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ABSTRACT

The following study investigates the rageneration rates of sponges

with respect to o variety of paraneters. We propose that rates will vary

betweon norphology types, and that anong three bas 110 types, rope sSponges
shall reqonerate faster than tube sponges, which are in turn Faster thawn

encrustilyg fadividuals found in shallower regilons will

(3

ragenerate] Ffoster than their consy cifice in decpar areas, Thirdly

B

gpacias with a greater relative density of spic cules will have slovew

rageneration rates than those with a lower density, due to the energy

° o

cost of skeleotal structures and resistance to damage. And f£inally, we

predict that the sizme of the demaged erea will have no effect on the rate

of regenerationy a larger hole will talke o proportionally longer time to we -

Twe sites were established at two depths, on the West Hyeg Reef at

Discovery Bay, Jamaica, Six speciles wvere exanined over a sixeday period

For reqgeneration of holes bored into the tisnsue. Possible trends developed

ity as o funct on of norphology type, depth, and extent
of damege inflicted, Structural tissues were also ewanmined, which showed
a positive correle tion beiween spongin fibers and regeneration rate.

Spicule content did not appear to be related to vrepolir rates in ony way.




INTRODUCTION

The regeneration of damaged timsue ism ocruvcial to the surdival of
an organism, but also Jeopardizes the fitness of an individuwal by die

The persistance of an

&
]
)
@
]
L3

verting energy from other netabolic processmi
animal depends mainly upon its successful feeding, growth, and reproe
duction, which suffer from tissueelose elther from direct damage to the
gysten or indirect deprivation of energy.

Sponges on & coral reef incur damage from a variety of sources, ine
cluding fish predation, turbulence, and sedimentation., Broken portions,
or gaps created from fish bites remove part of the canzlecirculatory
systen, Optinal food filtration is impaired by the decrgased number of
functional flagellated chambers.

The regeneration of tissuve is different from normal growth processes
in sponges(Jackson &Palumbi,l978), Crowth does not involve budding, as
in cheilostones, but occurs via edge extension, cell proliferation, and
innmigration, Only later does differentiation into functional units occur
(Simpson,1968), Regeneration may not even involve growth, but rather
the immigration of adjacent tissues iIinto the damaged area (Reiswig,1973),

The ratew of regeneration vary widely snong species of sponges
(Jacksont Palumbi,1978), and nay be dependent upon biochenical processes
and aggregation tendencies of sponge cells, A compound identified as

tAggregation Factor'! was demonstrated to induce celleg to aggregate at




uzw

low temperatures thot normally inhibit aggregation(Humphreysel970),
It also is capable of mimicing a normal cellullar reation by causing a

mixnture of cells to aggregate species specifically.

o
o

Rates of regeneration are also dependent upon envirommental factors,

such as turbulance and sedimentation. Hach of these may hinder recovery

in addition to creating initial damage. Differential regenerative abile

ities may determine individual resistance to predation or mechanical

2.

domage s Fast regeneration would reduce possibilities of competitive
exclusion due to larval recruitment on a newly expomed substrata.

There are several parameters which shollld have an effect on the
individual fate of regeneration of & sponge, Certain morphology types
appear more suscaptible to damage due to turbulence. Rope sponges ought
to be the nosit prone to machanical demage, dus to their smaller matio

.

of attachwment oite to

oF

issue volune, They will be followed by round-tube
sponges, with the encrusting sponges hypothetically being most damage
resistant, The wmore ms#e vulnerable structure btypes are expectsd to
regenerate faster in owder to survive thoe turbulence,

Saecondly, exposure to mcouring effects of relatively high fturbidity
and surge at shellower depths night exert selective pressure against
vulnerable sponges thut camot regensrate rapidly. The calwmer waters at
depth would be able o suprort a population with slowver regeneration

v

rates than the conspecificsm shallower regilions,
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Thirdly, the skeletal structure of a sponge may deternineg its ree
generative capabilities. There are conflicting views on the relationship
betweaen spicule content and predation, Bergguist (1l978) maintains that
there is no predation deterrance related to the presence of spongin
fibers, Murthermore, Randall and Hartasn(l968) show that there iz no
genersl corralation between percentage of splcoule content relative to
organic matter and the fregquency of consumption by fial, They: didHove
ever, note that the two species of sponge most widely consumed (results
by gutecontent onalysis) did hove extremely low spicule content. The
next twenlty sponge species showed no such clear relation. In fact,
they waintain that fish redation is unimportant in controlling sponge
population in the West Indies., Therefore, while pradation may exert some
zelective pressure with respect to splcule content, and in turn , with
respsct to regenerative ability, the greater ramlfications of the support
tiscues deal with sponge structure and stability.

Spicules are nost important in maintaining the grocs structure of the
sponge, and are necessarily for Suppoxte. Moreover, splicule secration mew:i
quires a large percentage of the sponge enexrgy budget. It would appesr
that such sponges with a higher density of spicules would be less prone
4

to mechonical danage and therefore would not allocate as much energy to
AL 4

regonerative procesces, Hence, sponges with & higher density of spicules

would be subjected to less selective pressurs for faster regeneration




ratet,
Pinally. an individual aponge would not be expected to incresse its re-
$ 2]
generation rate as a result of a larger area of damnge, Hence, a larger

hole should take longer to regenerate compared to a smaller perforation,

METHODS AND MATHERIALS

3

STUDY SITH. The field manipulations for this ihvestigation wers perforned

K3

at Mooring 1, established by the Marine Laboratory. on the West Fore Reef

at Discovery Bay, Jamaicé?géue araa around the wooring consists of rough
reef butresses divided by sand channels running northesouth, and sloping
downvards to depths greater than 100 feet, There are many swmall patch

reefs within the chennels, as well as piles of rubble from Hurricsne Allen,
1980, Much of the coral fauna was obliterated by the stor, leaving a
ganerally depouperate coral population. The sponges, by virtue of theilr
relatively Fast growth rates and regenoretion ratesm, were able to rew
establish thReir populstions. Significant recovery in the wajority of
sponges studiedi was noted within 2«3 weeks after the hurricane(Woodley,

.

Chornesky, ot.1l.,1981). Thus, at prescent there exists a rich community

)

of Porifers on the West Pore Raesf,

Study sites weve established at 40 feet and North-North-West at 90

feet, BSponges considered were located on o varisty of substrateg, including

i

patch reaf, mand, and butress, The deeép area apporently incurred less
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hurricene damnge, as there is less rubble and more abundant coral.at

e

this aite. Purthermore, a qualitative assescnent wilth rcespect to wave

surge at the two depths made while SCURA diving, reveanled o much stfonger
swall ot the shallower site,

METHODS . ALL £ield work was performed using self-contained-underwater-roit
breathing-apparatus (SCUBA ), At a depth of 40 ft,, immediately adjacent to
Mooring 1, six comwon sponge species were designated., Of the six species,

there were three general norphology typese--rope, encrusting, and tube/round

sponges, We selected two species within each morpholiogy group Ffor study.

[

At the 90 £%, smite, one of the species from each shallow morphology group

vas usad to study the effects of depth of regeneration rates thin a given

© °

species. Three replicates of sach mpecies were included,

The sponges were tagged by tying flagging around mumbersd 75 uls plast®
ic bottles, These floats vere anchored near a given specinen with a string

tied to a pilece of coral rubble, A hole wasm bored into esch specimen with

o 4 nn, dianeter coxk borer, to a depth of one cne, wherever possible. The

following is a list of

A, 2

o1 P £ 4 o g . oy oA 3
tho species used for the studys

ROPE: (found only on reef substrate)
1. Jlotwzochotu birotulatee gresne black with rough, irregular sur
foce, Inconsoicuous ozmcula,

2 Agelas op.- o

SBULDCE,

pu

nge with lebma, oscula scatiered over & swmooth

RHCRUS EANH~( only on reef substrate)
3. Brotm OTUe wmoouhg darl brows owed
4, Rust OlUw rust colored, snooth surface with Somn, osduls,

th Lout, ozoula,

) TUOLT/ROUND « (om cither sand or coral nuvmwr&tQB
VQﬂxw/nfﬂ , S.C0reen tube OTUe green-gold ocolowr, one lorge, centeal osculum’
s (Zmfom, ). Rough sued

S ed
He Lrcinis ﬁ?VOﬁli¢mum 5 ghherical or pillow zhoped with sev
sral dark (mlu slustered ot the top. Rough ourface




nacle

in eddition to the dmm, hol,,, a lorger, Swn, AF

in & aingle individual of the green tube sponge OTH -o well oo the

At hoth denthas. ALL sponges were monltorad on = gim_wosnther pere
mitting, Torn reganarotive dsvelops The level of regeneration wasm assass

£
ed on o scale from Ond, Frow no progresp to complete regener:tion(O=none

regeneratlon begun, 2= approximately halfwoy healed, 3= alnost couplete,

conpletely regenerated), Bach specimen was followed Ffor 5«6 days, de-

ing on vwhen the hole was bored.

Sanples were also taken from a seposrate individual of each species

.

to examine the spicule content of the tissue. The invest:

carriad out in the DML wet laborotorys Pleces frowm each speclinmen were out

ot

[

~
X

. o e 2 . :
to a size of 128 cm” and 30 drops of bleach were added to each chunk, The
bleach merved to porticlly discodve the sponge tissue, releasing siliceous

renction van allowed to proceod overw

gricules into solution. The bleach x
night. The Following day, L0 dwops of water were added to bring the pro=

timsue poarts bock into solution, As the spioule extraction teche

quaontitativaly analagous for each speclies, aszessmnent of relae-

tive sploule density was pomssible., Three drops of sponge solution from a

given sample were added to each of two slides. The slides were then ex.

+ o

amined under a dissecting scope, and a spilcule couat in five fields of

vision was made for every slide.

v

Qualitative assessment of spongin fiber network was also performed,

,_‘
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15 ne used to dio e ey . .
Bleach wos used to dissolve away some of the soft tissue, and reveal the

structural spongin fibers when present,

RESULTS

The results froa the regenersatlion survey are summarized in Mic Des |

Tvery species showed some regeneration within 24 hours, except the Agelas c;f\

'

which showed no signs of regeneration throughout the length of the study.
¢ ¢ g v

The other rope sponge, Lotrochota biwrotulata, showed the

regeneration time, The green tube sponge showed the next fastent rate,

)

followed by Ircinia strobilina, and then the two encrusting sponges, Some

sponges displayed an interesting method of regenevotion., Moot formation of

a - 3

o P . 55 1 - 6.0 "
new btissue was from the inside, and agrew outwanit, The ILrcinia strobil
F

N
=2
P

o

produced a dense clot of mucous nenbranes within the danaged hole, The
qreen tube repaired its osculum wall first, and worked itso way outward,
the exhalant system first, and then the inhalant.,

There was a notable anount of intraspecific variation with respect to

rogeneration rates, The ervor bars in Figures 2«4 represent the st

a

deviations over the thred replicate spocimens,

e

In conporing the two specles of

each norphology type, similar trends
1 round /Stube groups, & Large

appeared for both the encruoting and 1

narasion rates woo Touwnd betweon thao Bwo cope sponges

i

s, Aoelas sp anowred ao
9 i &5

(Fige 3)e One of the spec

A o R it

P

2 hegled the danaged tissue the gquicken

QB
Q}

Totrochota birvotula



e (e

group, The two encrusting sponges shoved vewy similar development up to

ot 2.t

the thicd da 7y

species plcked up its rote of regeneration

. . o , . YA
ramainad at the sane level, Finallyaw the two wouldy

while thae
tube tyne sponges chowaed very sinilar rates of regeneration throughout

the study, although the initinl reaction of the Irocinla strobllina was much
more pronouncad, and the grecn-tube sponge regonerated totally by the end

of the astudy.

;:‘ o

Conparison of conspecific regeneration mates over o depth gradient

yielded interesting results. As in shallower water, the Agelas at 90 ft.

showed no healing within the experimental dnterval. The green-tube sponge

and the wust encrusting sponge both displayed trends which varied as a reasull

depth(Fig. 2)e The grecn-tube specinens 2t the deep site showed no
redqeneration until the second day, and procceded wore slowly from the

point, as compared to the rapid linear increasc of the shallow water sanple.

The wust encrusting sponges displayed a similar lag at depth. Thes

£

specinens showed no regeneration until thoe Fifth day of ohservations,

whereas the 40 £t, sponges showed an imnediate, but
Hal £

There are sevaral wmissing data points in the Field observations, due b

9

inclement weather of upavailability o

Lab analysis of spicule content showed absolutely no correlation

-
betwaen spicule density and regeneration ratos (Fig.5). The scatteret data

o Pl

is apparent, and yielded o correlation coefficilent , r==,038. This coefficieft

is not statistlcally significant.

Tt PR, Eag oy - L . o
Bpongin fiber networks were observed in three of the sin species




astudieds Ireinia strobilina, Lotrochota birotulata, and the green-tube

also exhibited the fastest regeneration roates.

sponga. These three spongas

Spongin networks appeared as follows:

t

N

lube (1)
There were no discernible networks in the other species,

Tovestigation of regeneration as a function of hole sine yielded the

K"

following resultss

TABLE 3
1
lg. ©

Agelag sp. G?q o

D

Sxecn-tube 9.0
sm.0

VR Oow
¥R 00w

As noted earlier, Agelas showved no signs of ragenaeration, regardless of

rhe extent of tissue demage. The green-tube sponge wevealad s much 3 lower

“ioh time For a larger hole siza. It was impossible, howevar, to
- 3 $

&
QD
=
o}
ot
&
o}
=
&
5

s
4

quantify or compare the rates for the two hole sizes.
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DISCUSE TON

A R Sl

‘

This investigntion showved several interesting twrer and indications

in relation to redeneration of sponges, There are several factors, hoth
physiological and environmental, which may play a vole in determination

-

Fic variations at each

3y

ratea, There were intraspecl

<
o
LiF
e

of variovs indivi

:

ce, in addition to differences between species of a siwnilar morphole

ogy type. Two of the three groups indicuted a gimilarity between spacies
of a morphology type, but the two rope sponges showed that this pattern
is not entirely consistante. The deviation in this trend may be an arti-
fact of a small sample size, and a more in‘depth gtudy ewanining a widex

range of species would show if either Agelas or L. birotulata were repre-
sentative of this wmorphology Type.

Regeneration rate variation with depth suggested o trend of slower

regenaration in conspecifics occurring at greater deptha,. There are severs

N
y .
e o v . -~ . e
/ % a1l reasons for less solective pressure for faster rageneration rotes at

i
1 : W ! (" - bral L . e g e e - g 30 oy gva - G S s . g Y
y greater depths. There is less turbulence, less turbidity,

sura, Bach of these facitors plays a wuach smaller role in tissue

donace ot greater depths, and an individual sponge would be likely to ale
J J’ ]‘ 3 & b b

locate energy o other processes. Furthernore, incrensed light attenuation

v
e
-t
=3
[is3

nay affectively reduce the number of symblotic algae presen POTLE

- s emy

tissua, The decreased energy source may in turn reduce the efforts chane

nelled into redeneration, The reduced light levels may also reduce coral




=] 5

'S

8, easing both competition pressurce for establishrent on o substrate
pressure o regenerate to avoid larval recruitment., A more in depth

currents, turbidity, and presence of symbiotic algae with respect

)
(&
Fr

tion rates at greater depths might reveal some interesiting

b(\ regenara
ke
trends .

Contrary to our hypothosoes, thrre wie nbrolutely no comvalation hoew

snlouls denoity and regeneration rote (Flg, 5)s Whils snicule cone

ous sgtudics (Reodall aond Hectmen, 1868, and

quist, 1978), &s not reloted to fish predotion, 16 wuld seon that this
the necd ©To rew

nificant structural conponent would

v allocoted for this orocess, A onall somnls

ate nnd/or the en

sime might exploin the lack of eny ovparent

4

the scatter of the date polnts ey ol 1y rofute tlo B e
gepted relationchips. Porhaps svdicule density hos o nore signifiicant role

in actual sponge growth, as oprosed To regonoratida NIOCassos,

suppont tilsoue, svongin, did appear o be

B

Anotherim DO tant ahructus

i e A twend towrnd the presence o

relatad Ho rTotheg

Ffoster regenevating sponges ener ed from qualitetive observationsz, The

threoe snecies displaving the fastest regeneratlion rates - Lotrochota biroe

tulata, Ircinia strobhilina, and the green tubs sponge = were the three

€1 e o s e e & . . i
sponge types containing a netwo rk of spongin fibers, Spongin might allow
( 1hex jalebaly & T a




) G

o

structural integrity, providing a tissue

danaged individual to wetain lts
P

framevork withif which regeneration may be initiated. The Agelas SDey

which exhibited no healing at the lesion site and appeared to actually

atrophg in the area proximal to the hols, has no spongin network to facile

itate regeneration. It instead seems to crumble and rot around the dame

aged ares,

o
=
juj
T3
=
W
{.,

G
@

Manipulstion varying hole sisze supported the prediction
areas of damnage require a loanger interval to repair. This vresult, however,
is based on a very small seuple size, since one of fthe two species exe
emined (Agelas) did not regenerate at all, regardless of hole size. Nevere
theless, the rdésult is somewhat intuitive; it is unlikely that a sponge
would be able to significantly aslter its regeneramtion rate according to the
anount of damage incurred,

In sumary, due to limited sample size, it is impossible to conclue
sively confirm our predictions concerning morphological similorities or debn
depth differences with respect to regeneration rates. Data were decisive
however, in rejecting and supporting the spicule and hole sige hypothese
respectively. The scope of the wesults was limited by the duration of the

experiment as well as the necessarily small sanple sizeos,
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Improvements in the investigation would include increasing both replis
cates within species studied, and number of species considered, There is
also a need for a more consistent method of damaging the sponges, as
several individuals were extremely difficult to penetrste with the cork
borer, There was most likely some variamtion in hole size between individe
uale, Purthermore, it would be extremely advantageous to quantitatively
assess healing progress, rather than using the rather subjective quali-

tative scale of this investigation,

The study of regeneratioh along a depth gradient showed sone extremely

interesting trends. These resmults would be wmore conclusive with a wmuch

e e .

Yarger sanple size, Moreover, multiple sites could be established at seve

eral points along the depth continuum,

In conclusion, this study has demonstrated several interesting trends

and correlations (or lack thereof ) pertaining $fo the inherent variability
of Porifera regeneration rates, Constraints on the experimental scope prew:
vented the formation of conclusive déductionsz from the results, At worst,

however, this investigation suggesis a variety of potentially interesting

and significant areas for further study,
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