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Two simiiar forms of the asteroid genus Linckia were surveyed
by a timed swimming count at eight locations arcund Guam. Linckia
laevigata, cobalt blue in color, was found mainly on the reef flats
but Targer specimens occurred as deep as ten meters, whereas Linckia
species, hrown in color, usually cccurred between depths of ten and
20 metors. Linckia species tends to have longer, more slender arins
than L. laevigata. The rate of oxygen uptake increasec¢ betwzen 25°
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31° €, but leveles off betwecen 31° end 34° € in L. laevigata. At
36° C, the rate of oxyvgen consumption in both forws of starfish
decreased, inaicaling a disturbance in metabolic activity bscause

of increasea temperature. Linckia laevicata was more tolerant to

short expesures at 267 C and survived for longer periods of time

when maintained at 34“ and 36° C than did Linckia species. Thus,

L. lacvigata seems better adapted Tor living in a reef flat

environment than does Linckia species. Fhylogenetic velation-

ships between the two forms remain unclear.
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INTRODUCTION

Previous experiments have shown that many coral reef inver-
tebrates have a narrow upper tolerance for temperature (Mayer, 121<;
Cary, 1931; Edmondscn, 1928, 13946; Rupp, 1973; Yamaguchi, 1974).

Above this limit, feeding and respiration (metabelic activity)
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sericusly disturbed, with death eventually cccurring ebove a criticzl
tempercture. Normal lemperatures experienced on the reei and vesf
front aveas around Guam vary from 26° to 29° C year rourd, although
on shailow reef flat pools during low spring tides and irtense soler
radiation temperatures may exceed 36° C. A man-induced source ¢f
increased water temperatures on corai reefs is the thermoelectriz
power plant such as Lhe one located at Tanguisson Puint, Guam. Thi:
povier plant uses seawater for condenser cooling and then releases
the eTfluent directly onto the reef flat. Studies at Tanguisson hew2
shown the discharge temperature varies from 32.5° to 37.85° C, with =
mean of 33.8° € (Jones and Randall, 1973).

Very little work has been done on the thermal tolerznce of
tropical echinoderins. Temperaiure effects on respiration of
temperate cchinoids have been investigated by Farmanfarmaian and
Giese (1982}, Johansen and Vadas (1967), McPherson (1968), and
Ulbricht and Pritchard (1972). Rupp (1973) iested the effects of
temperature on the fer{ilization and carly cleavage of some tropi

echinoids and asteroids, including Linckia laevigata. Yamaguchi (1374)

studied the effect of tcmperature con the metabolic activity of

Acanthasier planci.




The asteroid genus Linckia is a very conspicuous and common com-
ponent of the reef fauna, occurring throughout the tropical Indo-West
Pacific area. When one examines the various areas along the reef, an
apparent zonation of the forms of Linckia is evident. Linckia
laevigata is comnonly found only in a shallow, reef-flat habitat,
whereas Linckia sp. is gencrally found only in the deeper areas of
the reef front and reef terrace (Yameguchi, in press).

The reef flat is an unique environment and organisms living
there musi be able to withstend rather severe environimental changes.
These stresses include increased water temperatures, occasional ex-
posure and reduced salinities caused by fresh water runcoff curing

periods of high rainfall. An asteroid such as Linckia laevigata

which inhabits the reet flat would be better adapted to these
stresses than other starfish. Prior work (Yamaguchi, 1974), on

therimal stress of Acanthaster planci which is rarely found on the

reef flat. suggested a comparison of Acanthaster with L. laevigata.
One might find greater resistance to thermal stress in L. laevigata
thair in A. planci.

Like Acanthaster, this starfish is rare in the reef flat area. In
addition, Linckia sp. may be an eco-ferm of L. laevigata, es they
appear almost identical in form, differing only in color and certain
miror characteristics in morphnology. A comparison of the thermal
tolerance of L. laevigata and Linckia sp. is made to test the hypo-
thesis of *herimal stress as a limiting factor of a local distribution
pattern. Some comparative comments are made with reference to

similar studies on A. planci made by Yamaguchi (1974).



MATERIALS AND METHCDS

A. Field
In the field, observations of reef areas wers made tc determine

the habitats, depths and apparent zonation of Linckia iaevigata and

Linckia sp. In all, eigat 10c§tions were surveyed using Scuba (see
Fig. 1). The locations were chosen to-give 2 variaety of habitats
and depths, and includad one station (#8) or the windward (eastern)
side of Guam. Preliminary surveys hed indicated a lack of asteroids

on the windward coast.

Preliminary field work had shown that Linckia individuals are

(%]

generally aggregated, and these agaregations are randomly distributed.

This type of distribution would rule out the point-quarter and random
pairs sampling technicues. A 100 m transect line was tried, where
the whole length was searched cut 10 m to either side. This method
was discontinued as it yielded a very low numbar (less than 10) of
starfish per transect.

Therefore, a timed swimming-search zpproach was used. Search
tines of 30 minutes were used and the following data were recorded orn
an underwater siate: the time of sighting a starfTish, species, arm
radii (mininmum and maximun), depth, substratc and any unusual morpho-
logical features. On a reef slope or submarine terrace, a zig-zag
pattern of search was used allowing even coverage to all depths down
to 30 meters. Although not as accurate as quedrat sampling, the

S

wimming count mcthod enabled the diver to count adequate numbers of

stei fish and to search a greater area.
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Figure 1. Eight Linckis survey Tecations. The chaded areas indicate



Another objective of the field work was to obtain some physical
and morphoiogical data on the twe forms of starfish, since a species
difference has not been clearly estabiished. Twenty-five specimens
of each forir of starfish were collected, representing a nearly
complete size range of adults. The 7ollowing weights and measurements
were taken: each arm length (from center of oral disc), each arm
digmeter {out 1 cm Trom edge of disc), cdisc radius {(between each arm),
underviater veight and wet weight. Measuremenis were taken 1o the
nearesi 0.1 mm with a caliper. Underweter veight was taken to the
rearest 0.1 g with an Chaus Dial-0-Gram balance, supporting a per-
forated plexiglass platform which was submerdged in a large round tank
filled with seawater. Measurementis were made at 28° C {water
tenperature) and 35 °/co salinity. Underwater weights were used as
the permeability of body wails causes inaccurate wet weight mezsure-
ments (see discussion by Yamaguchi, 1974). Wet weights were also
teken by drying the starfish as thoroughly as possible and weighing
it on a triple beam balance to the nearest 0.1 g. Ten specimens of
each sta fish were also dried in & drying oven at 1102 C until no
significant change in weighi occurred. Dry weight was established as

drying for 24 hours at 116° C.

B. Luboratory

The encrgy expended by many animals in expressing relative
fitness or edaptation to a given habitzt or stress is reflected in
their basal metatolism rate. Thus the energy expenditure caused by
changing temperature can be voflected by oxygen upiake in an animal

at rest, since the rate of oxygen uptake is directly related to



temperature in poikilotherms (see review, Vernberg and Vernberg,

1570). Therimal stress studies were conducted on Linckia laevigata

and Linckia sp. using oxygen consumption as an index. A1l work was
done at the University of Guam Marine Laboratory.

Collections of both forms of Linckia were made weekly from
February 1974 to September 1974. The reasons for obtaining specimens
fresh from the field were twofcid. Firsi, the need for well-fed
animals has been shown. since starvad animais show e drastic reduction
in oxygen ceasumption (Farmanfairmaian, 19863 Yamaguchi, 1974). Since
the feeding preferences of Linckia hsve not bcen established, it is
not possible to keep the starfish in holding tanks for long periods
of time to insure their nutritioral state. Secondly, a type of in-
fectious growth often appears on starfish which are held in tanks.
This appears as a slimy, milky-white girowth (possibly connective
tissue) which spreads rapidly over the surface of Linckia. It has
been observed to occur as soon as 24 hours after field specimens are
brought to the laboratery, but sometimes may not appear even afier
several weaks.

The starfish were placed in large holding tanks approximately
1.2 meters in diameter which featured an enclosed filtering and water
circulation system. Prior to an oxygeinn determination run, starfish
were placed in two holding aquaria to adjusl to the experimental
temperature for a period of 12 hours. These were 40-1iter rectangular
plastic aquaria with a double air-1ift driven sand-bed filter system.
The temperature was maintained in these acclimstion tanks by aquarium

imnersion neaters regulated by a thermostat to the desired temperature.



Two respiration chambers were placed inside an aquarium identical
to the holding aquaria. Each réspiration chamber consisted of a
cylindrical four-liter Lexan container fitted with a water-tight
plexiglass 1id held in place by latex tubing (see Fig. 2). Three
holes were drilled in the top. A glass snaft with a three-bladed
plastic propeller connected to & motor of about 120 rpm was placed in
the center hole. The other two holes at opposite edges of the 1id
held plastic tubing which allewed vor water circulation between the
chambar aind the holding aquarium. Circulation was accomplished by a
Cole-Parmer masterflex tubing pump et a rate of approximately 1.5
liters/min.

Standard metabolic activity of Linckia laevigata and Linckia sp.

was determined at 25, 28, 31, 34 andA36° C. Experimental temperatures
vere maintainred by using a Versa-Therm electronic temperature con-
treller in conjunction with a mercury thermoregulator and heating
elements. These units provided very precise and constant temperatures
(= 0.05° C) necessary for this vork.

After the starfish had been adjusted to the e§perimenta1
temperature for 12 hours, each starfish was transferred to a respi-
raticn chamber and thc cover sealed. The propeller and water civcu-
lation pumps were activated to provide both water circulation and
agitation within the chanmbers. This was continued for 60 minutes to
allow the water {o theroughly mix and Lo enable the stavrfish to
maintain a stable position of rest (no movement). It was necessary
for the animels to vemain quicscent during the expzrimental period

(usually six nours) to properly measure the metabolic rate. Generally,

the starfish would affix themselves inverted on tne cover of the
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chamber and remain there for the duration of the experiment. After
one hour of water circulation, the circulating pumps were stopped,
isolating the water in the respiration chamber. Mixing of water
within the chamber was continued by the prcpeller. Oxygen concen-
tration of the water at the beginning and end of a 60-minute run was
determined by the Winkler method (after Strickland and Parsons, 1968),
using €60 ml samples taken in replicates of three. These samples vere
drawn out from the chamber via the siphon tube equipped with a shut-
off (Figure 2). To prevent changes in oxygen because of algae and
other micreorganisms, the interior surfaces of the respiraticn
chambers were thoroughiy cleaned and dried after each day's use.
Tests of oxygen consumption with no starfish in the chamber showed a
negligible difference (smaller than the error due to titration).

The difference in oxygen contenti before and after each 60-minute
pericd should equal the amouni of oxygen consumed per hour by the
starTish. The volume of the respiration chamber and weight of the
starfish were determined, and & rate of oxygen uptake was obtained.
Three 60-minute detcrminations were made for each starfish, with one
hour of mixing of the water inside and oultside of the chamber between

"

runs. A total of six Linckia Jaevigaia and six Linckia sp. were

tested at each of the Tive temperaluires. Specimens of approximately
equal size were chosen to minimiza the difference in oxygen consumption
reletive to body size {(Farmenfarmaian, 1966; McPherson, 1266). Under-
water weights were taken (sce Field section) immediately prior to each
experiment.

Since rate of oxygen uptake in poikilotherms is affected by

factors other then temperature, all other parameters were closely
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controlled. Salinity was maintained at 35.00 + 0.20 ©/co by the

addition of distilled water when evaporation occurred.

between 8.0 and 8.2.

The pH varied
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RESULTS AND DISCUSSION

A. Field

Time swimming counts wer2 cenducted at eight locations around
Guam (see Fig. 1). The Hilaan Point area surveyed is a large mound
approximately 300 meilers from shore which rises to within five meters
cf the surfece. The sides are steeply sloped and drop off to over
30 weters on the norihern edge and to about 15 to 20 meters on the
southern and seaward slopes. Coral cover is rather barren except
for Millepora and a few encrusting coral species. There is often a
strong current present. The area contains numerous holes, crevices
and depressions which provide gecod hiding places for starfish. This
area supports the largest and most dense populatiorn of Linckia sp.
oi any area the authoir has seen in almost three years of diving
Guam's reefs (see Table 1).

Tanguisson Point, the site o7 the Tanguisson Power Plant, is
about 0.8& km to the south of Hilaan Point. Thermal discuarge has
killed most of the reef Tife on the reef flat and reef margin
directly in frent of the discharge channel. This area is charac-
terized by a wide submarine tervace (up to 100 m wide) gently sloping

rom a depth of about five meters tc 15 meters where the seaward
slope drops sharply to a sccond submarine terrace at about 30 meters
deep. This area has numerous low relief mounds, pinnacles, and rocks,
with occasicnal channels which provide nunierous holes and cracks for

niding. Coral cover has increased since the Acanthaster infestation

of 1968-69 left over 95 per cent of the hermatypic coral dead in



Table 1.

Results of Linckia surveys at eight locations on Guam.

Linckia laevigata

Linckia sp.

Station and Mumber and Dcniity Mean Median | Number and | PeSTY | Mean  |Median
Ngmber of 30- Parcent of DEQZr Depth Radius Percent of U?S;r Depth [Radius
minute counts Total Héu; (Meters)| (mm) Tota] hour (Meters) | (mm)
1. Hilaen Pt. (& n {0) 0 -- -- 174 (100) 53 12.5 178
2. Tanguisson ' (1) 1 9.0 150 ¢ & (99) 22 11.0 185
Pt. (5)
3. fsan (2) 5a (70C} 58 3 98 0 (0) 0 -- -
4. Neye Is. (5) iz (82) 29 71 161 16 (18) 6 10.7 186
5. Anae Is. (4) 91 {100) 45 2 113 0 (0) 0 -- -
6. Merizo (2) 4  (100) 4 3 140 0 (0) e -- --
7. Cocos patch 5 (100) 5 5.3 132 0 (0) 0 -- --
reef (2)
§. Pago Bay (4) ¢ {0) 0 -- - 0 (0) 0 -- --

2L
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this area (Pandall, 1973). However, the coral relief is low with
many areas still barren of live coral. This however seems to be an
ideal habitat for Linckia sp., since this area also supports a large
population of this starfish (Table 1).

The Asan location was surveyed from shore along the extensive
reef flat (approximately 200 m wide) down to the second submarine
terrace et a depth of about 30 meters. No spaecimens were located
beyond the reef-flat zone, even though the topography and coral cover
are very similtar to that of the Tancuisscn area. The population on

the reef flat is extensive but composed of small Linckia laevigata

(see Table 1). The mean arm radius of the individuals of this popu-
lation, which has beecn monitored over a period of 12 months (Yamaguchi,
personal communication), has not increased significantly, averaging
gbout 100 mn in radius. No individuals were located in deeper water
out from the reef flat as was the case at Anae Island.

Neye Island, located at the north of Agat Bay, is connected to
the shore by a very shallow, narrow reef flat. This flat extends to
the east of Neye Island and drops off slowly to a depth of 12 meters.
The slope along the southern and western sides of Neye Island is
steeper and slopes rather quickly to a depth of 18 meters. The
bottom arcund Neye Island is similar to Tanguisson with numerous rocks,
mounds, and gullies and rather sparse coral cover. This location

supperts populations of both L. laevigata and Linckia sp.

Anae Jsland is located in the southern part of Agat Bay., and is
situated 1,000 m off shore. The shoreward side of the island displays
an extensive, shallow reef flat approximately 400 m long and 200 m wide

which supports a large population of small L. laevigata on the reef
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flat, as well as a few larger specimens in deeper water (Tabie 1).

The areas surrounding the island slope off rather gently (except for

the seaward slope) and are characterized by high relief and numerous

mounds. Coral cover here is much more extensive than at stations 1-4.
In Cocos Lageoon, two areas were surveyed. One was located

directly off the village of Merizo, approximately 200 m southcast of

the entrance to lMamaon Channel. This area is a narrow (50 m) reef

flat which slopes intc the main channel. Visibility is low znd

Acropera is the dominant coval. Only a few L. laevicata were found

in this area (Table 1). The other location was inside the lagoon

proper on one of the patch reefs located in 4-6 meters of water.

These patcih reefs are almost entirely Acropora formosa surrounded by

a sandy bottom. Only a few L. laevigata viere seen in this area.

Payn Bay, situated on the eastern side of Guam, is subject to
heavy surf action most of the year. There is a reef flat about 100 m
wide, a narrow first submarine terrace and a fairly steep slope down
to a second submarine terrace at about 25 meters deecp. The coral
cover is rich and diverse with the buttress system well developed.
Four surveys {as well as numerous pleasure dives) failed {o revezl a
singie specimen of Linckia.

The results of the surveys made ail the eigni stations are suin-
marized in Table 1. This table shous the number and percentage of
each starfish at each location, its density per hour of scarch (one
diver), and the mean depth and size of each population. The calcu-
lated densities are mest likely conservative estimates, for not all
the animals could be located in the area surveyed. Being cryptic,

some starfish, especially Linckia sp., may be totally or partially
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hidden from sight within a coral head, in holes or under ledges. An
effort was made to search such areas, and starfish were counted even
if not retrievable for measurement.

Figure 3 shows the starfish composition at each depth class,
based on a total of 547 starfish counted. The number of starfish at
each depth is given by the number within each bar. Figure 4 shows
how starfish are distributed among the five depth classes. From the

above two figures it is clear that Linckia laevigata occurs mostly in

the shallow areas, especially the reef flat, whereas Linckia sp. is
not found on the reef fiat, prefering deeper water. There is con-
siderabla overlap of the two forms in the 3.3-6.2 meter and

6.3-9.2 meter zone. This cohabitation was most evident at Neye
Island where similar size animals were found well mixed between six
and 12 meters of water. However, in water shallower than six weters
and deeper than nine meters, the two Linckia seem to be well zoned.
No Linckia were located at depths greater than 21 meters.

The vesuits of the comparison of wet weight to underwater weight
and dry weight to underwater weight for the two starfish are shown in
rigure 5. Correspending regression line forrulas and high correistion

oefficients indicate a good fit for ike dsta. There was no signi-
ficant drfforence (p < G.0b) between L. laevigata and Linckia sp. in
either relationship. Underwater weight of Linckia was approximately
ong-half (0.480) the dry weight and one-sixth (C.162) the wet weight.

Since the iwo forms of Linckia being considered appear to be
very simiiar morphologically but well zoned in their habitats, it was
decided to look at sume of their physical characteristics. An attemnt

was wade to establish a relationship between some easily mcasurable
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Figure 5.

Relationships between the underwater weight and wet
weiant, and underwater weight and dry weight for the
two forms of Linckia. Regression lines vwere calcu-
lated by the least-squares method. Formulas are
shown where Ky=underwater weignt, W,=wet weight, and

Wg=dry weight.
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parameter and body weight for Linckia. This woulid also enable a

person to obtain a measure of underwater weight or dry weight by
making a simple measurement in the fieid. Figure 6 shows a
logarithmic plot of arm length against underwater weight. The
equations for the regression lines of L. laevigata and Linckia sp.
fall within the "expected" power-law relationship beiween weight and
length of an animal. The reascn for the small grouping cf points
for the plot of Linckia sp. is attributed to the fact that small

specimens of Linciia sp. are o=xtremely rare. 1n all the fiela

surveys, the size rangs observed was 150-230 mn (arm radius), whereas

n

the rangc observed for L. laevigata was 706-200 mm. Figure 6 indicates
that for an individual of given arm radius L. laevigaia would weigh
more than Linckia sp.

A Tcgaerithmic plot of arm diameter against underwater weight is
showr in Figure 7. Here, both regression lines showed higher cor-
relation ihan in Ficure 6, although the Linckia sp. points are again
grouped in a small area. This suggests that for equal weight starfish
Linckia sp. weuld have mere siender arms thsn would L. laevigata.

Considering both graphs, it would apnear that there is a d¢i
in gross morphoiegy (slenderness of arms) between the two starfish.
It wos evident from the survey work periovied that L. Jaevigatz tends
to have shorter, fotter arms tnan doos the slimmer-armed Linckia sp.,
although specimens of L. lasvigato were sometimes found which had
long, siender arms resembling Linckia sp. except for their blue

coloration.
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B. Llaboratory

Results of the thermal experiments are shown by the Arrhenius
plot (after Farrell and Rose, 1967), using the Yog of rate of oxygen
upteke against the inverse of the absolute temperature (Figure 8).

The means were calculated from the consumption rates of six star-
fish, with each starfish being used for three, td-minute runs at each
temperaturz. The bars represent the 9% per cent (two standard
deviations) confidence 1imits of each mean uptake. For comparison,

the plot of Acanthaster planci is inciuced (after Yamaguchi, 1974).

The Qip values are shown for each siope. For 34° and 36° C, metaboiic
rates were also measured on starfish that were not adjusted to the ex-
perimental temperature for 12 hours. Results of the oxygen uptake by
both forms of starfish yielded significantly higher (p < 0.001, t-test)
rates at both 34° and 35° C. These resu’is were similar to those
obtained by Farmanfarmaian (1966). He concluded that when the
temperatiure is abruptiy changed, most poikilotheris show an initial
OVQTShO“' (shock reaction) that lasts for secends or wminutes, but

there then follows 2 stabilized rate which ustelly iasts for several

!

hours. Similar Tindings were also reported on the tittoral sea
urchin Eucidaris (ficPhersen, 1968). McPherson found that urchin
placed 1n higher o lower temperature {anis resulted in a marked in-
crease in oxycen conswiption during the first 20-30 minutes, follow::
by a decrease and stabilization after about 40 minutes. For this
reason he used a one hour acclimation period in his experiment, as
did Ulbrichi and Pritchard (1972). |
Analysis of the rate of oxygen uptake against temperature for

Linckia laevigata, revealed no significant difference {p < 0.05)




Figure 8.

Frrhenius plot of the relationship between the rate
of oxygen uptake and the inverse of the absolute
temperature for the two forms of Linckia. For com-
parison, vaives are siown for Acanthaster planci
{after Yamaguchi, 1974). Vertical bars indicate
the 95% confidence limits (two standard deviations).
The Qjp values are shown Tov each Tine.
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between the oxygen uptake at 25° and 283°, between 31° and 34°, or
between 34° and 36° C. This tends to show a leveling off of the
metabolic rate between 31° and 34°, with an indication of stress scome-
where between 34° and 36° C, although not a very intense drop in con-
sunption (Qyg = -2.70). This flattening of the curve was observed in
a review by Newell (1970) in several intertidal animals. Newell felt
that this leveling off of the rate indicated an important homeostatic
mechanism in a poikilotherm which would allow relatively constant
rates of metabolic reactions despite fluctuations in temperature.
McPherson (1968) also concluded that the sea urchin Eucidaris main-
tained some control over its oxygen uptake with temperature.
Linckia sp. showed significant differences (p < 0.001) in oxygen
uptake between 25° and 28°, 31° and 34°, and 34° and 36° C. However,
therc was no significant change in uptake between 28° and 31° C
(p < 0.05}. Linckia sp. showed an almost linear increase in cxygen
uptake from 25° {to 34°, followed by an abrupt decline from 34° to
36 C (Qyg = -14.57). This sharp drop would tend to indicate that
Linckia sp. is severely siressed thermally somewhere betwcen 312 and

36° C, much more so than Linckia lacvigata.

During the course of the six-hour determination, Linckia sp.
frequently would collapse on the botiom of the respiration chamber
rather than cling to the top or sides as it did at Tower temperatures.

When the starfish were returned to ambient holding tanks
following the total of 18 hours at the experimental temperature, none

whereas four of the six Linckia lacvigata recovered from the exposure.

At 34° C, all six L. laevigata reccvered from the 18-hour exposure,
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but two of the Linckia sp. died. These observations would tend to
support the belief that an intertidal animal such as L. laevigata is
better adapted to survive the fluctuating environmental conditions
of the reef fiat than an animal whkich inhabits the deeper water.
Attempts to determine the thermal death point resulted in highly
variable results. Death was considered when the starfish was no
longer able to right itself when inverted in the testing aquarium.
The criticsl temperature would seem tc¢ bo somevhere between 34¢ and
36° € based on the metabolic rate temperatuvce curves. At 36° C,
L. laevicata survived for a minimum of 12 hours up to a maximum c¢f
30 hours, with a mean survival time of approximately 22 hours. The

other starfish, Linckia sp., had a survival time that varied from

one hour to a meximum oi z0 hours, with a mean cf approximately

eight hours. Survival! of Linckia sp. was even more variable than

L. laevigata, but the trend indicates that L. laevicata could survive
the elevated temperatures cf the reef flat Tor longer periods of

time than could Linckie

1971

.
Rupp (1973) tested the effects of tomperature on the fertili-
zation success and eariy cleavage ¢f several tropical echinoders.

He found fnat Tertilization success in Acanthaster planci was re-

duced at 34.0° C, but that it vemained unaffected in L. leevigata,
while both spzcies were biocked atmost eaually at 36° L. Thase
restlts suggestzd an upper therwmal tolerarnce iimit of 31° to 34° C
for A. planci, and 34° to 36° C for L. laevigata. The range of
34°-36° C for the upper Timit for fertilization of L. lgggjggig_is
in good agreement with the results of this study, and the range of

319342 € for A. planci agrees well with the critical temperaiure



of 31°-33° C found by Yamaguchi {1974). It would be interesting to
determine the effect on fertilization and early cleavage for
Linckia sp. to see winether or not they are affected by temperatures

lower than 36° C. It has been reported that L. laevigata shows con-

tinuous spawning throughout the year near the Equator (Pearse, 1568)
Therefore it is likely that the gametes and fertilized eggs would be
subjected to the elevated temperatures of the recef flat for at least
shert periods of time., if spawning cccurred during the day. Perhaps
fewer larvae of Linckia sp. which findg their way onto the reef flats
are able to survive.

It has beoen reported by several workers (Farmanfarmaian, 19663
Newell, 1970) that rate of oxygen uptake is directly reiated to the
amount of dissolved oxygen in asteroids and it would seem that
Linckia would react similarly. Since the sclubility of oxygen in
seaviater decreases with increasing water temperature, the amount of
dissolved oxygen available to Linckia was less at the higher ex-
perimental temperatures. Comparing the amounts of dissclved oxygen
at the various temperatuies to the theoretical concentration at fuli
saturation (Green, 1965), the saturation level varied fron 83 per
cent at 36° C to 92 per cent at 25° C with the animal in the chamber.
‘hen comparing oxygen uptake and concentration of oxyger (oxygen
tension) with three species of the urchin Strongylocentrotus,
Jehansen and Vedas (1967) found steady levels of oxygen consumption
until the pressure of oxygen dropped below 60-70 mm Hy (less than 50
per cent saturation). Because of the small amount of oxygen consumad
by Linckia during a 60-minute run, it is unlikely that the concen-

traticn of dissolved oxyyen influenced results significantly.



29

Possibly if the 100 per cent saturation levei of oxygern at 36° C had
been maintained for all other experimental temperatures, the Qyq

values (slope) micht have been greater than those observed.



CONCLUSIONS

linckia laevigata is a common inhabitant of the reef flat zone,

whereas Linckia sp. is rarely found in this area. There exists con-
siderable overiapping of the two forms between the depths cof thrae

and nine moters. Linckia jaevigata is rarely Tound in depths groater

than nine meters. Onre veasen for this zonatien of forms might by ihe
degree to which these asteroids vespond to elevated temperatures.
torphulogically slight but consistent differences exist betiween

the two Torms. Linckia laevigata tends to have shorter but fatter

arms than does the more slender-rayed Linckia sp.
Within a gecuraphic region, such as around Guem, the two startiish

cen be distinguished by color. Linckia laevigata is rich cobalt blue

whercas Linckia sp. is brown in color. However, Harsh (1974) recorded

orie brown L. Jaevigata from Tahiti. Three siall brown L. laevigets

were also fTound in Fiii (Marsh, personal communication). Occasionally.

L. laevigatz has an orange oral surface on an otherwise blue poc

reporied from the Philippines (Dowantcy and Roxss, 1933) end Pairu
1938). The author has coliected two L. laevigata fiom Suam

which had crange actinal surfacss.

Therinal work has indiceted that i

a linmiied cegree of contrel over its metabelic activity at 31°¢ to

3¢ €. Linckio laevigata is affected Jesc severely by 36° C tewper-

aiures than is Linckiz sp. Preliminary data suggsst that L. laevigata

S

o

can better survive short exposures of high temperature water such



that encountered at low tides during the day than can Linckia sp.
This agrees well with the habitat zonation shown in this paper.

Rupp (1973), showed fertilization of eggs in Linckia laevigata

to be unaffected up to 34° C, and concluded that this astercid is

better suited to an intertidal existence than Acanthaster planci.

When compared to A. planci, studied by Yamaguchi (1974), both Linckia
seem Lo have a greater thormal resistance and higher critical
temperature (about 3° C higher).

The preblem of what to cali Linckie sp. still remains. Taken
together with the differences in metabolic activity, morphometry,
habitat (zonation) and coloraticn, it is clear that a phenotynic

difference exists between L. laevigata and lLinckia sp. Although this

is a difference at a species level in the classical sense of taxonomy.

wn

G

more work nzeds to be done to demonstrate whather Linclkia sp. i

distinct species or an eco-form of L. laevicata. Results of cross

fertilization between L. laevigata and Linckia sp. resuited in 1C0 ver

cent fertilization &nd normal developmant to the advanced bipirnaria

stace (Yamaguchi, personal communication). It would be interesting

te investigate further the phylogancetic relationships between the two
1

forms cf Linckia.
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