Hoffman s (1977) view that sexual d1chromat1sm'

is pr1mar1ly a result of malesfemale 1nteractlons Males of
,all three spec1es intensified their colours dur1ng
interactions with other males yet\mere somet1mes .
dull—coloured.durnng spawn1ng I expect that the1r‘bright -
colours can\have mult1ple functions.

A harem1c soc1al system does not always result 1n

' monandry (see also Thresher, 1979a). The three spe01es _~ﬂe

studled here had basically similar harem1o systems offshore,j

vyet one. had numerous Iph males, one had moderate numbers,u.

~and one had almost none. Monandrlc, strongly haremlc specwes7,’

(e g Labrotdes dlmldlatus or ‘Scarus nlger) and‘d1andr1c (

"Jlekk1ng ones (e- g Thal assoma b:fasc:atum or- Scarus fasc:atus’

- Robgrtson, 1972; Choat and Robertson, 1975 Warner and

‘Robertsom, 1978) are extremes along a cont1nuum w1th much

p:ﬂ i ’_lv .v:,',
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w‘room for variation in between These authors'are no doubt o
correct about what happens at either- end of the ser1es, but
we.requ\Re much more information about the m1dd1e reg1ons |
“(lﬂy results do not ‘)port earlier arguments that
'different food sources or feeding strategies account for
soc1a1 behav1our d1fferences between Scarus and Sparlsoma
(e.g. ItzKow1tz, 1974; Barlow, -1375). Although Scarus fed

more rap1d]y, and in a d1fferent fash1on than Sp.

Aaurofrenatum. they grazed the same substrates Desp1te these

\feed1ng d1fferences ‘all three species stud1ed ‘here had
51m11ar soc1a1 orgaﬁ1zat1ons offshore Iph Sp. aurofrenatum
‘were more sol1tary than the other species, but th1s cou1d~

: _reflect its lower popu]at1on size rathgr than a dlfferent
d1str1butlon of food Iph Sc. taenioptjlus were most '

vsol1tary at’ slte P where they were least abundant, and the

- same trend he]d for Sc lserti at site A (Table 5, Appendix -

‘1F) Other Sparisoma spec1es (e g. large Sp v:rrde, Sp

"7rubniplnne) regularly form groups, .

‘That males defend spﬁce pr1mar11y for spawn1ng purposes

"exp1a1ns 1n part why several spec1es ‘can coexist peacefully
;'Each spec1es aggress1on is d1rected towards conspec1f1cs,

.most of wh1ch are harem mates or compet1tors for mates

'verather than for food or. shelter. Bes1des the obvious

.advantages of rema1n1ng on. fam1l1ar ground fish probably

| ﬁh_ﬁstay on the1r terr1tor1es on a Fuil time ‘basis because of

"‘“the 1mmense threat from 1ntruders,'ready to 1mmed1ate1y fill

;vacated terr1tor1es T became aware of these costs in early

REENRE £ R R
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1977 after I inadvertently deprived-several Tph Sp.

aurofrenatum residents of their territories by holding them

in traps for several hours. Despite violent battlés with the

RS T

intruders that had claimed their territories in the

meantime, they failed to regain them on release. Space for

rir e s

shelter or obtaining food, while it must eventually limit
parrotfish p0pu1atjons,.may not be saturated on reefs
(Rober tson and Sheldon, 1979; Robertson et al.,- 1980).
: Differences in spawning times and site attachment méy.
explain why the three species‘studied here did not respond
in identical ways to the environmental factors at'each site.
Sc. taenlopterus varied 1east between inshore and offshore
areas. In Barbados, the Scarus species mlgrate regularty to
night-t1me sleep1ng spots, whiPe Sp. aurofrenatum does not
(Dubin and Baker, 1981). Since Sc. taeniopterus spawns in
the early merning, males holding,day-time,territories" o : ;
ieshore coutd spawn near éheir offshore sleeping spots -
before returning th the morning. The fact that males at site
M returned‘later in the morﬁing than oftghore htgrators, yet
had-migrations that lasted as‘long[<support5*this view.
Given the variability in mating systems Knoﬁn for Sc.' o :
~ jserti, it is pOssibte‘that leks existed on the deep barrfer
’vfreefywhere many:site Mvmales siept. Sc. taeniopterus mq&%&_\ ,
a; séﬁthﬁ;'be Iess cOnstrained than the other species to battIieé
“for space offshore | -

The information presented here can ne1ther conf1rm nor

‘\{]
d1sprove the views of reef commun1t1es as b@gag structured
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by classical niche specialization (Smith, 1978), or by
+stochastic pﬁbcesses (Sale, 1977, 1980) . My Qbservation that
maost jdveni]es récruit'inshore, while reproductﬁqp takes
place dffshoré, supports Sale’s asserf1on that local
récruitment is ihdébendent of the EeSfdent community. The
fact that Sp; viride and Sc. Vefula differed in distribution
from the species I studied intensively, would seem to
support the classical view. The coexistence of Sp.
aurofrenatum, Sc. taeniopterus, and Sc. iserti is more
difficult tofexpjainxohfthe basis of classical competition
fheofies. Thg\fact that each species’ dénsity varied in a
different‘fashioh from site to site points to subtle |
ecological differences between them. Sc. taeniopterus may
replace Sc..isefti on deeper reefs ( > 15 m) in'Barbados.

and was very uncommon in Panama. However, no species showed

. strongly contrasting associations with particular substrates

or\Food categories, Each species a]located”different amounts
of time to its activities. Thus they are neither
eco]ogically eqUivalent, nor nafrow]y specia]ized. Arguments
that predation or particular resdur§e utiliiation’curves may
allow competitively similar species to coexist (Roughgarden,
1974; Roughgarden and Feldman, 1975) remain to be‘tested,-I
‘suggest that»coexistence of these species is possible
pecause\food levels are more than adequate to meet their
needs, and space for bepPOduction is Eesfricted only fo
other cohspeoific;.. }‘

Territoriality does appear to keep parrotfish numbers

.
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stable (e.g. Krebs, 1971). The numbers of Tph males in the

“

three species studied here varied more over the year at site.

M, where terrjtdries were fewer and less exclusive, than at
the offshore sites (average coefficient of variation inshore
= 73.8, offshore C. V. = 38.1; Sokal and Rohl1f, 1969). This
difference d1d not appear for Iph f1sh which are less
defen51ve,of space than Tph ma]es. The fact that Iph of some
species increased in number between study periods indicates
that their populations are less tightly constrained. Other
factors such as recru1tment and emigration also contr1bute
to population’ stab1]1ty. |

In general, the role of female behaviour in population
stability and sociattorganization is poorly understood. - The

functien of their aggression towards other females of

‘similar sizes is not clear. It could reflect defence of

food, but this seems unlikely considering how slightly food
SUppty affected other espects'of parrotfish behaviour.

Interact1ons between Iph and . Tph appear to be impor tant 1n-

L)

harem ma1ntenance but for no s1mple reason. Males were not .

just herding females back inside their borders. A future
study should concentrate on the behav1our of females in

harem groups. Improved long-term tagging methods would allow

| better dissect1on of their social interactions. Additions

and removals of Iph fish could test for both Iph
territoriality and the effeets'bf-lph:density on Tph"-
behaviour. Whether harem members recognize neighbours and

extra-haremic individuals should also be tested (e.g.

~ )
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Thresher, 1979b) .

S1ze appears to affect both Iph dominance and Tph
success. It is often assumed that large males are more
successful than small ones (e. g. Warner 1975b) . My study
reveals that fhere are also pena1t1es for be1ng too big. Sp.
aurof renatum on the barrier reef was restricted to the
middle size ranges“even though both Jarger'and_smailer males
,existed,elsewhere{ Perhaps-ag essive'displays become costly
for large fish. The little time spent in aggression by the
large males at site A support th1s view. Many fish species
devote little tlme to aggress1ve act1v1t1es, probably
because of their high costs (Leum and Choat, 1980; Nursall,
1981; Jones, in press). The -relatively large ahodntskef,time
that barrier reef males spent invegéression could,have Kept
thei growth rates low. Transfers. of large and 'small males
“to experimentally emptied territories at the barrier reef
might test the effects oF size on successful territory |
defence. ‘ ‘ . ' X -

Intruder males are a class of parrotfish that also
| require further study. The lenéth of time speht in this
state, the range of the1r movements, and the size of each
species 11ntruder poo arerunknown Repeated removals of Tph
residents m1ght indicate the exteht of the intruder
poputation. It wou]d also test whether first-come intruders
are more capable of holding on to’ territories than later
ones, i.e. whether a certain apprenticeship as an 1ntruder

is necessary before males can defend space. In my 1imited

~
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removal exper1nents 1ntruder 'wh,;QWWiVéﬁ.

males in the first experiments. The cues tha& 1nfopﬂk ‘ 'ﬁfx(
- intruders when a space 1s ‘available are also unkndwn,ybut ﬁk'“
the behav1oura] sthch from sneaking through terr1tor1es t

e L g
display in an area if they have not been attackedﬂafter | gt

RS
certa1n lapse of time. This short-term flexibility applies *

efen patrolling is very rapid. Perhaps intruders begin to 'fggﬁ;gf S

to labroids undergo1ng sex change as well (Robertson, 1872,
1973). B

Flexibility is a general mark o? parrotfish behaviour.
" Iph Scarus can mass in schools, join loose feeding
associations, or be territorial. Iph Sp aunofﬁenatum can
~have both t1ghtly 51te,attached and trans1ent members Somev ' : %
hScaPus apparently judge their territories’ suitability for
niéht-time cover, and commute regulerly to preferred
sleeping Spots»(Dubih and Baker; 1981). Tph Sp. aurofnenatum” §
cén form alliances in areas where spawning is not a-regular |
occurrence. All the species,studied here can alter their‘>
grazing habits to match local availability. While some of
these trends reflect life history stages, others eme
adaptive responses to the environment. Spawningvsite )
suitabi'lity, rather than shelter, eompetjtofg or food supply
appears to be the major detehminant of these species’ sopialu

systems The surpr1s1ng result is the1r relative

1ndependence from the resources that are traditionally

~assumed to be crucial. The belief that food or shelter must

=4
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imit numbers ma;y result from the proquion of ecological -
‘.~:’:dies that deal with animals living in seasonal |
H ;.{.\’#nvinonments. particularly birds. with young to feed. As Sale
(op. cit.) has argued, coral reefs may.ope "’te under a

. somgwhat different sset of constraints than other eco’syste‘ms~

F ‘ IF% .
" While a compromise view may event‘aally be reached, the

controversies that precede it will extend %ur understanding
of. ecological'ﬁpfinc-iplés as a whoTe. ‘and théir inf)-act on
, : .

social organization.
. ' -
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Appendix 2. Cemputer maps of parrotf1sh .territories and
| home ranges in. 1978-9.

0ffshore’ (west) end points . to the left. Un1dent1f1ed
1nd1v1duals are denoted by letters. Ind1vidua]s that were
1dent1f1ed are denoted by numbers ‘The pos1t1on of the

: individual's number or letter within the study area ‘
1nd1cates a 6 m? sub guadrat wh1ch the 1nd1v1dua1 entered at
least once during activity budget sanp11ng (see Chapter 2)
Overlaps where two or more fish used the same quedrat are
Asgpwn by writing the'individgals’ nnhbers or_]etfers aone_’

one another Ore51de»by side.
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_ ) . )
: SITE: W SPECIES: SP. AUROFRENATUN PHASE: TPH 'DATES: 18/ 7/78 10 28/ 7/78 .
. INDIVIDUAL DATE MINUTES WATCHED AREA ENCLOSED (5Q M )
. .
N . : 1 LU 1/78 . vee 196
= N 19/ 1/18 . [T 256
. . 2 19/ 1/78 . see 73 .
' o 18/ 1/78 o 1.8 208
. 3 22/ 1/78 Ceen 183 : N
: : 217 1/18 . 247
. 24/ 7/78, : 316
— h
4 21/ 1/ (334 . 152
. ) : 217 1/ ses . 76
> g t9/ 1718 e T aan
K3 18/ 1/78 12.0 128
) . 28/ 7/78 ves 370
P .
. 7 2v/ 1/78 < aee 217
. 22/ 1/78 Cese LT
s 28/ 1/18 4.5 . sou
o [ 28/.7/78. 7.0 . .. .eee
10 22/ 1/78 see o 144
24/ 1/78 e ™ 114
. .
. 4 ) ,
/‘ - .. ‘ ) . '
E SITE: M SPECIES: SP. AURGFRENATUM PHASE: TPH OATES: 18/ 7/78 T0 28/.7/7%
' ‘ . ' o
LTSS
. .
4 4 4 3
4 4 4 4 |
48 4 4 [
44 4 T 1 1 1 1t
|l &e a4 o 4 LI S B A T 7
1 "7 .
‘ 4 a s PIEEE 2N 2R 2R T K S S A A
[
«/ 4 4 4 10 10 7 1 w1 1 1 ot ov 7 ¢ &
B . 1 T v 7 7
¢/ 4 4 4 10~ 10 o7 R 2 T A N | . .
B 1 1 1 7
4 4 10 10 10 10 2 T 2 T S B B e s )
10 10 .1 1 6 1
a4 1o 100 2 2 2 T 7.1 71 1 1 116 & € [ [y
10 10 o o
- 4 2 2 2 t0 2 2 1 7 1 71 7 » ¢ 8 6 6 &
0 10 10 2 10 1 1 7 .
2 a2 2 2 wea 1 71 4+ 71 1 71 7T &8 .
10 10 i .
a3 3 a2 2 2 2 2 10 1 7 1.1 1 6 e ¢ &
4 2 2 10 0 t 1t
33j9 3 3 3 2 & 2 2 v 1 1 v 1 1T T 7 6 8 8 6
4 10 7 1 o -
33l 2 a 2 2. 2 3 @2 '+ Vv 1 1 71 ¢ & 8 6
. . 0 10 7.1 0 T
33j 3 3 a 1 a2 2.2 ‘2 ‘2 ¢t v v .1 1 7 ¢ 6 6 6 .
. 10 10 . 7 7 <
23l3a a3 3 a3 2 2 2 2 2 T T 6« €
. . 10 10 R .
333 3 3 "2 3 2 -2 2 10 t0 1 1 o 6 ¢ c 8
10 1
33| 3 3 2 2 a2 2 10 . T 1 e ¢ 8 [ .
aafs 3 3 ® 2 3 2 1 ¢« ¢ & 8 % e . ¢
133 23 w v 7 & 6 & 6 8 . 6 6
333 3 2 0 10 10 ] € 6 6 6 & ¢« & 6 6 & 8
6 : : o .
3] a 3 10 10 10 10 & 6 ¢ 6 € ¢ 6 ¢
13 3 3 3 9 10 9 9 10 10 6 6 6 ¢ 6 _6 6 & 6 6 6
3 3 . s ® 9 9 9 [ 10 10 to C 6 & 6 6
. s 8 8
3y 3 [ 0 10,10 10 s & 6 8 8 8 6 &
’
N
™~



17
17
17
17
1717
1717
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SITE: M SPECIES: SP. AUROFRENATUM PHASE: TPH DATES: 12/ 1/79 TO 15/ 3/19
' INDIVIDUAL DATE KINUTES WATCHED AREA ENCLOSED (50 M )
17 8/ 1719 10.8 100 :
18/ /19 17.8 170
. 1 12/ 1/719 8.0 128
18/ 1719 18.3 276
19 12/ /19 1.8 1]
. - 10/ 1/19 9.0 118
: 21 1o/ /18 11.0 167 '
10/ /19 15.0 134
23 10/ /719 ‘4.0 148
10/ /19 14.0 131
2% 12/ /19 15.0 34
11/ 1/19 18.0 16
26 12/ 1/18 17.8 181
1o/ /19 15.8 ' 409
.
28 11/ 1/19 16.0 6%
18/ 1/18 15,8 23
20 18/ 1719 -18.0 237
. 1s/ 1/18 . 18.0 167 :
.
SItE: SPECIES: SP. AURDFRENATUM PHASE: TPH DAVES: 12/ /79 TO 18/ 1/78
30
: G M
18 4 18- 18 18 18 18 8 18 T, 28 29 29 29 39 28 29 20 29
T 18 18 t8 18 18 1 : 29 29 29 299 29 29 29 328
18 18 48 18 18 18 18 18 18 a8 28 20 28 29 20 29 20 29 23 29
6 18 18 (8 18 18 18 18 18 26 20 28 29 29 29 20 29 29 29 28 29
5 48 18 18 18 18 18 18 18 28 28 20 29- 28 29 29 29 28 21
17 17 17 18 1818 8 8 28 28 323 38 28 20 20 20 29. 29 H
28 .
1747 0T 4T 47 18 18 48 8 8. 28 28 328 28 23 28 20 20- 29 20 28 39
) 1 B 18 g
17T 1T T 47 18 i 1B 18 18 8 28 28 25 28 28 2% 13I8 20 29 28 29 21
3] 18
17 47 1T 37 e i8 18 18 16 28 28 26 28 28 35 28 20 20 28 29 21
) . ) 28 28 2%
7 17 17 a1 w1 18 18 as 28 23 193819 28 28 26 29 29 20
25 35
17 87 1T a1 17 0 18 28 26 192819 28 2% .29 29 29 21
. 25 2%
PR ZNET S BT AN Y B k) [T JT] 26 | 19 18 25 25 .
25
(LR NS B T AT AL K1) 26 26 25 19 25 2% 24
. FLEET!
17 7 4T 71T 18 18 26 26 26 19 19 25 2% it 2
. . 25 2% 21
17 47T 11w 18 18 36 26 26 26 26 26 19 19 28 28 23 21
. 28 21
[ IR 18 26 26 .26 26 26 192819 25 28 23 23
. 26 26
171 . ts 26 26 26 19251928 28 23 21 23
A 26 26 26 21 23 21
8 18 26 26 26 26 26 19, 19 19 26 23 21 23 )
. R 26 26 126 23 23 23
18 26 26 26 26 26 189 19 19 24 23 2¢ 21 21 23
26 26 18 21 23. 23 23 2%
26 26 26 26 19 18 36 2¢ 21 23 21 21 21 23 23
- 19 19 . ;2% 23 23 21
26 26 26 10 26 26 21 24 23 21 2t 23 22 2
19 19 22 23 21 2 23
26 26 26 36 19 26 26 21 21 21 2% 21 23 23 2121
R 19 19 19 23 23 2y 2%. 2t 2% 20
2€ 26 26 26 26 26 21 2% 21 2t 23 23 23 22 2%
19 49 23 22 2v 21 21
26 26 26 26 26 26 19 21 2% 21 21 23 23 23 N
19 19 23 23 21 23
26 26 26 26 J6_26° 19 33 21 21 2% 2% 2% 23 21 23 23 23 23
B ; FXE
26 26 19 19 2y 21 21 2% 2y 23 23 23 23 23
19 21 321 21 N 27 23 23

23

23



v/ 3/‘19
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SITE: M SPECIES: SP. AUROFRENATUM PHASE: IPH DATES: 30/ 1/79°70
INOTVIOUAL DATE MINUTES WATCHED AREA ENCLOSED (SQ M)
] 12/ 2/79 +10.0 44
31/ 1779 ' 12.0 120
. 30/ /79 10.0 a8
2 13/ 2/78 i8.0 60
3t/ /79 10.0 €7
30/ /79 1.0 104
3 12/ 2/7% 10.0 [1}
' Ao/ /1% 1.0 66
4 13/ 2/79 18.0 84
12/ 2/79 11.8 72
: [ 137 2/79 11.0 21 :
12/ 2/79 1.8 ° 87
[ 158/ 2/79 15.0 . 26
T 18/ 2/78 16.0 110
7 8/ 2/79 16.0 [:1)
14/ 2/79 16.0 119
[} 14/ 2/79 1.8 80
1/ 3/79 5.5 101
~
[ 16/ 2/39 10.8% 58
.
A 13/ 2/79 4.0 H
[} 12/ 2/719 $.0 47
SIVE: M SPECIES: SP. AURCFRENATUI. PHASE: IPH “DATES: 30/ 1/78°70 . v/ /70 |
: : 30
- so.M
.
A
. A
A
. A A
A
s A A A A
.
8 A A -
. . f
B 8 B &8 B B s 5 A A
. . [ .
B € B [ 5 5 A
. . 5 A
1 LI} t+ 3 B 8 8 5 58
: 2 2 5 A
1 t ¢+ t 1 3 3 &8 5 5 55 7
2 3 1 5 A
1 t 1 1 1 3 2 2 8 .5 5 58
I - 5 A
o T 8 1.0 3 2 a 5 5 587 1 7T 1 7
1 2 2 k] 3 . A R
4 1 1t _t % 1 313 2 2 s sss5s%71 1 7 7 71
[ 2 3 3 A A
4 t % 1 3 3 2 2 [} s 1 1 7 1 7
R - 3 3 9
4 4 “ 2 2 2 2 B B 8 3 [ 2N B A A
B T
4 4 4 . 2 2 2 2 LI T T 1T 71 1 ¢
8
4 4 4 4 2 2 5 : 7 1 T 1 6
: s 8
4 « 4 4 2 a. &6 8 8 B 7 1 1 6
T 7
4 4 B 8 7'6 6 6.
. s 71 1
4 4 4 4 8 B ] 7 6 € 6
: s 1 7
e 8 8 0 8.7 €868 6
) ® 9
s 8 e &' 8B 686 €
&8 9 9
B & 8 8 8 696 6
s 8 8
88 8 8 .€9CG, 6
8 o 8 9
a 6, 6 696
8 8 8
d s & 8 &€ 6 G

LX)

L
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. o
SITE: M SPECIES: SP. AUROFRENATUM PHASE: TPH DATES: 14/11/78 TO AT/12778
I1MDIV 1DUAL baTE MINUTES WATCHED AREA ENCLOSED (30 M)
() 17/12/18 15.0 B £ )
° - 14711718 i1s.0 RET)
) 21 13/12/18 ti.s Y
: 23 11712718 13.8 T
f S
24 17/12/18 17.0 178 -
. .
N
.
) $ITE: MW SPECIES: SP. AUROFRENATUM PHASE: TPH DATES: 14/11/73 70 17/12/73
30
. SO ¥
B
19 R
9 19
19 19 18
- 19 24
AR 3 N 24 24 24
s 24 24 24
19 ' . 24 24 24
S : . 23
1o . - 23 24
23
N 19 19 19 23 24
\ ‘ ¢
19 19 13 19 19 24
. . To23
19 ts 1y 19 19 19 19 19 23 24
. 23
1% 19 1. ) 19 21 2421
i s 21 23
o ¢ 19 13 te 13 19 13 s 23 24 2a21
‘ ) ‘ 21 21 2% 23
19 1% 13 13 19 19 23 23 24 2421
2t 21 23 23
. 19 18 18 1 19 19 = 23 23 23 24212421
° 21 23 23 22
8 8 19 19 23 23 242124212421

21 21 23 23
1 18 . 23 23 24 222124



SITE: A
s s
s &
« s
[ ] L] [ ]
6 s
[ ] 5 L3
[ ] [ 3
.
£ s s
] [ ] L ]
s s
[ [ ]
s s
1,
1
1 I‘
1 1

SPECIES: 8P .

SITE: & AUROFRENATUM PNASE: TPH DATES: 30/ %/79 7O
INDIVIDUAL OATE MINUTES WATCHED - AREA ENCLOSED (S0 M )
' 1/ 8/19 20.0 148
30/ 8/7 . 20.0 138
2 30/ %/78 20.0 (13
30/ 8/78 20.0 80
2 2/ 8/70 22.0 110
1/ 8779 20.0 as
[ 31/ 8/719 20.0 188
1/ 8/718 20.0 148
\
5 31/ %/718 20.0 70
30/ 8/78 20.0 7.
[ 1/ 8/7e 20.0 290
30/ S/79 20.0 198
7 2/ /1% 21.0 109
31/ 8/78 21.0 210
] 31/ 8/78 21.0 118
1/ 8778 20.0 120
.
x
B
SPECIES: SP. AUROFRENATUM PHASE: TPH DATES: 30/ 8/79 TO 2/ /7%
5 3 s
5 5 s
s s 5 5 7 7 7
_ ) k]
] 5 s ] s s
€ s ] 3 s s 5 s s s 7 7 7 7
] ] ] s 13 H s -8 ] ? 7 7 7
] ] (] [} s 3 5 H s [ 7 T 7 7 T |7
7 7 :
s [} [ 3 ] 13 [ 5 [ s 3 7 7 7 7 ?
] K [ [] 7 ?
s 3 6 [ s s 5 5 .8 78 s 7 7 7 7 7
’ ] [] - >
. . s ] 5 5 s 77 7 7 7 7 7
I
[} L] s s 9 s [} [} 7 7 7 k4 T 7 4
[ 3 s 3 » ] ] ] ] [] 7T 7 k] 7 ] 4
[} 4 .
€ [ s [} ] 9 ] [] ] 7 7 ki k4 7 4 )
[} .
€ s ] ] ] ] ® 2 7 7 77 4 4 4
[] []
s 5 [} ] ] [] [ 2 2 2 4 L} 4 I )
. ]
s s .9 ¥ ] 3 2 2 2 2 L] ] 4 4 3
[]
s ] 1 ] 2 2 2 2 2 3 . . .
[ .2 [}
1 1 1 * » 3 3 2 2 2 2 4 4 [ 0
L
1 1 1 1 1 3 3 3 2 2 2 4 [ 4
1 1 1 1 1 3 3 a E I | 2 . )
2
1 1 1 1 1 3 3 3 3 a 3.3 . 4
2
1 1 1 1 3 3 3 3 3 3 3 [}
. Lo, :
1 1 1 1 1 ‘“"\: 3 3 3 3 3
1 1 1 1 1 1 3 3 3 3 3 3

2/ 8/

30
s6 M

305



SITE: A SPECIES: SP. AUROFRENATUM PHASK: IPH DATES: 3o/ 8/78 Yo 22/ s/
INDIVIDUAL \pate MIMUTES WATCHED AREA ENCLOSED (30 M}
) 22/ &/7 tt.0 . . L1
) 30/ /70 18.0 ) so
2 . 22/ /7 : 14.8 22
3 23/ ®/719 12.0 (1]

A 22/ ®/718 10.0 10

SITE: A SPECIES: $P. AUROFRENATUM PHASE: IPH DATES: 30/ 8/79 Y0 22/ §/719
B
. -
2’ 2 2
2 2 .
2 2 2
N
2 2
2
3 [ '
2
LIS [
2 2 1 .
-3 113z
3 1 .
33 103 2 &
- 3 3
1 o3 a .
3
3 [ 1, A
' /
3 3
1
3 :
3 3 N
3 3
N .

ao
SO M
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site: ®
)
&
7
4
v
7
"
7 1 a
1 LT
7
7 .
v ]
7 )
R B
7 7
7 7
N
77
I B |

SITE: @
N

SPECIES: SP. AUROFRENATUM PHASE: TP DATRS: 28/ /78 YO
INDIVIDUAL DATE MINUTES WATCHED AREA ENCLOSED (S0 M
[ 28/ $/78 12.0 LA
30/ 87178 10.8 s40
2/ s/78 12.0 3
3 29/ 8/78 ‘1.0 218
30/ 8/78 14.0 230
2/ s/78 .0 224
4 20/ 8/78 10.0 221
30/ 8/78 ’.8 20t
2/ &/18 e 192
] 2%/ ®/78. 7.0 137
30/ 8/78 12.0 187
2/ s/78 10.8 198
7 30/ 8/78 10.0 K 280
[ 10/ /78 .. . e
’ - 8/ 8/78 10.8 asn
o/ 8/78 0.8 see
1 9/ 8/78 10.8% 288
12 s/ 8/78 13.8 s
s/ 8/78 13.% aew
1
\
.
-
SPECIES: SP. AUROFRENATUM PHASE: TPH DATES: 5/78 10 8/ 8/18
12 t2 12 12 12 12 ’ ] ’ [
12 12 12 12 12 99 . ’ . ’
: ! »
12 12 .12 12 12 12 [ [] [} ] []
s
. A & 4 12 12 12 12 12 12 ] ] ’
. .. 12 s [
. s 4 4 12, 12 12 12 12 12 N . ] . ]
: [ s
] . ) 4 ) 4 12 12 g 12 12 ’ [} [ s
N 1 1 : s
[ 4 . [ ) 4 12 112 12 1 12 [ [T ] []
7 . 1 ] * 1 L]
. 4 [ 4 4 ) 1 1 12 1 12 ) . ]
1 1
. 4 ) . a ] 1 1 1 1 1 1 [ s
ki [
4 . I 4 1 3 1 1 t [ 1
7 X " .
. . % ) 4« s 1 1 1 1 1 1 1
9
. 3 . . 4 . 1 1 1 [ | 1 1
7 N
. A . . 1 1 1 1 1 1 1 .
7 4 & L 1 ] 1 1 1 1 1 1 1 1 1
5 .
7 4. 5 5 [ [ 1 ' 1 1 1 1
7 7 s 5 5 1 1 1 1 1 1 1 1
[ S | 5 [ 1 1 1 1 1 1 1 1 1
5
s 5 s 5 ] [ 1 1 [ 1 1 1 1 ' 1
7
5 s 5 5 s s 1 ' 1 1 1
s 4 B
s 7 s s s 5 3 1 1 1 [ 1 1 [R]
7 7 1 3 3
s B 5 5 s ] 3 3 3 1 1 1 t 11
. 1 1
[3 5 % s s . 3 3 E I 3 3 3 3 1
[3 [ . 5 s s a 3 3 3 3 3 3 3 1 1"
1] s s s 1 [ 4 3 3 3 3 ;‘ 3 3 1 (B
.3 N g .
s 5 3 | I ] 3 a_3 3 3 3 3 11 11
s 5 5 8 3 3 s 3 3 13 " 1"
3“3 3 3 1"

2/ 8/78
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e

sSITE:
19
1
19
19 19
i 18
19 te
18 1
19 19
19 19
7
19 19
7 7
19 19
1 7
18 9
7
18 7
T 7
7 7
7 7
7

sITH: B
INDIVIDUAL

[ 34

cius: s,
DATYTE

3/10/78
8/10/78

- 3/10/78

4/10/78

4/10/78
s/10/78

3/10/78
$/10/78
[
A/10/78
8/10/78

3/10/78
s/10/78

a/10/718

$/10/78

AURDFRENATUM PHASE:

MINUTES WATCHED

14
13,

18 .
10.

18 .
10.
..
13 .

14 .
1t

18 .
10.

1
1

°
o

L-N-1 "o ne (- X X1

om

TPH

AREA ENCLOSKD (8@ M }

7

DATES:

s
72

a7
208

131
107

200
72

214
180

278
220

168
140

3/10/78 Y0

SPECIES: SP. AURDFRENATUM PHASE: TPH DATES: 3/10/78 To 3/10/78
18
16 18 18 185 18 1
8 18 18 18 18 18 D .
16 18 18 18 18 18 1 1 % 1 \
18 16 18 1818 1e& 1 1 TR T
>
16 18 18 18 18 18 1 1 1t ot 1 1 U 11
1
16 15 16 18 18 1 "I T B 1
1
18 18 15 18 186 1 ooy 1
18 16 16 1e 1 Voo 1
18
19 19 EEETEEL ' TR T
7 s 1 ' . 18
' 57185 & s 5§ 5 8 o1 1 |s
7 to 18
19 s s s 5 s 8 & 1 [ Vo s
i
s & s § ‘& _ % & 1 1 .t 1 1t 15 5 |18
7 . s .
s .5 5 $ § § 5 % 1 1 1 4 15 15 |is
5
7 s & 5 8§ 5 8 1t v 1 1 s 18 s
7 : s
s s 5 s 5 % PR TR SR S THRI D
: ) 17 47 11 1
7 & s s s 8 o111 1 11 s oas s
T 7 1
s § % s § 5 8 t7 1 7 7 15 15 |1s
5 s 5 5 8§ 8 17 17 17 17 17 17 s s {1
7 5 0s
5 5 5 5 .8 % 17 17 17 17 17 171 THRIEEL
M
s s s 5§ 5 5 17 17 17 17 17 17 17 1% 15 |1%
s s 5 $7 17 17 41 17 11 11 18 18
5 5 5 5 17 17 17 15
17 17 11 1.

2/10/78
kL
30
QM
18
18 1818
18 1518
18 1818
15 1%
18 18
1%, 18
15 18
18 18
185 18
1% 18
18 18
18 18

308
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sI1TE: B SPECIES : SP. AUROFRENATUM PHASE: TPH DATES: &/12/78 TO 8/12/7s
INOIVIDUAL DATE MINUTES WATCHRD AREA ENCLOSED (80 M )
\ 8/12/7s 22.8 371
[} ' 8/12/78 20.0 323
LY
'
. .
. .
.
o
SITE: 8 SPECIES: SP. AUROFRENATUM PHASE: TPH DATES: §5/12/78 To 8/12/78
30
' SO M
=]
B
1 1
1 1 1 1 1
,
1 1 1 1
1 1 1 1 .
1 1
1 ' 1 1
3
1 1 1 1 [N 1 1
R 5
s 1 1 1 ' 1 1 1 \
B 13 s
5 s 1 1 5 1 1 1 1 ]
[ 5 -8 s
[] s 1 t 1 3 1 1 '
s
s 5 3 13 1 1 [ 1 1
s
3 5 s [ % 5 11 [ 3 [ s 1 1 »
3 H s 5 5 '
.
3 s 5 [ s H N s
] s s 5 s s .
s 5 s 5 s 3 :
s 5 s .
5 5
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sITE: 8 SPECINS: SP. AUROFAENATUM PHASN: TPH DATES: 3/ 8/78 V0 10/ 8/78
INDIVIDUAL oATE MINUTES WATCHED AMRA .ENCLOSED (80 M )
s 8/ 8/78 18.0 130
3/.8/78 21.0 240
18 9/ 8/78 1s.0 148
4/ 8/ 15.0 110
1. 8/ 8/79 15.0 170
3/ 8/78 14.0 158
20 8/ 8/79 i1s.0 238
4/ 8/79 15.0 307
27 - 2/ 8/79 18.0 204
i/ s/ 18.0 2683
28 8/ 8/79 t4.0 iss
4/ 8/ 1840 144
3 -9/ 8/79 15.0 258
3/ 8/ 15.0 28
3 2/ 8770 18.0 202
10/ 8/798 18.0 138
. . .
k4
SITE: B - SPECIES: SP. AUROFAENATUM PHASE: TPH DATES: 3/ §/79 TO 10/ 8/78
’ ‘ 30
} 50 ™
28
28 28 28 28 28 28 : 20 20 20 20 20
R FEY
19 28 28 28 28 28 28 28 28 20 28 20 20 20 20 120
20 20
i 18 1t 28 28 28 28 28 28 28 23 20 20 20 20 20 20
! 20 28
19 19 ¢ 19ty 19 28 28 28 28 28 28 ‘28 20 20 206 20 20 20
19 23
12 1% 18 is 18 28 28 28 28 28 28 28 28 20 20 20 20 20 20
28 20 20 20
15 19 19 19 1 28 28 28 28 3% 3% 398283% 20 20 20 .
20 20 .
ts 18 13 19 19 28 " 23 %8 28 3% 38 3% 39 20 20 20
20
19 19 15 19 1% 28 28 3% 3% 3% 33 3% 20 20 20 20
' 20
15 ts te 19 19 28 28 3% 3% 3% 3% I 38 70 120 20
[ 20
19 19 15 18 19 s 5 39 39 39 3% 3% 20 20 3% 31 3t
31
19 1% 19 19 H s 5 [3 39 38 33 39 39 20 n 31 31
K3 i -
19 1@ 19 s 5 5 s s 5 as 38 33 39 39 31 113 31 31
H 31
19 13 5 s s 5 . s 33 3% 38 33 3931 31 3 31 3%
13 27 3t .
L3 s [ s s 5 s 39 3% 3% 3% 27 It 31 3 31 31
- 27
13 5 s s 5 s s s 3% 27 27 31 31 3t 3 31 3. 3t
. 27 31 27 11 N
s s s s s s 5 s 27 27 27 271 3t 18 1N 311 317 3
s s 185 3 3
5 5 H s s ¥ 27 27 27 27 27 27 27 1% 31 31 31 N
27 18 31 31
s s s 5 5 s 27 27 27 27 27 27 27 1518 31 3
15 31 3
[ 3 s s s s s 27 27 27 27 21 27 27 1% 1% 3t 3
, 27 31 It 3
5 s s 5 H 5 s 27 27 27 27 27 27 27 1B 1§ 15 18
3 31 3
s 5 [ 3 [3 s s 27 27 27 27 21 27 21 1% 1% 15 18
5 5 27 27 27 27 15 18 15 18
31 3t

27 27 27 27 is 18 18 31
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AUROPRENATUM PHASE: 1PH DATES: a/12/78 10 s/t2/78

aPRC IS : 8P

s1vn:

(sq ™

MINUTES WAYCHED AREA @NCLOBRD

oave

lp_lnwlu

i

104

10,0

8/12/78

124

8/12/78

107

14

8/12/78

" L )

$/12/78

L 34

e/12/78

$/12/78

$/12/78

180

$/12/7%

"

10.0

$/12/78

4/12/78

4/12/78

10.0

4/12/78

4/12/78

2

4/12/78

188

s/12/78

30
SQ M

4/12/78 To 8/12/78%

DATES:

1PH

AUROFRENATUM PHASE:

L

SPECIES

SITE:- B

O CO~O—Z~E=
z =2
o co~o~X~2~%

o

6~ o o oxz¥I=xlX
o o e o
cxoXzzXzI2X=X
© © o

¥oizizXz¥ox

X

T XXM -
FwwoauGoRNACAS <O AU«
IITXET
X I I L LR R R B X
I IVWIU IUNOGAO
TwuoswouOomOoqUOCABCLBO.
TvouvaxY xXIU

Twauwwauvwm o

Tavdmqa<asvgancn

v ouvauwvouvouvo X

cdadudmandadus O
x ©
wowo o o 60 0

K2

LULRULURUXU 4 e B
a2 2
XUXUBURUXUIX o b B B
oo -

[¥) UXUXULUSUIU E R A ] 2 2 R/

- dEUXUXUXUXIXT

X %
XuUXUXUIUIUXTI IXT
o uxoxs 3T O Y 0
<
9 2 9 xl )

A

N
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st p SPECIBS . BF . AUADPRENATUM PHASE: TPN BATES v/ 8/18 Y& 8/ 8/
INDIYIDUAL oate MINYTES WATCHED AREA SNCLOBED (B¢ ™ )
"
/‘ b ] 1/ 8/ 10 (1) iy
3/ 9/78 14 8 180
. 8/ 9/78 to. s e
L v/ 8/ t2.0 130
3/ 8/78 22.0 11)
8 0/18 13 0 190
7 4/ 9/78 t2. 0 208
8/ 9/78 1e.0 128
" 8/1s 12.0 180
. 3/ 8/78 108 133
1/ 9/ 11 o 108
8/ 8/78 L (1]
to 1/ o778 12 8 L 2]
3/ 9/18 13 0 180
8/ 8/78 12.0 280
ta §/ 9/718 12.0 108
¢/ 9/78 13,8 190
‘ 1 &/ 9/18 14.8 103
W 8/ 138 178
P
SITE: » SPECIES: SP AUROFRENATUM PHASE: TPH DATES: 1/ 9/18 To &/ 8/78
- '
‘ 30
. [ ] SO M
. '
- - . 4 [ ] .
R [ ]
16 10 10 10 [} 4 4 ] 4 [} ’ [} s
[} 4
10 10 : 10 10 4 ] [ . ] L [ ] . L]
17 ® []
1y t7 10 10 16 10 10 . ] ] ] L} 4 [ [ ] ]
* 4 .
N 17 17 10 10 10 10 L] . [ . [} [ ] L [ []
L] . .
17 17 17 1o io 10 4 . [} . . ] [} [
17 10 [ L
17 17 17 10 10 106 10 10 L} . ] ) [ L} L} [ ]
10 »
17 17 17 10 10 10 10 10 [ . 3 4 4 4 ] * ® ] .
10 10 * *
17 17 tT 10 1o 10 10 10 4 [} 4 [ ] . [] s * [ ] s
ICIERT ) ] []
17 17 17 _f17 10 10 10 10 10 [ [} 4 4 ] L 7 L) * ] [} s
10 1o [ ]
17 17 17 17 10 10 te 10 10 4 a 4 [ [ . 7 . s ] [
10 3 [}
17 17 17 10 10 10 10 4 4 ] 4 [ v 7 v ] b b4
17 10 . 3 3 7 L s
17 17 to 1o to to 10 : 3 310 &4 .4 . . v 7 7 7
17 10 4
17 17 7 17 107 10 10 3 3 3 3 3 L] 7 7 7 7 7 7
17 17 10 [] [ L3
17 17 14 10 10 10 3 3 3 3 3 3 7 v 7 T 7
17: 1% 3
17 17 101410 10 10 10 3 3 3 3 3 7 7 7 7 7 7 ki
17 ta 1a 3 7 7
17 17 101417 10 10 3 3 - 3 3 3 3 3 7 7 b 1 7
14 1 3 - 7 7
17 7 17 10 1014 3 "3 3 3 3 3 3 1 7 7 ? ?
14 1 14 ta 1a - ,
17 17 |10 3 3 3 3 | 3 3 7 7 7 1 7 v 7 7
7 7
14 14 18 14 14 18 , 3 3 3 3 3 3 7 7 7 7 ]
: 7 7
14 14 14 14 18 14 3 3 3 3 3 3 3 3 3 1 7 7 ki ]
7
14 18 14 14 14 3 3 3 3 3 2 3 7 7 7 7 7 k]
7
14 18 14 14 14 3 3 -3 3 3 h ] "l b i 7 b ]
14 148 14 14 1s 3 3 3 2 3 2 1 1 7 7.
. G
14 18 14 14 1a 3 3 3 3 3 T 7 7 7 7



[¥)
sI1TRE: W
28
2s
28 76
28 28 28
B 28 28 28
28 28 28
28 28, 28
28 28 28
.28 28 'Il
28 28 28
28 28 28
‘28 28 18
. ‘28 28 28
e 28 28
* 28 28
18
28 .28
28 14
18
18 18 14
18 18
' 18 14
. Q 18 14 14

DAYES: 10/ /78 TO 13/ 4/79

.
.ﬂ .
sITH; P SPRCINS: SP. AURDFRENATUM PHASE: TPH
INDIVIDUAL Dare . MINUTES "VIATW AREA ENCLOSED (3@ M )
4 12/°4/79 18,0 210
RYRD 20.0 170
] . RV VAL 18.0 208
IXVAYYZ I 20.0 180
. . i
16 10/ /78 18.8 138
12/ a7 21.0 188
14 11/ &/78 18.8 - 170
13/ 4779 18.0 143
21 10/ 4778 . 20.0. 280
. 12/ 4/79 ‘8.0 208
‘24 12/ /78 is:0 2438
. 11/ 8779 - 20.¢ 230
28 11/ 4779, 1%.0 158
13/ 4/78 1.0 180
B 3 10/ 4/79 1%.0 148
12/ 47787 20.0 138
SPECIES : SP. AUROFRENATUM PHASE: TPH DATES: 10/ 4/79.T0 13/ 4/78
. ] .
- ] . )
16 10 s 8
16 10 1o 10 10 4 a T TR
L] ) ’
10 1010 10 10 10 10 4 4 4 [ . L ] L ] » 3
13 n L) -
10 10 10 1o 10 16 10 & 4 & ;4 & s 8 » ”
. . j0 - -
28 10 10 10 10 10 10 4 & & & & s 8 .3 ’
28 : o & - :
10 10 10 10 10 10 4 10 L] 4 L] L] ] ] L]
.28 3N 10 ’ o . !
26 10 10 10 10 10 10 & & a4 & 4 s e ’
10 10 . . 10 .
28 3128631 3116 10 4 ‘4 4 a4 & & [ T
28 R 4
28 31 31 31 10 10 1o 4 4 4 & & v |
28 s
26 3131 31 31 3 31 & & ‘& 28 24 2 ..
R A 4 . 4 :
28 31 .31 3 31 3 31 21 21 4 A 24 28 »
28 . : 24 24
28 31 31 3] W3 21 23" a4 & A4 28 124 28 |24
28 A s ‘24
26 31 31 1 o} 3 .21 21 4. a4 24 284 24 24 |28
- 31 a ]
286 31 31 21 31 21 2121 21 I 24 24 24 24 24 |2a
PR TR TR TR T <, .
31 31 21 2 2 2t 21 212424 24 24 28 24 |24
: 3 B 2 :
3121 2y .31 21 21 21 21 24 34 24 24 24
a1 21
28 31 31 21 2 21 21 21 21 23 28 24 24 24 24 |24
14 : ‘ i 28 ‘21 . .
28 31 3 21 21 21 21 21 2t 264 26 26 28 24 |34
18 S 24 26 :
28 31 21 21 2y 21 21 21 2% 21 21 24 "28 24 |24
: i 24 28 -
18 14 21 20 2 21 21721 2% 21 21 24 28 24 |24
! 28 21 .
14 14 14 21 21 21 21 21 21 21 21 26 28 28 -24 J24
.24 o
4 18 2121 21 21 2121 21 24 284 24
1818 18 21 .21 21 21 21 21, 24 28 .38 74 24
14 14 04 21 21

14 14 s

3o
-SQ M




o e e [P ————— e

- 2
' ’ ‘-‘ ’ ) . . N
o
WY R SITE: P SPELIES: SP. AURCFRENATUM PHASE: IPH DATES: 7/ 8/78 T0 8/ 8/78
L oo INDIVIDUAL DATE MINUTES WATCHED - AREA RNCLOSED (S0 M ) l
T ’ 1 17 8/78 10.8 138
pee” o 1 9/18. 8.0 s0
; ‘a TR YAT ' 1.0 1 <
. YA YATS s.0 BT
c 1/ 8/18 - 5.0 [13 ) a
[} 1/ 8/ 15.8 170
3 7/ 9/18 1.0 } so
. r 1/ 9/18 1.0 .22 .
[ YA VAT 12.0 . 128 .
' |
H 8/ 9/78 $.0 23 H
) |
s 1 n/ 9/ 1.0 * as !
J 1/ 9/78 s.0 ’ 10
- B
.
1 “ '
. .
.
' -
A3
" t.
SITE: P SPECIES: SP. AUROFRENATUM PHASE: IPH DATES: 7/ 9/78 T0 8/ 9/78
30
S0 M
1 1 H ‘
[ . 81
d 1 1 B H JHJ
[ [ B JB B
; g 1 T 1 ] J
B B Js 1 JH ‘
1 \ 1 ]
B JB JB 1 Jd K
e J
c. . B 18 a1t 1 1
€ JCcJ
c B s ' 1 -
1 1
c c1c¢c 1
1 1 .
cr1cit 1 ?'
. 1 1 )
c c11 1 1
1 1 1
c. €1 1 :
1 1
: 1 c c ' 1
. 1 1
c c 4 1
[ 6 G E G
[ o D OGEC
G C E _E G
[ D D&EDGC
c & E £ G .
G D DGDGDFD
.. B E E E G
5 G % DE&EDGD b rp
. . G F G r
. G G 0o EGE E GO o
r pGr G "
G AG ATFr EGE £ G0 [ 0
b r F r :
-_— r F A  _AGDGDGD D
. . : For [ .
[ r b AGDGD [ [
- [ P DCG
A A AGATD G o ]
N [} o D G e
. A A AC D G .. P
[ -
0D G. & .
G G G



SITE: M
“
1No s vibuAL

«

A\l

SPECIES: SC. TAENIOPTERUS PHASE: TPH DATES: 1/ 8/78 70 3/ 8/T8

DATE

1/ 8778
2/ 8/78

2/+8/78

17 8778

v/ 8/78
/. 8/78
3/ 8/7¢

t/ 8/78
2/ 8/78

1/ 8/78

A/ 8/78

2/ 8/78
2/ 8/78
3/ 8/78

1/ 8/78
1/ 8/18

MINUTES WATCHED

AREA ENCLOSED (SQ M )

122
185,

215
180

T 159

see

5

SITE: K SPECIES: SC. TAENIOPTERUS PHASE: YPH
N a0
5Q M
€ 6 6 & &
« 8 € & &
. ~
L 2 B | ¢ 6 & & & . i
T 1 6 € .6 & 6 & .
T 1 & & & & & 6 €
T 1 7 T 1 6« 6 & 6 & & .
T 1 ? € & & & 6 P
T 1 1 1 1 7 &€ & 6 6 T | 2
6
E | ] 79 7 € € 6 & €& & 2 2 2 2
o ] :
T 7 y 1 1 1 1 €& € & 6 & 2 22 2 2
6. 6 & o
T 1 7 1 1 1 1 & €& & & & 2 2 2 2 2
¢ 6 ’ )
L2 | 1 7.7 6 6 6 & & & 2 2 3 2 12
. s 7 : 3
1.1 1 ? 8 6 & & 6.6 -6 2 2 2 2 2 2 .2
. 8 1 1 .
7 7 1 11 7 8. 6.6 & €& 8 2 2 2 -2 2 2 2 2
L 2 B § )
K2 NS T R B B 779 9 9 [ 2 2 2 2 2 2 2
11 .
L2 A | 71 1 1 9 @ % s 5 ! 2 2 2 2 2 2
’ T 1. 1 ® ® 8 8 & 8 1 7 2 2 2,12
P | s 9 9 5 5 8 ] 2 2 2
9 .
3.3 2 3 9®» 8 4 5 8 S 1 1 2 2 2
: s 9
3 3 3 2+3-9 8 8 8 5 [ 2
s 9
3 3 3 3 3 5 85 8 & 8 [ T | [
e 3
343 3 3 4 3 5 s 85 5 8 R IR I 3.
- . ., 8 k) - n
3 a3 2 3 3 3 5885 5 8 8 [ T I
3 08 3
a_ 3 a3 9 3. 598 % 5 I DR TR N B B
] 3 3 1 2 3 .23 85 § 8 'R R (B
3 2 3 3 3 3 3 3 3 % 5 5 PR RN TR R T B T B
A .
.
e




B T R . . e
T . . .

SITE: M SPECIES: SC. TAENIOPTERUS PHASE: TPH DATES: 10/ 1/7% 1017/ /719

N INOIVIDUAL DATE MINUTES WATCHED AREA ENCLOSED (SQ M )

. . 1 R 7ARVAL ] 15.93 ' 87
. ] . 17/ 1/79 6.9 150 N

F 10/ +/79 9.0 69

17/ /79 15.0 156

7 v/ 1779 ‘5.0 28

$1/ 1/79 5.0 as

15/ 1/19 17.8 342

. N TARVAL) 19,8 338

) 2 11/ 1/79 12.8 1]

17/ 1/719 17.0 2498

17/ /79 . 4.0 . 98

SITE: M SPECIES: SC. TAENIOPTERUS PHASE: TPH SDATES: 10/ 1/79 10 11/.1/78:;

[CJRN
10 .
sQ #
’ ' , ©
; ' AN
= . 9 9 o 9 @ . X
' e 9 9 ® 9 9 9 9
P
b vy 11 1 7 s 9 @ e 9 5 2" 2
701 1 L 9 ¢ 9 9 ’ s 9 - 2 2 2
T T 1T 1 1 1 ° 9 9 9 s 9. 8 1 2
L2 N SO AR s e 9 ° 0 2 2 12 .
T T 1 1T T, s 9 9 8 9 9 & 9 9 2 2 2 2
LT I I I B ] T 9 9 s 9 9 9% 9 9 PR a2 ;
N LB A T L A A 9 s s @ 9 8 2 2 2
' L2 A T 1T 1 9 s 9 8 3 § 2 2 2 2
’ LI B B 1\1 LA A v 9 9 9 9 9 @ 2 2 2 ‘
1 151 i1 LA 9 2 9 9 2 2 2 v -
N T AT I ® 2 2 1 2
.07 T 1 . ’ 2 1 1 2
) ? 7 07 7T v 1 1 7* ° ' 2
1 ‘a1 o7 1 1] 9 T2 E R
I ] 1 9 9 9 @ 2 2 2
NI T T 1 P \ 202 2 a2 b
EI | 9 9 ' 2 2 2
T Y v .0 @ 1 202 3 2
. ) . » "9 9 " R T ' T | ,
9 t 1 1 1 h] 1 1 1 2 2

©
-




o

SITE: ¥

SIvE: M SPECIES: $C.

INOIVIDUAL
" 10
"
a2
SPECIES: $C.

. DATE MINUTES WATCHED AREA ENCLOSED (S0 M.)
0/ 3/1% 12.0 194
ao} 3/79 . 12.0 - 48
0/ 3/19 11.8 ’ a9

TAENIGPTERUS PHASE: TPH DATES:=30/ 3/79

TAENTOPTERUS PHASE: TPH DATES: 30/ ,3/1'

- 317

19 12
15 12
0 10
12 12
10 10
12 .12
10

"

10 10
10
121110
10
21t
190 14
121110
1"

10
1Q




SLTE: M

INDIVIDUAL

SITE: M

SPECIES: -1

e ——r— s s s

SPECIES: SC.

OATE
14/ 4719
20/ 47194
14/ 4779

TAENIOPTERUS PHASE :“TPH DATES: 147 4/78 10 20/ 4/79

TAENIOPTERUS PN‘S(ﬁ: TPH DATES: 14/ 4/78 TO 20/ 4/19
MINUTES WAYCHED AREA ENCLOSED (SO ™ )
' 5.0 : °7
19.0 . L1}

8.0 98 °

0
tSQ M

1012(13

1012 12 12
1212(12 12
1212|112 12

12 2




. | 319

SITE: M SPECIES: SC. TAENIOPTERUS PHASE: IPH OATES: 28/ 2/T8 10 2/ 3/

INDIVIDUAL DATE MINUTES WATCHED.  AREA ENCLOSED (5Q M )
;
t 14/ 2/79 19.0 400
. 15/ 2/ 15.0 18
2 16/ 2/10 17.0 210
af /18 15.0 140
] 18/ 2/19 20.8 1s . \
. 18/ 2719 20.0 - 287 :
"4 19/ 2/10 1.8 74 -
s C el e 10.0 27
& 1w/ 2/19 10.0 27
a8/ 2/79 - 10.5% 52
N -
[ 28/ 2/719 4.0 102
[ 28/ 2/79 10.0 24
10 28/ 2/18 §.0 as ) .
1/ 3/1e 17.0 . 128 . . <

SITE: ™ SPECIES: SC. TAENIOPTERUS PHASE: IPH DATES: 28/ 2/78 10 2/ 3/7%

7
. 30
sQ #
- \\
‘ s 2 3 3 3 3 3
3 3 2 2 3 .23
3 3 3 3 23 ] :
n A A
5 5 2 1 3 3 2 4 4 2
s © 8 3 3 a3 4 4 PR T TR
A .
s B 5 € 3 3 2 A [} [ 2 2
: 3 A
s B8 5 & 3 3 3 3 A ] [} [ T | H
o 2 2
g 5 5 & 6 3 a2 a3 3 3 3Aa4As 4 2 [T | A 2
w 2 2
s 8 & € 3 3 3 3 w0 & 4 2 2 2 [ [}
[ 10 2 10
s 8 5 6 3 3 3 3 3210 344 4 2 2 [ | a
10 10 2 2
[ s & 3 '3 10 4ad4 4 4 2 1 1 [ 2
[] 2 w0210 2 2 2
9 & 8 8 6 W0 10 £A4 4 4 4 & 1 U S R B 2
] .6 A 1022 2., 2 4
g 8 8 8 € € 10 2 4 A1O 24 4 11y 8y s 2
g 8 [ 2 A 4
9 o & 8 6 6 & A & 42 4 PR B | [ | 2
€ & 2 & " K
» 8 8 € 6 A A 42 4.1 4 4 PR 2
2 A - A 4 2
. € & 6 A A 42 1 A PR T 2
6 6 2 A 4 1
L b € 6 & A A 424 A 4 1 P T R 2 2
6
¢ & 6 A AL 1 .
. [ 2
€ & A A B 1 t v 2" 2 2 2
A A v 1ty v 2 2 2
A [ t v 2 2
2 .
' « s 2 2
. 2 2 2[
. 2 2 2
2 2 2 2



[N
N
SITE: A
4 4
a4
L] 4
)
.
2 2
2 2
2
2
! 2
2 2
2
« 2
3
3

320

6/ 8/78 TO 11/ ®/7%

3o
so M

NN NN

siTE: A SPECIES: $C. TAENIOPTERUS PHASE: TPH DATES:
INDIVIDUAL DATE MINUTES WATCHED AREA ENCLOPED (30 M )
' o 8/18 22.0 130
10/ /7% 20.0 130
2 17 o/18 20.0 113
8/ /718 20.0 s0
3 8/ 8/19 21.0 1o
1/ s/7e 20.0 113
N 2/ a1 22.0 128
117 8718 20.0 a0
'3 8/ s/18 22.0 1.8
8/ 8/179 23.0 128
s 1/ 878 21.0 28
: 8/ 8778 20.0 3s
1 1/ 8779 20.0 ‘120
s/ /7% 20.0 128
s 1/ 8/78. 15.0 s0
) s/ 8/718 15.0 108
’ 8/ s/19 21.0 198
11/ §/18 20.0 170
10 s/ 8/7¢ 20.0 120
10/ 8/79 18.0 130
A 8/ 8/78 20.0 11
» 0/ 8/78 5.0 3s
N
SPECIES: SC. TAENIOPTERUS PHASE: TPH DATES: 8/ €/79 T0 11/ /19
N S N 1010 10 to 10 10
4 4 & s 10, 10 10 10 1o 1o .
10
s & a 1o 10 10 10 1o 10 8 & &
. 10
4 & a 1o 10 10 10 1o & 8 & 8
P Y 16 10 10 10 108 3 3 &
« a4 & & 1o 10 10 10 1o B 8 & &
. N s 5 10 10 10 10 8 8 3 8
't
« & a4 4 B 10 10 10 s s &
s % § 8 % 10 10 €& & 8 & & &
. 10 : :
5 s 8 s 16 & & & & 8 8 8
“ s .
5 s & $ § & ® S1os & s & 8 8 8
7 s 5
5 § &_ 85 & S ® S &8 & 3 8 s s
7 8 8 & i
s s s % & 8§ % 1 1 1 & &8 s s
2 T 1 v 11 71T s
$§ s s s § & ® 1 7 1818161 8
: P T 1 7
2 2 s s & s1t71 1 7 1 e 1
. s s 1 1 1 1
2 2 s s 1 7171 .7 71 71 1 1+ 1 1
.2 2 1t 1
2 2 2 18181 ¥ 1 1 1 1 T
2 2z 1 T I T |
2 2 2 1 187 1 1 1 T A v 1t 1 1
L2 1 T B v 8 9 A A A A
2 2 2°.7.7 1 7 1+71 11a 1 1
T s s B 8 8 A A =&
2 2 T 7 7 T1T1T1TIiaAa 8 1 1 1
P s 8 % B 3 .8 A A
3 3 3 3 71 1®m7187Ti81A WM 8 A 1 1
B B s s
3 3 3 3 1 % s 83 3 A A 3 a
3 s B » v
3 31 3 3 313 % 8 A A A 8 3 3
B s 8 * .
2 3 3 3 3809 s _A_ % A, s ’
58 ]
AN | 3 3 3 3 2 ’ ] A . » [}
’
3 3 3 3 3 8% A A 8 3 3
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“»
sITE: B SPECIES: SC. TAENIDPTERUS PMASE: TPWM DATES: 3/ e/78 7o 8/ 6/78
INDIVIOUAL pATE MINUTES WATCHED AREA ENCLOSED (80 M )
1 3/ 8/78 16.8 Csmw
s/ 8/78 t1.0 198
2 3/ /78 17.0 228
5/ 8/78 1%5.8 306
3 3/ 8/78 18.8% 283 N
. s/ 8/78 11.8 . 122
a 3/ 8/78 1%.0 2as
. s/ /78 1 283
s/ 8/78 1 134
] s/ /78 148 tae '
s/ 8/78 18.0 213
] s/ /78 18.8 144
$/,8/78 148 231
7 3/ 8/78 18.0 182
s/ 8/78 18.0 - 343
12 8/ /78 185.0 188
A s/ 8/78 5.0 72
.
- t
o
N
- .
B
]
SITE: B SPECIES : SC. TAENIOPTERUS PHASE: TPK DATES: 3/ 6/73 To 8/ 6/78
T 0r 7 7 7
7T 1 7 30
7 L B B 4 LA ] T’ S0 M
7
7 7 L B ] T 9 a
a
s s s 7 7 7 L 2 B B | 7 A
” 3
[ S s | s 5 s 2 2 7 ? T 7 L ] T a
. . Y &
L T 5 s s s 2 2 2 2 7 7 7 7T s 7 &
. 7 .
s 5 % % T 1 H 2 2 2 2 7 7 A A a 4 & -
?
s , 8 s 5 5 2 2 2, 2 2 2 7 A 4 s s
. 3
s s s & 2,2 2 2 2 2 L} 4 a4 a L}
f
A
[ S [ 3 2 2 2 2 4 4 &
. _ M
5 s s 2 -2 2z 2 2 2 3 3 . 4
K . a .
s &5 s .| 8 2 2 2 2 2 3 3 a a & s
- ’ . 2 a A a4 A
s 5 s s 2 2 2 2 3 3 3 a 4 A s ]
i a & A A A
[ s s 2 2.2 2 3 - S a & a
3 3 A A
s 2 2 2 2 2 -3 -3 & ] [y ) .
3 a
] 2 2 2 H 2 3 A . . a .
&
& 6 2 2 2 3 3 3 A & & 4
e - . A
E s s 2 2z 2 2 ' E) 3 3 3 a L} [ 4 4
12
s :8 6 2 2 3 3 3 3 3 ] . ) N R
'
s, [] 2 2 2 3 3 3 3 3 3 ] - 12 12 1212
3 1 .
s s & s 2 2 3 3 3 3 ] 12 12 12
1
e & & s 2 2 2 2 3 3 3 3 3 12 12 1212
1 1 \
s .6 8 s 2 2 2 2 ' 1 3 -3 3 :\\\ 12 12 1212
1
s & & s s 2 2 ! [ 1 3 3 3 12. 12 1212
€ i 1 1
L3 [ [ 3 1 1 t 1 1 1 3 a 3 12
1 s i
s s [} [ 1 1 1 ' 1 1 1 1 '



SITE: 8

sPEciEs: SC. TAENIOPTERUS PHASE: TPH DATES:

(se M}

a

siveE: ® 10/10/78
INDIVIDUAL DATE MINUTRS WATCHED AREA ENCLOSED
H 11/10/78 12.0 ¢ 204
13/v1/78 20.0 « 248 B
[ 10/ 10/78 18.8 282
15/ 11778 2v.0 310
] 14/11/78 20.0 270
' 18/ 11/178 21.8 con
17/ 11/78 ‘1%.0 212 .
7 INTARYAL S 20.0 ses
[ 14/ +1/78 20.0" 230
18/ 11778 12.0 .
. 11/10/78 231.0 3se
13/ 11/78 20.0 370
10 12/ 10/78 1%.0 14¢
18/ 11/78 20.8 380
f
”
7
SPECIES : 5C. TAENIQPTERUS PHASE: TPH DATES: 10/10/78 TO 17/11/78
s ! k] k] 77 7 7 .
s s ’ s 3 7 1 7 7 7 7 T 17
s 8 s [ s ] 7 7 7 7 7 7 7!
s B .8 s 7 R ] 7 7 7
s s 8 s [ s . 7 7 7 v ?
s 3 "
s & s s ’ 7 L | [
s s :
s & 8 s s . [] [] ] 7
. s
s s ’ [] ] [] [] . 4
s
] * ] ? h ] ’ 4 4 ]
»
s X ] [] . ] ] [ a a RN )
s s 9 9 s ’ [ » [] [ ) ) 4
11 s ] s . [] 1 s ) [
&
s s @ ] IR } ] 3 3 . . )
s 5 S
D) s 9 s 3 ’ ] ] 3 3 3 s a I3
s 8 & ‘ .
’ s 9 9 ’ ] [] 1] 3 3 | 2 .
s : 3 L
s s = 3 9 ’ [ [] 3 3 3 3 . )
3 .
» [ ° [ . [] ' 3 3 3 3 ) .
3 3
] [ . L [] [ s 3 -3 3 E R | s s
3 3 3 3
. . » ] ’ 810 3 3 3 | IR } . )
10 3 E]
s ] » [] [ 3 10 3 3 3 -3 N N
] 10 1o 3
s'' s 8 9 8 9 ’ ] s a3 3 3 3 1
¢« s 3 3
s s 9 @ [} 10 10 3 3 3 3 . 4
s 3 3
s 8 3 9 10 10 10 3 3 0 .
3 10
s 10 10 10 1o 10 10 ]
s 10
[ jo . 10 1010 1o 10 1O 3
0 s
[ s e & to 10 10 to 10 ~10 10 10
s s
[ [ e & 10 16 10 10 1o 10 10 1o 10
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T0 17/t1/78

30

50 M
4 a4
TR )
4 a4
s s

o i

4
4
4
.
4 s
4 s
. s

.



SITE:
s
s
s
s
[
s
‘ s
1
o1
111
"o
1o
1o
11
1oon
1o
1
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sITE: B SPECIES: SC. TARNIOPTERUS PHASE: TPH DATRS: o/ 8/79 TO 18/ B/78
INDIVIDUAL DATE MINUTES WATCHED AREA ENCLOSED (S0 M )
3 10/ 8/79 19.0 a8
13/ /710 18.0 a2
1 o/ B/78 18.0 210
o 3 117 8/ 1%.0 280
18/ 8/70 18.0 213
) 10/ 8/79 18.0 as2
1t/ 8/78 18.0 ($1]
10 11/ 8/ 17.0 ass
18/ &/ 17.0 Y1)
1" 11/ 8/70 20.0 s
ts/ 8/78 20.0 “es
12 . 10/ 8/78 18.0 181
13/ 8/70 17.0 188
13 o/ 8/ 1%.0 (1)
13/ s/78 ts.0 143
14 13/ 8/79 18.0 100
18/ 8/78 15.0 53
-
SPECIES: SC. TAENIOPTERUS PHASE: TPH DATES: 8/ S/7% T0 18/ %/79
7 7 7
7 7 7 30
- sQ M
s 7 7 7
s s [ s [ 7 -7 7 k]
s & & 8 & & & 71 v 71 1 1 7 R
[ R A
a s 8 s [} s e 7 7 7 7 7 7
s [3 [] . 13 13
[ s .8 Y ’ ] ] 7 7 7 7 k] ? 7
[ 13 13
[y s s [ . [] s [] 7 ’ 7 1 1 13 3
s 3
[ [ [ [] s [] L [] ] s 13 13 13 13
s 13 .
[ s 3 (] ] ] ] ] [ ] [l s 13 13 13 13
[} s - T 13
s s ] ] 9 [} ] ] s 13 13 13 3 )
) 3 3
] L 9 9 » s ] s 13 13 13 ¥ 13
‘. . 3 - : .
s [ [ [} [} . s ] ] s 13 13 13 10 13
3
[ [ . [ TI [] [ ] ] 3 [] 3 14 4 13
P S TR ) s &£ 3 3 3 s s |hs
s [] ] . s ] 3 3 3 s 14 14
. . 14
s [ ] [] s [} [} 3 a 3 14 14 h1312
hd 14
T s 1t ] [} ] 3 3 ¥y 3 3 14 1214|112 12
ta 16 |14
11N ] » [ ] 3 3 3 3 3 s 12 12 12 -
. 3 14 L)
11 0 ) [] ] s 3 3 3 3 3 121412 t2
[ ] 12 12 14
1 11 (] s s 3 3 3 3 3 31414 12 12
14 18
R RN R [ [ 3 3 3 3 3 -3 12 12 t2 12 N
1M O 14
.. 10 3 3 3 3 3 t2 12 12 12
10 10 < 3
11 s 10 10 3 10 3 3 3 12 12 t2 12
s 1
9 _11__3o 1@ 1o 12 12 12 12
~10 10 10
t1 %1 11 10 10 to 16 10 10 10 s 10 s 12 12 12 12
. i - 10
[EEEE R ] jo 16 10 to 1o 10 1o 10 10 10 12

12
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SC. TARNIOPTERUS PHASE: 1PN DATES: 1/12/78 TO 12/12/78

SITR: B SPRCIRS:
INDIVIDUAL DATR . MINUTRS WATCHED ANRA ENCLOSED (S0 M )
2 11/12/78 . 5.0 (1]
1/12/18 13.8 137
3 12/12/78 12.0 B ]
11/12/78 0.8 120
4 11/12/78 10.0 [}
A 11/12/78 4.8 3s
’ Y YREYAT 13.0 a0
v1/12/78 12.0 10
. [ 8/12/78 $. 5 33
[ 3 s/ 12/78 1.8 s
r s/12/78 10.% 53
*
4 s/ t2/78 12.8 ° 78
H 1/12/18 10.8 s .
B 1 1/1v2/78 . 10.0 A%
. J 1/12/78 " 10.0 s0
1] "
I3 N H
.4
v
N .
SITE: @ SPECIES: SC. TAENIOPTERUS PHASE: JFH DAaTES: 7/1:/1: T 12/12/78
. N 3o
L $O. M
— .
[ [ -
E 2 2
[ [ 2 . )
2 2 .
c [ 2
. 2 2
[ 2. & J .
- 2 2
[ 2 [ J J o
2 [ 3 G J J J
2 . 3226 2 [ (L] "
2 2 G G K] J 9
r ¢ 32 2 2 2 MM H
. r 2 2 H
r 4 3 3 3 2 2 2 2 U H
r 3 H
F 3 1 Az 2 2 2 2 g
F r r 4 ] 2
3 3 3 3 3 k] 2 -] D J N .
4 F F r o
3 3 3 3 3 1 ] D - D J
r [ ) E DU
3 3 3 k] 3 3 ] D SEE -
r D E
L4 3 F 3 3 3 SEBUJUE
e 3
3 3 E L 4 ~
- 1 [ 3 E v
3 3 4 e Bl E B
51 81
sag 8t B. B ) [
[} 81
s1 BE 8B ] & ] [
[} .
- ] a B . 4
[}
A ] 4 4 [
A a ) .
A & [ [} .
¢ 3
h -
A -
V- .

an m oL
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sitm: p sPicius: SC. TAENIOPTESRUS ©® 3;;\‘1ru DATER: 1/ B/78 Y0 14/ 8/78
' INDIVIDUAL ™ DATER MINUTES WAYRHED AREA BNCLOSED (80 M )
2 13/ 9/78 13,87\ 180
13/ 0/78 1s.0 180
[ 1t/ e/7s 13.0 228
11/ 8/78 20.0, s *
. ) 13/ %/78 21.0 320
. 13/ 9/78 22.0 288
1 14/ 9/78 18.0 190
N 2 14/ 9/78 12.0 270
] 11/ /78 17.8 80
. S147 8/78 2t.8 a3s
A 13/ 9/78 s.0 so
. Y
R
sITE: P SPECIES: SC. TAENIOPTERUS PHASE: TPH DATES: 11/ 9/78 10 14/ 8/718
[ A a 30 . ~.
s A A sQ M
A & a a
A a
’ ' s 3 s A A . ) . A 2
A a A A
] [ 3 : [y s [ s ) 4 ) ) 2 2 2 2
N .
[] [] [ s s - [ 3 [ s ) . . ) 2 2 2 2
[} [ s s [y s [y . ) 2 2 2 2 2
[ s 3 [ [ s [ 3 . 4 2 2 2 2 2
2
[] s L L ] 3 3 [ A | [ 4 4 2 2 2 2 2
. 4 :
] [ s ) s s s [ [ 4 4 4 ) 2 2 2 2 2
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4
s s 8,8 3 a2 2 8 8 & A& & s 2 2 2 2 N
< [ N
s [ [ [ s s [ 3 3 ) ) 4 2 2 2 2
4
7 [ [ [ s 3 s 3 3 ) 4 4 0 2
L)
7 [ ’ “ ] s [ s s 3 . [ 4 ) ) 4 2 2 2
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siTe: * SPECISS : SC. TARNIOPTERAUS PHASE: TPN DATES: 17/ 4/7¢ Y6 3¢/ 4/78
1NDIYIDUAL baATE MINUTES WATCHED ARSA ENCLORED (80 M )

2 18/ 8/70 15.0 110

20/ 4/78 10.0 148

s 17/ &/70 3s.0 280

19/ 4/70 1.0 218

. YR YAl 2s.0 3e0

\ 20/ &/ ts. 0 328
s 17/ a/79 4.8 et

18/ &/10 15.0 340

10 18/ /79 20.0 a1so

19/ &/79 18.0 288

siTe: P SPECIES: SC. TAENIOPTERUS PHASE: TPW DATES: 17/ 4/79 1o 20/ 4/7%
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a .
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s1TE: SPECINS: SC. TARNIOPTEIRUS rnss&)-., IPH  DATES: 14/ 8/78 TO 18/ 8/78 .

INDIVIDUAL vATE MINUTES WATCHED AREA ENCLOSED ‘(30 M) . N
1 187 9/78 “ir.e as » '
147 8/78 10.8 : s
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x 18/ 9/78 s - 70
L 18/ 9778 i 10.0 V ' EL
-
seecims: sc. TAENIOPYRAUS PHASE: IPH  DATES: 18/ $/78 T0 14/ 8/78
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- ‘ C$ITE: M SPECIES: SC. ISERTI PHe. ... TPH DATES: 8/ 8/78 10 8/ 8/18

. INDIVIOUAL * DATE MINUTES WATCHED AREA ENCLOSED (SO M ) - .
' ‘ ’ I 8/ &l sos” 2 ¢ ~
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(

SPECIES: SC. FSERTIG PHASE: TPM DATES: 13/ 1/79 10 18/ 2/18
INOIVIDUAL : DATE MINUTES: VATCHED AREA ENCLOSED. (SQ M ) - .
. . . . ~
“ 1 18/ 1/78- 10.0. 92 '
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PHASE: IPH DATES: 1/ 3/79 Yb &/ 3/79

[ , . \ . N ‘ . ' 330 .
S1TE: M sntt:us": SC. ISERTI PHASE: 1PH nn:s:' 1/ 3/18 YO0 &/ /70
TNDIVIOUAL datt MINUTES WATCHED AREA mct.bs}u (so'M ) )
1 27 919 .0 26
2/ 3/19 11.0 20
2 2/ 19 10.3 oo
Y 27 3/19 10.0 as
a7 /79 V.o 15 “
3 1/ 3/719 1.0 18
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A 1/ 9/719 11.0 48
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o 2/ /19 10.0 30
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SITE: 8
INDLVIPUAL

1

v

SPECIES: SC. 19ERTI

DATE

13/
13/

s/18

- MINUTES WATCHED

it.o0

t . 1.0

PRI 1 -
10.0
9.8

10.0
10.0

10.0
to0.0

10.0

1.0
13.0

t0.0

T

PHASE: TPH DATHES: 13/ ®/78 Y0 28/ 6/78

AREA ENCLOSED {30 ™ )
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SITE: ® SPECIES: SC. ISERTI PHASE: TPM DATES: 13/ 8/78 Y0 28/ &/78
UE 30
so M
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SITE:

SPECIES: SC. ISERTI PHASE: 1PH  DATES: 28/12/78 10 &/ /78 °

SITE: B
INDIVIDUAL DATE uligtul WATCHED . AREA ERCLOSED (3Q M )
/ - N
2 29/712/78 11.0 (1]
] 29/12/78 1.8 " ss
. 20/12/78 .8 7
L 28/12/78 s.0 (1]
(] 28/12/78 10.% 7.
7 20/12/78 10.0 20
] 29/12/78 5.8 a2 B
[] [YARVAL ] 0.0 (1]
10 4/ 1/70 s.0 37
1 4/ /79 7.0 28
12 8/ /7 5.5 3
e 28/12/78 10.0 31
'y 29/12/78 5.0 s0 v
'
M
o
SPECIES: SC. ISERTI PHASE; IPH -DATES: 28/12/78 T0 &/ 1/7%
30
SQ M
N Y
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SITE: B -SPECIES: SC. ISERT! PHASE: TPH. DATES: 13/12/78 TO 28/12/78 .
INDIVIDUAL DATE MINUTES WATCRMED AREA ENCLOSED (SQ M )
V. 5 20/12({78 10.0 (1)
13/12/78 10.0 . 1se
Al
[ ] 27/12/78 12.0 sss
27/12/78 T, 12,0 s
B ' 271/12/78 1.0 ' - o122
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s 28/12/18 10.0 k13
27/12/78 10.0 ., sas
» 28/12/78 10.0 28
27/12/78 10.0 [1]
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4
sI1TE: B SPECIES: SC. ISERTI _ PHASE: TPH DATES: 13/12/78 Y0 28/12/78
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SITE:

P

(354 SN J

SPECIES: SC.

1SRRTY]

PHASE: TPH DATES: 18/ ’/78 Yo 21/ 9/78

30
SO M

INDIVIDUAL DATR ‘MINUTES WATCHED AREA ENCLOSED (80 M )
: . ~
1 19/ 8/18 12.0 118
20/ 9/78 10.0 [F]
2 13/ 8/78 10.0 108
20/ 9/78 i 11.0 e
3 18/ 9/18 7.8 (1]
. 20/ s/78 10.0 128
¥ 19/ 0/78 10.8 ss
20/ 8/78 11.0 (1)
[ 138 21/ 8778 10.8 as
20/ 9/78 to.o0 4
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21/ ¢/78 12.0 as
¢
/
i
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siTR: P sPECIEE: 3C. ISERTI PHASE: TPH DATES: 24/ 4/78 TO 28/ 4/719
~ - .
INDIVIDUAL DATE MINUTES WATCHED AREA ENCLOSED (S0 M )
2 27/ A/ [}
28/ /19 [} ] .
] 27/ 4/70 100
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siteE: » SPECIES: SC. ISERTI PHASE: TPH DATES: 24/ &/78 T0 28/ 4/79
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SQ M
.o & :
10 e .
L1 A A A
10 11 A A a
10 10
. 10 110 11
. 10 10 10
11 tH 1t 1t 10 : : .
1t 10
1 .11 10 10t21112
11 v0 .o
1111 10 1012111212 12
. 10 B
11 11T 10 1t 12 12 12
. 3 10 12 12 12
1] 1111 1r2s 32 2 2
5 5 10 12
s 11 11 to 1112t2 12 2 2
3 s ] 2
s 111t 1 s 12 12 12 7 2 \
| 3 2 .
N s s 11 1f s s 12 12 2 2 2
s ] ] s . !
s 1 5 . s 12 12 2 2 2
5 - 56 8 5 2 5 .
11 ? ’ s 2 2 2 2
s 3 [ ' s
111t s 0 ] T2 2 2 2 2
. s [ I ] 2 14 s
11 s 9 ] [ ’ 2 z 2
- s s ] :
[} ’ [ ’ 2 2 14 s .
. s
1 . ] s ] [] 2 14 14 & R
] : :
[ ] [} P13 13 14 14 14 1a -y
14 14
1y » » ] ’ 13 13 13 1a s
.13 14 1a
. 1] . ’ 13 13 13 14 s
1 14 148 ;
11 [F I} .9 - 3 13 13 13 14 14
14 14 :
1113 i3 81313 13 13 1414 .




PHASE: IPH DATES: 23/ #/78 JO
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SITH: P SPECIES : 3C. ISERTI 28/ /78
INDIVIDUAL DATE MINUTES WATCHRD ARRA ENCLOBED (30 M ) -
A 23/ 9/78 5.0 [ 1]
] 23/ 9/ ’.0 30
c 23/ 8/78 s.8 so .
[ 23/ 8/7 14.0 41
[ .28/ 8/78 1.0 [
L4 28/ 9/78 . ".0 [
c a8/ 9/78 to.o as
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