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ABSTRACT

This research integrates processing of preserved samples and, for the first time, long-term
monitoring of live colonies and the study ot planula behaviour and settlement preferences
in four deep-sea brooding octocorals (Alcyonacea: Nephtheidae). Results indicate that
reproduction can be correlated to bottom te perature, photoperiod, wind speed and
fluctuations in phytoplankton abundance. Large planula larvae are polymorphic, exhibit
substratum selectivity and can fuse together or with a parent colony. Planulae of two
Drifa species are also able to metamor] »>se in the water column before settlement. This
research thus brings evidence of both the resilience (i.e., extended breeding period,
demersal larvae with a long competency period) and vulnerability (i.e., substratum
selectivity, slow growth) of deep-water cor. : and open up new perspectives on

experimental studies of deep-sea organi:
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1.1 Brief history of deep-sea research

Two thirds of the Earth’s surface is covered by oceans, and most of it is more than
2000 m deep (Gage and Tyler 1991). Life probably started to appear in the earliest seas
four billion years ago, and some scientists s gested that this long evolutionary process

could favour a high biodiversity in the ¢ ) oceans (Herring 2007).

In spite of their importance, deep-sea habitats are still poorly studied and understood.
This is mainly due to the fact that deep-sea research requires advanced technologies and
sophisticated and very expensive sampling equipment. Nonetheless, over the years, the
exploration of the deep ocean has painted a beautiful and increasingly detailed picture of

this hidden world (Gage and Tyler 1991).

The early investigation of the deep-sea« ironments ted with the voyage of the
“Challenger” om 1872 to 1876 (Gage and Tyler 1991). Not only did this voyage arouse
people’s curiosity toward the unknown deep-water world, but it also encouraged further
expioration of the deep. In the 1950s, Russian biologists launched further exploration of
the ocean and provided some of the first | tative surveys. Later in the 1960s and
1970s, scientists from the United States of America joined the efforts toward the study of
deep-sea ecology. Over the 1970s and 1980s, :2ep-sea research has expanded and is now

the focus of worldwide attention (G: “Tyler 1991).







Deep-sea ¢ s are also important for the maintenance of biodiversity since they provide
crucial habitats for fish and other marine creatures such as sponges. echinoderms and
crust -eans (Buhl-Mortensen and Mor  sen 2005; Costello et al. 2005). With the
development of advanced technologies that allowed the exploration of deep-sea
environments, opportunities increased to study the distribution, biology and vulnerability
of deep-sea corals to human disturbances (I :iwald et al. 2004; Gass and Willison 2005;
Guinotte et al. 2006). Most of the research has shown deep-sea corals to be extremely
slow-growing and susceptible to physi  disturbance, indicating that human activities,
including bottom trawling, mineral ext tic , and oil and gas exploitation, are the most
severe threats to deep-water coral ecosys ms (Gass and Willison 2005; Mortensen and

Buhl-Mortensen 2005).

Although the reproduction of deep-sea cora is a key element in determining the level of
their vulnerability or resilience to disturbances, very little information exists on the
sexual and asexual proliferation of deep-sea species worldwide. The life  stories of
deep- 1 corals remain largely unresolved, thereby limiting our understandir  of

cold-water reef ecology.

1.3 Complexity of reproductive biology in corals

Reproductive patterns and behaviours and the role played by environmental factors in

gametogenesis and gamete/larval release 1ve been widely studied in shallow-water coral







Reproductive modes are highly variable even in the same family (Fautin 1991). It is hard
to say which is more basic or general between broadcast-spawning and brooding or to
predict the reproductive pattern of an unknown species. However, brooding is viewed as
a stri gy to compensate for the relative 7 sma number of eggs produced (Benayahu and

Loya 1983), because it decreases the morta y during larval development.

Several factors can influence reproduction: (1) physical or environmental conditions (i.e.
time of year, depth, location, tidal and lunar cycles, abundance of food, etc.) and (2)
biological factors (i.e. differences betw 1 :cies, colony size, etc.). In summary, it is
difficult to say whether any one factor is critical in determining the mode, periodicity,
and success of reproduction. The reproductive process of most corals is multi-faceted and
very complex; it is even more difficult to understand in deep-sea species which have

often never been examined alive.

Planula behaviour, settlement preference r -uitment and growth have been studied in
shallow-water coral species. For many of the 1, chemical or biological cues : : essential
to induce settlement. For instance, some crustose coralline algae and bacteria have been
shown to induce larval metamorphosis and selection of suitable habitats, such as parental

habitats (Heyward and Negri 1999; Baird et al. 2003; Harrington et al. 20 ).

Environment: factors, such as seawatei rature, depth, current, physical texture and

orientation of substrata also influence the choice of substratum and time to settlement and
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(Chapter 2); the gamete development. plan ation, metamorphosis, settlement preferences
and growth of Drifa glomerata and Drifa sp. (Chapt  3): and the planulation and
metamorphosis of Gersemia fruticosa and Duva florida (Chapter 4). Finally, I present a
summary of the main conclusions and their significance and identify areas in which

future research is particularly needed (Chapter 5).
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2.1 Abstract

This study of the mode and timing of reproduction in bathyal corals was undertaken in an
effort to gather information on poorly understood de¢  water corals. Samples of the
alcyonacean Drifa glomerata were collected between 103 and 400 m along the coast of
Newfoundland (eastern Canada) from 2004  2007.7 :ratio of fertile colonies was
>50% year round. Among the fertile colonies, the number of planulae within a single
fertile polyp varied between 1 and 10. T :size of oocytes and/or planulae was
consistently greater in the polyps than in e branchlets across all dates and depths
studied, indicating that the development pathway of oocytes to planulae is from the
branchlets to the polyps. Although larvi r uction seemed to persist year round, the
onset of major planulation events was deter1 ned to occur in December or January of
two consecutive years, when large mature planulae ones were released. Larval release
continued until June, during the progressive increase in photoperiod, although peak
planulation occurred after the phytoplar  on bloom as seawater temperature was steadily
increasing, between March and early Ju * is seasonal trend was supported by
spawning of live colony in the laboratc y tween early January and June in 2008. The
large planulae (ca. 4-5 mm long on average) actively crawled on and probed the

substratum immediately after release.
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diversity and morphological similarity, which make identification very difficult (Watling

and Auster 2005).

Generally, the sexuality of shallow-water corals is divided into hermaphroditic or
gonochoric. However, research in temperate or deep-sea corals has revealed much more
complex arrays of reproductive strategies. For instance, the work of Waller et al. (2005)
descr ed the occurrence of cyclical hermaphroditism in three deep-sea scleractinian
corals (Carvophyllia). They demonstrate t t gametes of both sexes existed in the same
mesentery; however, only one type of ¢ 1¢ 5 was functional at any given time.

Gamv Hgene s was continuous within colonies, and was not synchronous within coral

colonies or at the population level, which m le fertilization possible all year round.

In shallow-water octocorals. gametogenesis especially oogenesis, can span from several
months (Farrant 1986) to two years (Yamazato et al. 1981); and different cohorts of
gametes may exist simultaneously in a single colony when development takes more than
one year (Brazeau and Lasker 1990). F  2rmore. gonad development is not always
synchronous within a coral colony or at the pulation level. Farrant (1986) mentioned
that the Nephtheidae coral Capnella gaboensis exhibited major gonad abundance
differences between branches within the same colony, and between colonies, which could

explain the prolonged spawning period observed in this species at the population level.






number of live specimens. By using micro-dissection and histological procedures, and
monitoring live specimens in the laboratory, I aimed to elucidate the mode and timing of
reproduction, compare the reproductive strategy at different depth ranges, suggest
environmental factors that may influence the reproductive cycle, and finally record

planulation i the laboratory.

2.3 Materials and Methods

Sample collection and maintenance

Samples of Drifa glomerata were collected ' bottom trawls during the multi-species
survey conducted by the Department of Fisheries and Oceans Canada (DFO) on board of
the CCGS Templeman and CCGS Teleost a1 during the Fisheries Observer Project
(FOP). All samples were collected between November 2004 and December 2007 off
Newfoundland and Labrador, eastern Canac (Table 2-1, Figure 2-1) at depths ranging
from 103 to 334 m and were immediately frozen at -20 °C. In addition, two live colonies
of D. glomerata were collected in July = 7 at ca. 350-400 m on the con ental slope of
the SW _.an s of N I 1(44 _.'38"N _3°15'57"W), using the rc  Htely
operated vehicle ROPOS on board of the CCGS Hudson. On the ship, the specimens
were maintained in chilled seawater at 2-3 °C in darkness. In the laboratory, the two
colonies were kept togetherina ~ )-Lta  provided with running seawater (ca.1.5 L

min’") in total darkness. The tank was st plied with unfiltered seawater at ambient
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(regression) on the fertile polyp index, the number ot planulae per fertile polyp. the
number of planulae per colony, fecundity and the surface area of planulae and oocytes. In
addition, the influence of location inside the colony (polyp or branchlet) was tested on the
size ¢ planulae and oocytes. Poisson regressions were used to test the relation between
colony weight and number of fertile polyps (logit link) and the influence of lunar phases
on the planu ion of Drifa glomerata. For all statistical analyses, residuals were
examined to evaluate the assumptions of hc  ogeneity, independence and normality.
Interactions were tested when there was  ough degr  of freedom, and normal
distribution and identity link w  used unless otherwise stated. If a normal distribution
was not appropriate. gamma or Poisson  ror distributions were used (McCullagh and

Nelder 1989). Tolerance of type I error was set at a=0.05.

2.4, 3su s

Drifa glomerata is an internal brooder. Female sexual cells and planulae are pinkish in
colour. The early stages of female gametes are attached to or embedded in the
mesenteries, and develop into planulae that are retained in fertile  >lyps :eding polyps

hosting maturing or mature planulae) until released into the water column from the mouth

of fertile pol'  (Figure 2-3).
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variation between different depth ranges (x7) x%=0.04.| ).841), sampling years

(X713 %6=6.96. =0.073) and sampling periods (4. %6=3.77. p=0.438).

The total number of planulae per colony was estimated using the number of tertile polyps
multiplied by the number of planulae in eac of the ten haphazardly-chosen fertile polyps.
For all of the colonies examined, the total number of planulae per colony varied from 42
to 2987. A larger proportion of samples om deeper waters had more planulae per colony
than those from shallow waters (y°; go=4.25, p=0.039, Figure 2-9). In addition, the total
number of planulae per colony was significantly different between sampling years
(X'3.86=16.71, p=0.001). Significant inte1 tions were detected between depth range and
sampling period ()(23_ 36=18.36, p<0.001). More precisely, at 103-204 m, the total number
of planulae per colony did not differ sig fic itly between sampling periods ("3, 59=6.24.
p=0.181); however, at 204-334 m, the tc nber of planulae per colony was

significantly different between sampling _ riods (3. 2=29.26. p<0.001).

Fecundity was calculated as the total number of planulae per gram of wet colony weight.
It was higher in samples from 204-334 m th. those from 103-203 m (xll_ w6=12.87,
p<0.001, Figure 2-10). Significant diffe ices in fecundity were also detected between
sampl g years (x73 3=16.53, p=0.001). Furt :rmore, significant interactions were
detected between depth range and sampling period (x23‘ 36=8.94, p=0.030). More precisely,
fecundity significantly differed betw n  npling periods at both depth ranges:

103-203 m (4. 59=12.50, p=0.014) and  $-334 m (1’3, 26=16.99, p=0.001); although the






undity (visible planulae g'1)

250 7

200

150

100 —

[$3]
o
|

—0— 103-203 m
O 204-334 m

¥ ¥ L) L] T T 1 T T L T T T T T T T T T T T T T T T T T 1 1 T T T 1 - T 1

ed\ oero gb(\((?:o @fb« v¢ “\’b* 5\)0 5& Y_OQG};Q Oc’\ v\o‘x OQO B’DQQéoé\fb« Y.Q« é\’b* 5\)(\ 5\} v_\)quuQ OC’\ eOA OQO B’DQQQ’UO@@& Y.Q\ é\’b* 5\)(\ 5& Y_QQG};Q OO\ QOA OQ'G 5@0

2007

’ 4 ‘ 2005 ‘ 2006

Date

Figure 2-10. Drifa glomerata. Fecundity (planulae g') at each sampling date and both depth ranges (103-203 m, 204-334 m)
from November 2004 to December 2007. Data are expressed as the average of planulae in ten fertile polyps multiplied by

the number of fi

/ided  the wet weight of the colony. Colonies from the same sampling date and depth range

ile polyps

were pooled together (Mean + SE, n=30-150).

to
o
~I







—@— fertile polyps

| —O— branchlets 103-203 m

i
10 A .
£ A s !
\ - i/ \\ -
— - L
08 - s ol \ e s e
T S e
— N ¢
£ 06 - P
jé ~ \\\\\\
8 0al TT— S - T —
204+ ——— ¢ s T~
3 5
o
72 02 4
=]
E O 0 l T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
a
S
© 14
o
Bl 204-334 m
8 12
3
= -
ool P —E
08 E\i
06 A
0.4 4 2 M——/""—Q
02 A

OO T T T T T T T T T T 7T T T T T T T T T T T T T T T T T T T L T T T
NY S 08 & S N QD0 Q08 & SO O IS I R e IR N o
I AT 1N P RF O T S0P WP Pt RF 0 2 80P w0 Pt RO
2004 2005 ‘ 2006 ‘ 2007

Date

Figure 2-1 | Drifa glomerata. Surface area of planulae/oocytes in fertile polyps and
branchlets of all colonies at each samplii _ date and both depth ranges (103-203 m,
204-334 m) from November 2004 to December 2007. Data from the same sampling
date and depth range were poolt t | rand expressed as Mean = SE, in fertile
polyps (n=74-458), and in branch s 5-114).













10 A

g z
g ke
o i}
2 ]
: 5
:
o a
=
“™ 0.6 r 110
&
o

100 —~
E o5 e
@®
e Lo §
8 04 o
A )
ol 80 @
o) a
- ]
= 03 ko)
= 70 £
£ <
S 02 60
Q
=
(@]

o
N

Number of planulae released
[\ ]

Q e O e O e O o RN i ® DI
A a A
® New moon
3 4 ) Full moon Aaa AL A A
A A AA A A AL

1 A A A M aAa A oA
0 - ~ : v v T

January February March April May June July

Figure 2-14. Drifa glome a. Plani
January and June 2008 in correl:
(dotted | ), chlorophyill fluoresce
solid line), wind speed (dotted line)

Date

events « served in a live colony between
ith temperature (solid line), photoperiod
1 indicator of phytoplankton abundance,
1ar cycle.






and Lasker 1990). (3) D. glomerata is a parthenogenetic or female-dominated
hermaphroditic species. Parthenogenesis has been reported in the soft coral Alcyonium
hibernicum from Great Britain (Hartnoll 1977) and in an undetermined gorgonian species
from e Caribbean (Brazeau and Lasker 789). In addition to parthenogenesis the latter
investigators suggested a skewed sex ratio (extremely rare males) as another explanation

for the absence of male colonies.

The occurrence of fertile colonies all year round suggests prolonged/continuous
development of larvae at the population :vel, which is common in both shallow and
deep-water brooders (Fadlall  1983; Benayahu and Loya 1984; Ben-David-Zaslow et al.
1999) and some deep-sea broadcasters (Waller et al. 2002; Flint et al. 2007). 1 the

preser study, the live colony of D. glomerata spawned in the laboratory from January to
June 2008 which was consistent with the an  'sis of preserved samples from 2004-2007.
[t rem ns unclear whether planulation ¢« d be continuous, but with a seasonal peak at
the population level. However, year long planulation with seasonal peak was observed in
Drifa sp. (Ct Hter 3), an as yet unidentified species that was collected in the same

geographical area.

The consister 'y smaller size of sexual ce branchlets than in fertile polyps and the
evidence of planulae occurring only in ( : fertile polyps indicates that the development
pathway is from branchlets to polyps. In addition, the number of planulae inside a single

fertile polyp was not influenced by seas  which suggests that migration of oocytes to
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photoperiod should perhaps not be dismisse in trying to explain the patterns observed at
the depths studied (100-300 m). The limit of downw¢ ing illumination (i.e. twilight zone)
is commonly set at ca. 1000 m (Schiebel et al. 2007), suggesting that some light could
reach down to 300 m in mildly productive waters such as the ones around Newtoundland.
The deep-water soft coral populations studied here could thus receive faint light cues
associated with seasonal day length fluctuations. Deep-sea crustaceans have already been
shown to respond to light intensities occurri 1 at depths of 500-600 m (Frank and Widder
1994; Frank and Widder 1996). Moreover, | - influence of light cycles might explain

why seasonal breeders in the bathy: zor a apparently more common below clear

tropical seas than temperate ones (Young 2003).

Depths may so have significant influence 1 the reproduction pattern ot deep-sea corals.
For example. most of the high values of >50 g'') were observed in the deeper water
population below 200 m. However, colonies heavier than 20 g were only found in
shallower w. . A possible explanation is that colonies from the deeper habitat reach
reproductive 1aturity at a smaller size.  nt et al. (2007) found that fecundity decreased
with depth as a results of lowered food a- nlity, however, the opposite pattern was
observed in the research of Waller et al. (2005) on three hermaphroditic deep-sea
scleractinian corals. In this study, the smaller size at sexual maturity and the increased

FPI and fecundity with depth are possibly di to the warmer water temperatures at depths

of 200-300 m compared to 100-200 m.
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3.2 Intro iction

Although deep-sea corals are important constituents of marine ecosystems (Freiwald et al.
2004) and there is increasing concern over their destruction worldwide (Gass and
Willison 2005:; Roberts et al. 2006), researc  on the reproductive biology of deep-water
and cold-water corals remains scarce. Most of the limited information gathered to date

has largely focused on stony corals (order Scleractinia) and a few horny corals (order
Gorgonacea), whereas little attention has been given to soft corals (order Alcyonacea),
despite their prevalence and importance in deep-sea habitats (Dinesen 1983; reiwald et

al. 2004; Watling and Auster 2005).

Soft corals in the family Nephtheidae are widely distributed in temperate and cold waters
around the world, including the deep ocean: they have been mainly recor d in the North
West Atlantic, North East and West Pacific and Indian Ocean. However, little “esearch
has been con 1cted on their reproductic  and development (Farrant 1986: Benayahu et al.
1992; Dahan and Benayahu 1997; Hwang and Song 2007; Sun et al 2009: and also
Chapters 2 and 4). This gap might be attributed to the morphological diversity of
members of { s family, which makes identification very problematic (Watling and
Auster 2005). In contrast, much knowler : has been gathered from the study of shallow
reef ¢ s, especially scleractinian species. The reproduction of octocorals has mainly
been investig: d in shallow-water Alcyor dae, Xenii e, and Gorgoniidae from the

tropical Pacific, Red Sea, and the Caribb« 1(Benayahu 1991; Shlesinger et al. 1998).
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species. This work focused ¢ two deep-sea nephtheids. Drifa sp. and D. glomerata, with
the goal of examining various aspects of their life histories and expanding our
understanding of deep-water coral biology. 7 using histological procedures,
transmission electron microscopy (TEM) and monitoring live specimens for a year in the
laboratory, the development and arrangemer of oocytes/planulae, larval type and
behaviour, planulation periodicities, time to metamorphosis and settlement, substratum
selection and growth were elucidated. In adi  ion, the environmental factors that may

influence the larval competency period and the recruitment rates were suggested.

3.3 Materials and M thods

Information -om the field

Still images : d video footage from the expedition (see details below) were analyzed to
evaluate typical substrata utilization, orientation and aggregation ot soft coral colonies.
Particular attention was given to images and videos captured at depths of ca. 500 m and

1200 m in areas where the live specimens wt : collected.

Collec on and maintenance of adult colonies

Twenty-six adult colonies of Drifa sp. were collected in July 2007 at two target depths of
ca. 500 and ca. 1200 m on the continental slope of the SW Grand Banks, using the
remotely operated vehicle ROPOS on board the CCGS Hudson (Table 3-1 and Figure

3-1). Samples attached to small rocks or tiny pieces of firm substratum sparsely
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Table 3-1. Depth and coordinates of collection sites of Drifa sp. (1-4) and D. glomerata (5 and 6) in July 2007.

Sample* Depth (m) Latitude (N) Longitude (W) Number of reproductive colonies /Number of
colonies
1 495 44°58'36" 5 '58'51" 1/1
2 526 y18" 5402823 " 10/10
3 744 44°49'45" 55°3341" 2/2
4 1238 44°13'04" 53°07'14" 11/13
5 358 4 21'38" 53°15'57" 1/1
6 358 1°21'38" 53°15'58" 1/1

* Corresponding to the samples identified in Figure 3-1.
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description of natural planula release. Otherwise, planulae of both Drifa species were
routinely collected within 24 of their release, either on the bottom of the tank or in the
water column. The free-swimming planulae were reared in culture plates in semi-static
conditions with half of the seawater changed every day until settlement 2-98 days post
release. Developing larvae were lecithotrophic and subsequently not fed during this
period. Some individuals were used in settlement preference trials as detailed below.
Newly-settled primary polyps were maintair 1 under flow-through conditions similar to
those used for adult colonies 1d fed a mixture of algae (Isochrysis sp., Tetraselmis sp.,
Nannochloropsis sp.) and rot :rs on a continuous basis via a peristaltic pump (ca. 40

ml min). A few planulae of Drifa sp. were able to settle within 24 h on the rocks or tank
walls before the daily collection; thus, the total number of polyps settled inside the

holding tanks was counted in June 2008. when this experiment ended.

In addition, planulae of Drifa sp. were surgic lly extracted from seven colonies to
determine whether natural release was a prerequisite to successful development to

settler 'nt, and whether surgical extraction would affect planula behaviour and
metamorphosis. The colonies used for this e eriment were collected on four ditferent
dives at depths of 495, 525, 744, and 12 m; and colony size ranged from 2.3-4.0 cm in
length and 1.5-2.5 cm in width when ext  led (Table 3-2). The reproductive polyps were
cut open and planulae were gently push¢ out into the surrouding seawater. Planulae
were cultured in 50-ml beakers at a density of ca. 30 individuals per beaker, in running

chilled seawater, at a temperature of 5-8 °C, under darkened conditions. Cultures were




T le3 Settlement of planulae extracted surgically om colonies of Drifa sp. The depth at which the adult colony was
collected, the size of adult colony, the number of large (elongated) and small (round) planulae extracted and the number of
settied planulae after one mon  (August 2007) are presented.

| Colony Depth (m) Length X width ~ 1mber of large Number of small Number of settled
(c ) ulae pla lae planulae

1 495 3.5X 1.6 33 34 |

2 526 23X 1.5 23 65 15
3 526 28X 1.5 0 10 0
4 744 35X 1.5 0 44 0
5 744 500X 2.5 20 33 15
6 1238 4.0X25 9 72 9
7 1238 3.0X25 40 142 23




monitored daily to record larval behaviour. the occurrence of settlement. and subsequent

growth in order to compare patterns to those in naturally-released larvae.

Histology and transmission electronic microscopy (TEM)

During the extraction of planulae, one branch with visible reproductive polyps of each
Drifa sp. colony was preserved in 4 % formaldehyde for standard histological analysis.
Another piece of tissue was preserved in 70 % ethyl alcohol for the study of sclerites
(skeletal eler 'nts), and two branches with reproductive polyps were preserved in 3 %
¢lutaraldehyde for histological :paration using standard techniques, except that the
embedding medium was met crylate instead of paraffin. Using a terminology adapted
from Cordes et al. (2001), oocytes were divi d into four stages: Stage I, oogonia
budding from the mesenteries; Stage Il previtellogenic oocytes containing a large
nucleus: Stage III, vitellogenic oocytes, char terized by the rapid accumulation of yolk;
Stage IV, late vitellogenic oocytes that are mature and filled with yolk droplets, which
stain a conspicuous pink colour. Sclerite and histological analysis of Drifa glomerata was

perfor ed on serially collected samples in the course of a related study (Chapter 2).

Additional p. wulae of Drifa sp. were collected and fixed in 3 % glutaraldehyde for
processing using transmission electron microscopy ( TEM) techniques. Tissues were
placed in Karnovsky fixative and transfi  d to | M sodium cacodylate buffer, then
dehydrated and infiltrated in 1 % osmiu et xide, | M Na cacodylate buffer, successive

ethanol baths (70-100 %), followed by al lute acetone, 50:50 acetone and TAAB 812







several months; (3) NPS: conditioned ¢ ture plates that had been sanded to create an
irreg ir surface: (4) CS: culture plates with shell fragments that were c¢leaned in
freshwater every day: (5) CP: culture plates which were cleaned in freshwater every day.
Each condition was tested using -9 planulae at a time and replicated independently as
many mes as possible, depending on the availability of significant batches of planulae;

the total nun er of planulae exposed to each treatment varied from 8 to 75.

To investigate the settlement preferences an assess whether the larvae exhibit some type
of substratum selectivity, [ also performed [ r-wise experiments where [ offered the
planulae a choice between substrata. I compared natural versus artificial substrata, rough
versus smooth surfaces, and naturally conditioned versus clean surfaces. More precisely,
three pairs of substrata were tested, as permitted by the limited number of planulae
available, typically using 12-27 planulae for each trial, with 4-8 trials per condition:

(1) NS (natural shell fragments) versus NPS (sanded and conditioned Petri dish surface):
the surface area of shells covered half of the surface area of the Petri dish; (2) R (rough)
versus S (smooth) surface: half the side of a Petri dish was sanded, then conditioned in
running seawater for several davs prior to use; (3) N {natural) versus C (clean) surface:
conditioned Petri dish with half of the surface cleaned every other day (pric to use, each
Petri dish was conditioned in running se: 1ter for several days, and half of its surface
was cleaned every day). Planulae were monitored daily for one month after their release

to record the time to settlement and the n 1 - of settled planulae on each substratum.
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In Drifa glomerata. because planulation occurred in one single colony, the limited
numbers of  turally-released planulae were used to perform only three pair-wise trials.
The first two treatments are the same as for  rifa sp.: (1) NS (natural shell fragments)
versus NPS (sanded and conditioned Petri dish surface): (2) R (rough) versus S
(smooth) su ce. However, in the third treatment with N (natural) versus C (clean)
surface, the Petri dishes were sanded prior to use, based on preliminary indication of a
preference for rough substrata. The number of planulae tested for each trial varied from

12 to 27, with 4-8 trials per condition.

Environmental factors

Information 1 seawater temperatures in the laboratory during the rearing and
experimental period in 2007 was gathered using a temperature-light logger HOBO
Pendant (UA-002-XX) placed in one of the holding tanks. Information on annual
phytoplanktc abundance (using chloroj yll fluorescence as an indicator) was obtained
from the Department of Fisheries and Oceans Canada for station 27
(http://www.meds-sdmm.dfo- mpo.gc.ca/isdm-gdsi/azmp-pmza/hydro/index-eng.html,
tixed zonal monitoring program: 47°32" N 52°35'06"W) at a depth of ca. 150 m from
July 2007 to July 2008. Information on n  :imum wind speed (as an indicator of the
amount of resuspended organic and ino 1nic materials) was gathered from Environment
Canada, using data collected at St John’s Airport (47°22'19"N 52°26'38"W) 140.5 m

above sea level from July 2007 to July 2 8
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3.4 Results

Information from the field

At depths sk lower than 500 m., most of the colonies occurred on cobbles, rocks or rocky
cliffs, both horizontally and vertically. On all photographs from the ROV, the analyses
suggested gregarious distribution with few individuals occuring in isolation. At 1200 m,
the substratum was primarily mud, with very few occurrences of cobbles or rock surfaces.
Colonies were sparse on mud and occui | in clusters where appropriate ard substrata
were availat  such as bedrock, pebbles, granules, sponges, empty shells, tube worms,

etc. (Figure 3-2. Table 3-3).

Reproductive features

In Drifa sp.. male sexual cells (oocytes) and planulae tend to be pinkish in colour,
where  the male sexual org:  (spermaries) are white and larger in size than the
planulae (Figure 3-3). All stages of female gametes co-existed within a single individual
based on the stological sections of August 2007 colonies. Oocytes at stage I or [T were
attached to/embedded in the mesenteries (Figure 3-4) and the maturing oocytes (stages I11
and 1V) migrated to the coelenteron. Stage I oocytes were 38.1+2.8 um (Mean+SE, n=30)
in diameter, stage Il were 111.7 7.6 um (n=23), stage III were 242.0+17.0 um (n=15),
and stage IV 490.1£23.8 um (n=15). No embryos were observed in any of the colonies

and planulae were brooded inside the polyps.
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Table 3-3. Depth and coordinates of soft coral colonies observed in the field (labels refer to Figure 3-2).

Label Depth (m) Latitude (N) Longitude (W)
A 1052 57°1024" 44°25'41"
B 1046 51°29'19" 44°25'16"
C 13 57°09 5" 44°23'38"
D 525 54°2823" 44°49'18"
E 1399 57°0927" 44°23'58"
F 7 55°33'41" 44°49°45"
F 1218 53¢ 01" H4713'18"
H 528 52°55'10" 44°05'15"
I 1238 53°07'14" H4°13'04"




























horizontally by contracting and expanc 1g rapidly, i.e.. changing from fully contracted to
fully elongated within two minutes. Planulae typically settled one or two days post
release. however, they were able to remain viable or to partially metamorphose in the
water colun and delay settlement tor up to 50 days post release. Eventually,
pre-metamorphosed juveniles were able to  itle. One planula ejected a substance that
was similar in apperance to fat-like granules through the oral pore ca. 40 days post

release (Figure 3-8).

Numbers of lanulae released

Drifa sp. From August 2007 to June 2008, 113 planulae were released by the eleven
colonies from 1200 m (although two colonies did not possess any descernable
reproductive polyp, and one had a single reproductive polyp filled with planulae). On the
other hand, 289 planulae were released by seven colonies from 500 m (one colony

contai :d fewer than 10 plam e-bearing reproductive polyps, and two die in February
2008). The number of planulae released during a single episode varied from | to 14 in the

colonies from 500 m, and from | to 5 in ¢ colonies from 1200 m.

Planulae were emitted more or less continuously by colonies from both depth ranges at
irregular intervals (Figure 3-9). However, sig ficant differences in planulation were

detected between the two depth ranges ai  four lunar phases (123_433= 17.83, p<0.001).










More preci  ly, colonies from 500 m released more planulae at the third quarter moon
than at full moon (x3|_ 114= 36.07, p=0.026, Figure 3-9) or new moon (le. 1a7=23.15,
p<0.001, Figure 3-9). In addition, more planulae were released at full moon than at the
first quarter moon (le_ 137= 36.07, p<0.001, Figure 3-9). Colonies from 1200 m also
released more planulae at the third quarter moon than at full moon (x7. 7= 7.24. p=0.007.
Figure 3-9) or new moon (1. 73=12.21, p=0.005). However, no significant differences
were detect:  in the number of planulae released at full moon or first quarter moon (.

73=0.00, p= 987. Figure 3-9).

Peak planulation occurred in October and November 2007 for colonies of both depth
ranges, which coincided with the highest re.  rded seawater temperatures, a small peak of
phytoplankton abundance and an increase in wind speed (Figures 3-9 and 3-10). Another
peak son was observed in March _Jt  bi only in the colonies from 500 m: this
timing coincided with the lowest seawater temperature and high phytoplanton abundance,

and the period of strongest wind speed of the cycle (Figures 3-9 and 3-10).

Drifa omerata. Planulation lasted through June 2008. with a total of 74 planulae

released by the single colony (for details, see Chapter 2).

Metamorphosis and growth
Drifa sp. Metamorphosis generally coincided with settlement, however, some planulae

exhibited partial metamorphosis or developp into polyps without settling on any













Figure 3-12. Drifa sp. A-C) Fuse l 2 that ¢ reloped into a chimeric two-polyp

colony, from August 16 to Octobel . D) Fusion between three planulae. E) Polyps
formed by natural branching. F-H) ormed by fusion of a planula with adult colony
(seven weeks post settlement). | , M: mouth. All scale bars jresent 1 mm,

except the scale bar in E which represents 1 cm. The scale bar in A applies to B and C.
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Surgically-extracted planulae settled after 1 to 30 d (over a single month of monitoring).
For each colony, the number of settled lanulae was always lower than the number of
elongated planulae available (Table 3-2). No clear differences in planula behaviour or
juvenile growth rates were detected between surgically-extracted and naturally-released

planulae.

Drifa glomerata. In the pair-wise trials, pla 1lae tended to settle more frequently on
conditioned shells (NS, natural substratum) than on conditioned culture plates (NPS,
artificial substratum); however, no signi nt differences were detected (x2|_7: 2.80,
p=0.094, Figure 3-16). In addition, a larger oportion of planulae settled on conditioned
rough (R) than conditioned smooth (S) surfaces (x2|_ 5= 14.49, p<0.001, Figure 3-16),
and ¢ conditioned (N) surfaces than on clean (C) surfaces (le_ 13=15.96, p=0.015, Figure

3-16).

Larval settlement almost invariably occurred within one month; however. a small

propo on of larvae partially metamorphose in the water column and had not settled
even two months post release. As explai r Drifa  no stastistical analysis was
perfor ed on the time to set 'ment ondi :rent substrata due to small sa ple sizes, i.e.,

only one planula settled on smooth (S) and clean (C) surfaces.







3.5 Discussion

Reproductive features

Although the number of specimens examined was limited by the logistical constraints
inherent to deep-sea research, both Drifa species appear to be female-dominated
hermaphrodites with a short oogenesis, rapid embryogenesis and briet spermatogenesis.
In Drifa sp. the oocytes and planulae wi  observed all year long, whereas spermaries
were seen only twice during a short period in December 2007. Males of D. glomerata
were never observed in the live colonies monitored here, nor were they present in serially

preserved field samples (Chapter 2).

After embryogenesis (i.e., early cell cleavages, blastulation and gastulation), embryos
develop into a characteristic coral larva call  the planula. The subsequent development
of small planulae into large elongated planulae is termed the rearing period. Generally,
internal broc  rs provide a safe environment for slow embryogenesis (Kruger et al. 1998);
however in histological preparations of Drifa species examined here and in Chapter 2, all
stages of oocytes were observed but no indication of embryonic development was ever
recorded, sug sting rapid embryogenesis. Similar observations were rep  ted in Xenia
macrospiculata (Xeniidae), a shallow-water nochoric brooder, for which internal
fertilization within the polyp cavity and id embryogenesis was suggested (Achituv et
al. 1992). To explain the coexistence of s es of oocytes in three deep-sea

scleractinian corals, Burgess and Babco:  (2005) proposed an exponential growth of




























Complementary field observations showec 1at colonies of soft corals occur on cliffs or
rocky outcrops. This pattern likely results from: (1) a greater likelihood of settlement on
vertical surfaces; and/or (2) 2 lower probability of sedimentation and suffocation on
vertical substrata, which increases the survival rate of newly settled polyps (Rogers 1990).
Shallow-water nephtheids favour outer and iid-shelf slopes where water clarity and
near-bottom currents are high (Dinesen 1983). In addition, Fabrictus (1997) found that
shallow-water soft corals in the central Great Barrier Reet have high coverage on

platfc s exposed to relative / strong currents but low wave energy, and low settlement

rates on shaded steep slopes.

There was weak evidence that planulae from 500 m were slightly more selective and
typic: y took longer to settle than those from 1200 m. Two potential explanations can be
offered: (1) planulae released by colonic  from 1200 m require less precise/definite
environmental inducers from the substrata (i.e., are more opportunistic): or (2) planulae
released by colonies from 1200 m s more developed (i.e., brooded for a longer time
inside 1e colonies until they are ready to settle). The former is consistent with the rarity
of firm subst aat 1200 m, wi 1s the latt  is supported by the fact that only colonies
from 500 m released small planulae (ca. I-2 mm long) in my study. Previous studies have
demonstrated the importance of size differences in offspring with respect to their
competency period and juvenile behaviour (Marshall et al. 2003; Marshall and Keough
2007). Though size variations were not as striking as those I observed in Drifa sp.,

Achituv et al (1992) found that a shallow-water xeniid species (Xenia macrospiculata)
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released “young” planulae that were small and solid whereas its “mature” planulae were
large and hollow. I noted the same solid/hollow distinction in Drifa sp. However,
Isomura and Nishihira (2001) indicated that smaller planulae of three pocilloporid corals
were able to settle and metamorphose with similar larval durations as larger individuals,
and concluded that the small planulae were onetheless sufficiently developed to settle
and metamorphose. They found that size ditferences did not influence the settlement time
but had an effect on the survival rates, and inferred that larger planulae, which had higher
survivorship in the experiment. and presumably greater lipid reserves, had longer range
dispersal. Both hypotheses are app.  ing; unfortunately, I did not have the chance to go
beyond preliminary observations and experimentally test the influence of size on

settle ent and post-metamorphic survi

Grov 1

Shallow-water soft corals species are commonly reported to exhibit fast growth and rapid
colonization (Harrington et al. 2004). Howe -, primary polyps of the species studied
here exhibite very slow growth rates. Primary polyps virtually stopped growing when
they reached a particular size (generally  thin two or three mon . post scttlement).
Furthermore, 5 natural budding of primary polyps of Drifa sp. was observed over the
course of the monitoring (i.e., |3 months post settlement for the older polyps); and one
natural buddi  polyp of Drifa glomerata was observed ca. 9 months after release. These
observations lead to two main ytheses. First, environmental factors in the laboratory

might adversely influence growth rates. Alth: gh seawater temperatures were maintained
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within a range that was appropriate for deep-sea corals. the pressure level and food
availability were presumably very different from those found in the natural deep-water
environmer  Alternately. early growth rates of primary polyps are extremely slow, as
inferred by the few other experimental growth studies that have been conducted on
post-settled corals. For example, no budding of the shallow-water temperate soft coral
Dendronephthva gigantean (Nephtheidae) was recorded during a one-month study
(Hwang and Song 2007). In the alcyonacea coral Anthomastus ritteri, juvenile colonies
developed a second autozooid after 1-2 months and displayed very slow growth in the
first 8-9 mo: 1s (Cordes et al. 2001). In ¢« ion, Coma et al. (1998) found a mean
growth rate of 1.8 cm year”' for the sha »w-water Mediterranean gorgonian Paramuricea
clavata; they inferred that the largest colony (55 cm) required 31 years to achieve its size.
Even though growth rates were low in the two deep-sea Drifa species studied here and in
two other deep-sea nephtheids (Chapter 4), the presence of planulae in small colonies (ca.
10-25 polyps) indicates that sexual maturity  reached in a relatively short time period,

which might compensate for 2 slow growth.

Several multiple-polyp colonies obtaine during my trials were formed when planulae
settled on adult colonies and/or other pl  1lae (i.e., chimerism). This behaviour can also
be perceived as a mechanism to compensate for the slow growth rate, as suggested in the
tropical scleractinian Siderastrea stellata (Neves and da Silveira 2003). Colony mortality
was shown to be higher in colonies smalli than a critical size (Sakai 1998a); thus, fusion

may enhance survival by inc  sing the _ wth rate to that minimum size. Another study
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4.1 Abstract

Live Hlonies of Gersemia fruticosa (< 300 my and Duva florida (ca. 535 m) were
collected from the continental slope southv st of the Grand Banks (eastern Canada). In
the I oratory, planulation of G. fruticosa was monitored daily, and 79 planulae (1.5-2.5
mm long) were released from April to June “)07. Peak planulation in G. fruticosa was
positively correlated with in  :ases ins¢ \ er temperature and phytoplankton
abundance, and planula release appeare to be more intense around the full moon.
Metamorphosis and settlement occurred 3 to 70 d post release. The eight primary
mesenteries typically appeared within z h. Primary polyps grew to a height of ca.

6-10 mm and a stalk diameter of ca. | mm within 2-3 months. Planulae « Duva florida
(1.5-2.5 mm long) were ext :ted surgi ly from several colonies and were successfully
reared in culture. Primary polyps (ca. 3-4 mm long) developed within 2-3 months. No
budding of primary polyps was observe in either species over || months of monitoring,
suggesting a very slow growth rate. The only two-polyp colony was formed by fusion of

two planulae.
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with running seawater and transferred to the Ocean Sciences Centre within one week. In
the laboratory, all five colonies were kept in one 20-L tank, provided with unfiltered
running seawater (ca. 1.5 L min™') in total darkness and with ambient temperatures that
fluctuated between -1 and 9 °C. When necessary, running seawater was chilled to

main in it below 10 °C.

After newly-settled polyps were first observed on the side of the holding tanks on April |,
2007, four of the five colonies were iso I in three 200-ml beakers until late June 2007
(20 days after the last observed natural relez : of planulae) in order to monitor daily
planulation. The colonies were maintaii 1 in darkness at a temperature below 8 °C. and
half of the seawater in the beakers was changed daily. Naturally-released lanulae were
routinely collected during the daily seawater change (within 24 h post release), generally
on the bottom of the beaker. Planulae re” sed on the same day were maintained together
in 50-ml beakers to assess time to settle  1t. Once planulae had settled and
metamorphosed into a primary  lyp, they were reared in flow-through conditions and

fed with a mixture of algae (/sochrysis sp., Tetraselmis sp., Nannochloropsis sp.) and

rotifers on a continuous basis througha is tic pump (ca. 40 ml min").

Duva florida colonies were collected from the continental slope southwest of the Grand
Banks (eastern Canada) at a depth of ca. 15 in November 2006 on board of the CCGS
Teleost and in July 2007 on board of the Hudson. Colonies did not release larvae

naturally; however, planulae were successfully extracted surgically and re :d in the







November and then decreasing again (Figure 4-1). Phytoplankton abundance (indicated
by chlorophyll fluorescence) was at a yearly minimum from January to April, and then
increased rapidily during the spring bloom to reach a maximum around mid-May. It then
decreased to its minimum value in August, with a low amplitude (compared to the spring
bloom) in the early fall (Figure 4-1). Wind speed decreased from April to July in 2007,

and no clear coincidence with planulation was observed (Figure 4-1).

Gersemia fruticosa

The release of planulae by colonies of  fruticosa was monitored from April to early
June 2007 in the laboratory (Figure 4-1). ne number of planulae released during a single
episode varied from | to 25: however, the release of larger numbers of planulae was
observed in  me colonies which were ir  oor shape and died soon after the spawning.
Planulation began when the seawater temperature and phytoplankton abundance started
to increase in April (Figure 4-1). Three 1 jor planulation events were identified:
mid-April, early May, and late May, all of these events coincided with the ys around

the fu moon (Figure 4-1).

From April to June 2007, 79 planulae w  released by the five colonies, and 22
individuals st led successfully (Figure ?). Time to settlement varied from 3 to 70 days.
with a average of 27.7 £ 4.6 1ys (Mean + SE). The proportion of settled planulae in

each daily batch varied from O to 100 %, with an average of 48.2 = 0.2 %. However, the
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rare and costly: and 3) appropriate conditions for maintaining deep-sea animals alive for

long periods in the laboratory are diffict  to achieve.

The unique location and characteristics of { * Ocean Sciences Centre facilities made it
possible to overcome some of these chi  :nges and successfully maintain and study

aspe: . of reproduction in deep-sea coral species: 1) the research vessels used for
sampling wi : equipped with a cold. running seawater supply; 2) the vessels were able to
transport speciemens to ports near the I dratory, thus reducing the stress associated with
extended tra port; and 3) high-quality, cold unfiltered running seawater was available

for laboratory holding tanks.

The greatest spawning success was obtai  d with Nephtheidae species, which were in
good ysical condition and healthy enough ) feed and spawn normally over several
months of captivity. For the logistical reasons already outlined earlier. my research was
performed in laboratory setting on a small sample number of colonies. It is therefore
difficult to compare these results directly to previous studies that have focussed on

tropical and other shallow-water <pecies of corals.

Planulation and planula behaviour
Planula release has rarely been described for deep-sea corals and this work is among the
very few accounts of this activity, except for studies on Anthomastus ritteri (Cordes et al.

2001) and two Drifa species from the der s« around Newfoundland (eastern Canada)

4-17










Mercier and Hamel 2008, Chapters 2 and 3). The onset of planulation in Gersemia
fruticosa corresponded with an increase in seawater temperature and phytoplankton
abundance in April, suggesting that these factors may trigger planula release. Futhermore,
planulation started on the days around the full moon in April and continued more or less
constantly through May. Lunar phases 1y e a cue to synchronize spawning, either
directly or through tidal current and fluctua >ns in phytoplankton or zooplankton
availability. Lunar cycles have been proposed to influence spawning and local

recru nent shallow-water octocorals (Benayahu and Loya 1983; Benayahu and Loya

1984; Coma et al. 1995).

Growth and fusion

Publi ed studies on shallow-water soft cor. . indicate faster growth and more rapid
colonization (Fabricius et al. 1995) than reported here for deep-sea species. New recruits
of the o species studied here exhibite slow growth rates, and growth of primary
polyps seemed to stop when they reached a specific size (generally within two or three
months post ttlement). Comparably slow growth rates of primary polyps were also
observed in deep-sea Drifa species (Chapter 3). A fcw other studies on deep-sea or
temperate corals have suggested that early growth rates of primary polyps might be
extremely slow. In the deep-sea alcyona n coral Anthomastus ritteri, juvenile colonies
formed the second autozooid after 1-2 m tt and displayed very slow growth in the first

8-9 m ths (Cordes et al. 2001). In a sh v-water temperate soft coral,
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fusion is beneficial or detrimental in the deep-sca corals studied here. However, it is an

important element to consider in studies of arentage and population genetic structure.

The resilience and vulnerability of deep-sea Nephtheidae corals

The ‘ep-sea Nephtheidae corals studied here exhibi 1 a degree of resilience to
cnvironmental variablity, in that they survived and . oduced successfully under
laboratory conditions (i.e.. lower pressure and. potentially more importantly, temperature
fluctuations and modified food supply). In addition, the fact that extracted planulae from
colony fragments exhibited settlement rates and  owth comparable to that of

natur ly-released larvae indicates that fertile colonies that are partially damaged by
anthropogenic activities (e.g., bottom trawling) may still be able to produce offspring.
Moreover, the small size at sexual maturity might help to compensate for slow growth
rates; for example. the smallest fert - colony of Gersermia fruticosa in the laboratory was
ca. 2cmin lengthand | cm i width an the smallest fertile colony of Drifa sp. described
in Chapter 3 d ca. 10 polyps (similar size  the smallest fertile colony size of G.
fruticosa). Nonetheless, the slow owth te of primary polyps highlights the
vulnerability of deep-sea <oft corals in  jvering when ecosystems are damaged by

natural or anthropogenic disturbances.

4-22




4.6 Acknowledgements

[ gratefully acknowledge the support of the Department of Fisheries and Oceans

(especially K. Gilkinson, Science Branch), and of the Natural Sciences and Engineering

Rescarch Council of Canada and Canada Foundation for Innovation (to A. Mercier). | |
would also 1 e to thank various people »r sistance at different stages of this study: E.

Edinger, P. Snelgrove, V. Wareham, O. Sh'  ~vood, crew and staff of CCGS Hudson and

CCGS Teleost. ROPOS team, DFO/BIO staff and scientists on board the Hiudson (with

special thanks to E. Kenchington, K. Maclsaac. and B. Macdonald), C. Short, K. William,

J. Foote, A. Taylor, M. Rise, J. So, G. Doyle, C. Negrijn, L. Combdon, OSC Laboratory

and Field Services, JBARB live fee tec icians and C. McFadden from Harvey Mudd

College for the identification of corals.

4-23













Hodgson G (1985) Abundance and distribution of planktonic coral larvae in Kaneohe
Bay. Oahu, Hawaii. Marine Ecology Progress Series 26:61-71

Hwa 1 S-J. Song J-1 (2007) Reproductive biology and larval development of the
temperate soft coral Dendronephthya gigantea (Alcyonacea: Nephtheidae).
Marine Biology 152:273-284

Jokiel PL, Guinther EB (1978) Effects of temperature on reproduction in the hermatypic
coral Pocillopora damicornis. Bu etin of Marine Science 28:786-789

Kaw: ata H, Nishimura A, Gagan MK (2002) Seasonal change in foraminiferal
production in the westt  Equatorial Pacific warm pool: Evidence from sediment
trap experiments. Deep-Sea Researc  (Part II, Topical Studies in Oceanography)
49:2783-2800

Lumsden SE, Hourigan TF, Bruckner A ', Dorr G (2007) The state ot deep coral
ecosystems of the United States. NOAA Technical Memorandum CRCP-3. Silver
Spring MD [-64

Marshall DJ, Bolton TF, Keough MJ (2 3] ffspring size affects the post-metamorphic
perfo 1ance of a colonial marine vertebrate. Ecology 84:3131-3137

Mercier A. Hamel J-F (2008) Depth-related shift in life history strategies of a brooding
and broadcasting deep-sea asteroid. Marine Biology 156:205-223

Miiller WA, Leitz T (2002) Metamorphosis in the Cnidaria. Canadian Journal of Zoology

80:1755-1771

427




Ostarello GL (1976) Larval dispersal in the subtidal hydrocoral Allopora californica
Ver 1(1866). In: Mackie GO (ed) Colenterate Ecology and Behavior. Kluwer
academic publishers group, pp 331-337

Raymundo LJ. Maypa AP (2004) Getting bigger taster: mediation of size-specific
mortality via fusion in juvenile coral transplants. Ecological Applications
14:281-295

Richmond RH (1987) Energetics, competency. and lor  distance dispersal of planula
larvae of the coral Pocillopora damicornis. Marine Biology 93:527-533

Richmond I [, Hunter CL (1990) Repr  iction and recruitment of corals: comparisons
among the Caribbean, the Tropical Pacific, and the Red Sea. Marine Ecology
Progress Series 60:185-203

Rinkevich B, Loya Y (1987) Variability in the pattern of sexual reproduction of the coral
Stvlophora pistillata at Eilat. Red Sea: a long-term study. Biological Bulletin
173:335-344

Rodriguez SR, Ojeda FP, Inestrosa NC (1993) Settlement of benthic marine invertebrates.
Marine Ecology Prog s Series 97:193-207

Rogers CS (1990) Responses of coral reefs. dreefo anisms to sedimentation. Marine
Ecology Progress Series 62:185-202

Sebens KP (1983a) The larval and juven :ecology of the temperate octocoi
Alcyonium siderium Verrill. 1. Substratum selection by benthic larvae. Journal of

Experimental Marine Biology and Ecology 71:73-89

4-28







derived organic matter? Journal of the Marine Biological Association of the
United Kingdom 83:175-188
Zaslow RBD. Benayahu Y (1996) Longevity, competence and energetic content in

planulae of the soft coral Heteroxenia fuscescens. Journal of Experimental Marine

Biology and Ecology 206:55-68

4-30







5.1 Major findings

The study of four species of deep-sea nephtheids (Octocorallia: Alcyonacea) has allowed
me to elucidate several aspects of their reproductive biology. including gamete
development, mode and timing of reproduction, planulation, metamorphosis, settlement
preferences and growth. The major findings and outcomes of this research are listed

below:

e All four nephtheid species are internal brooders that release planulae in the water
column.

e Planulation of the four nephtheids w investigated in the laboratory based on a
small number of samples. Drifa sp. can release planulae year round. Successful
culture of primary polyps ot Duva florida collected at ditferent perio ; of the year
also suggests that mature planul.  may be produced all year long at the
population level. On the other hi 1, planulation of Drifa glomerata and Gersemia
Sfruticosa appeared to be seasonal.

e Preliminary correlations with environmental factors suggest that temperature.
photoperiod, phytoplankton abundan  wind speed and lunar phases may play a
role in the reproductive cycle atd erent levels. Increases in temperature and
phyto] nkton abundance coincic  with the initiation of planulation. In
Gersemia fruticosa, lunar cyles may : diate planulation events w 1in a given

period of time.
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diff- :nt environmental factors (such as current speed and temperature) on
settlement and survival rates would also be useful for conservation purposes.
Studies on planula b aviour are generally based on observation. Research on
lipid composition and planula fine structure would help clarify the reasons behind
the distinct behaviours exhibited by planulae of different species or by conspecific

plam e of different sizes.



















