INSTITUTIONEN FOR BIOLOGI OCH
MILJOVETENSKAP

GOTEBORGS
UNIVERSITET

COMPARISON OF PARAGORGIA SP. AND
PARAGORGIA ARBOREA.

Reproductive ecology and morphological differences.
: - - ,‘ l “ o

David Olsson Spets

Uppsats for avidggande av naturvetenskaplig kandidatexamen med huvudomradet biologi
BIO603 Biologi: Examensarbete 30 hp

Grundniva

Termin/ar: V2024

Handledare:  Dr. Rhian Waller, Department of Marine Sciences

Examinator: ~ Dr. Sam Dupont, Department of Marine Sciences






Table of Content

SAMMEANTAIINING ...t b e bbbttt et bbb 2
AADSTFACT .. bbb bbbt e et bt reene s 2
L1 0o U ot o] o TSP 3
BACKGIOUNG ...ttt bbbt bbbt et b ettt b s 3
ATM OF TS STUAY ... et e st et e e te s re e s be et e aneesreeneanee e 4
Material and METNOA .........ooviiie et 4
SAMIPIING e b bRt b bt 4
[ 1153 (0] oo YRS S R 5
(DU W T LA L= oo PSS 6
LTS | SRR 6
MOrphologiCal dISCOVEIIES ........cviiiieiecie ettt e be e sre e re e e 6
o[ TR =SSOSR 10
31T 03] o] o SO TRTRR 11
MOrphologiCal dISCOVEIIES .......ccviiieeieiieiie ettt te et e e raere s 11
o[ TR =TSSP OTRPS 13
T g 1] =L o KPS RPRRPOTRPR 13
(O] T [ 1S o] o KSR 14
ACKNOWIEAGEMENTS ...t ettt e et e e st e s beetesneesreenneaneesnaenreas 15
[ E =T =] 0TSSR 15
N o] 0= [o 3 OSSP SRRPPOSIN 17



Sammanfattning

Det ar mycket vi fortfarande inte vet om djuphaven, med 6kningen av hot &r det viktigt att veta
hur ekosystem nere i djupet fungerar, detta for att kunna forbattra naturvarden. Denna studie
kommer fokusera pa Paragorgia spp., ocksa kallad ”Bubblegum corals”, och deras reproduktion.
Man har trott att koraller som lever i tuffare miljéer har stérre men féarre 4gg eftersom dem
investerar mer i sina dgg for att forsakra overlevnad. Prover fran 3 olika platser ar anvanda i
denna studie, P.arborea fran nordvastra Atlanten och Paragorgia sp., fran tva olika platser vid
Antarktis. Med kallare vattentemperatur i Antarktis var det forutspatt att dessa skulle ha stérre
oocyter jamfort med P.arborea fran nordvastra Atlanten. Med hjéalp av grundlaggande histologi,
kunde &gg studeras i mikroskop och deras "ferret diameter” kunde métas och jamforas.
Resultaten visade en signifikant skillnad mellan en av stationerna fran Antarktis jamfort med
nordvastra Atlanten. En jamforande studie mellan tva olika Paragorgia arter har aldrig gjorts
innan, sa aven en jamforelse mellan deras inre morfologi utférdes dessutom, med huvudsakliga
mal att underséka om de ar samma art. Den storsta skillnaden som upptacktes mellan dessa tva
var, kanaler mellan siphonozooiderna (reproduktiva polypen) i P.arborea kunde inte hittas, vilket
det finns i Paragorgia sp., fran Antarktis. Det upptacktes dven tva andra intressanta strukturer i
Paragorgia sp. Man har bara hittat &gg i siphonozooiderna tidigare, men denna visar flera fynd
av agg i autozooiderna pa flera individer. Det hittades aven flera exemplar av en stor okand
struktur i honor. Dessa kan mgjligtvis vara embryon, tidigt utvecklade larver eller parasiter. Om
man kombinerar alla dessa fynd fran den Antarktiska arter, tillsammans &ven aggstorleks
frekvensen, kan detta mojligtvis visa att den har inre reproduktion. Denna studie skapar dock mer
nya fragor &n svar, men den ger oss nagra bitar mer till pusslet for att forstd “Bubblegum corals”
battre.

Abstract

There is still much unknown about the deep-sea and with increasing threats it is crucial for us to
know how deep ecosystems function to improve conservation. This study focused on Paragorgia
spp., otherwise known as Bubblegum corals, and their reproduction. It is thought that corals
living in harsher environments have larger but fewer eggs because they invest more resources in
each egg to ensure their survival. Samples from 3 different locations were used in this study,
P.arborea from north-west Atlantic and Paragorgia sp., from two locations in Antarctica. Due to
colder water temperatures in Antarctica, Paragorgia sp. was predicted to have larger oocytes
compared to P.arborea. By using basic histology, oocytes were studied under microscope and
ferret diameters could be measured. The results showed there was a significant difference in
oocyte sizes from one of the Antarctic stations compared to north-west Atlantic. A comparative
histological analysis of 2 different Paragorgia spp. has not been done before, so comparison in
internal morphological differences was also investigated, with the primary goal of assessing
whether they were the same species. The largest differences found were that P.arborea was
absent of canals connecting siphonozooids (reproductive polyp) together, whereas Paragorgia sp.
from the Antarctic exhibit these. Two other exciting findings were also found in Paragorgia sp.
Previously oocytes could only be found in siphonozooids but there were multiple findings in
autozooids (feeding polyp) on different individuals in this study. There were also multiple
findings of large unknown structures in females only. These are possibly embryos, early
developed larvae, or parasites. Combining all the findings from the Antarctic species, as well the
oocyte size frequencies, this could possibly tell us it’s a brooder. However, this study raises more
questions than answers, but it gives us some pieces of the puzzle to better understand the
Bubblegum corals.



Introduction
Background

Deep sea organisms are generally understudied due to the harsh environment they live in, making
data collection very difficult. However more knowledge of the deep sea leads to better marine
conservation, as the deep sea provides many ecosystem services important to shallow water as
well for us humans, e.g. nutrient cycling, or genetic resources for medical purposes (La Bianca et
al., 2023).

We know that deep-sea corals and the coral gardens they can form, are essential deep-sea habitats
since they benefit a lot of other species. Fish might deliberately release their larvae among corals
for their protection or the corals could serve as a feeding site, either as food themselves or help
others feed, e.g. suspension feeders climb on top of the corals to possibly avoid predators.
(Baillon et al. 2012; Krieger & Wing. 2002). These were only a few examples of symbiosis
between deep-sea corals and other organisms. With many of the deep-sea organisms there is a
knowledge gap due to how tough it is to collect data from these depths. This results in lack of
data in much of the general ecology for many species. One of the most important things to know
about a species is their reproduction, it is crucial to know because that’s how they survive for
more than 1 generation and can survive long term as a species. Most Anthozoans follow a general
life cycle, sessile corals spawn gametes into the water where spermatozoa can fertilize an oocyte
that becomes a larva that will settle and become a polyp. This can either grow into colony
through asexual reproduction or grow into a larger adult coral in solitary species. This is just a
general cycle which can come in many variations where sexuality and the different reproduction
methods can differ. A better understanding of species-specific reproduction methods and life
cycles improves the conservation methods we can do on deep-sea environments, so we are able to
protect them better. In the current time we only know a very limited amount, it’s estimated only
4% of known deep-sea corals have their reproduction described (Waller et al.2023).

Paragorgia spp., also known as the Bubblegum Corals, are an ecologically important deep-sea
coral genus found in all global oceans. The most common species of the genus is P.arborea. It’s
widespread and has been found in all parts of the world’s oceans (Sanchez, 2005; Herrera et al.,
2012). They are most commonly found from 40m down to about 2000m while another
bubblegum coral P. johnsoni has been found down to 4000m depth. There they sit on sloping
sites where there are strong currents which they require since they are filter feeders (Morato et al.,
2021). Like all corals Paragorgia is a colonial animal consisting of multiple sessile polyps.
Within the colony the polyps are split up in 2 different types of zooids and thus having dimorphic
polyps. (Bayer, 1973) It’s by one of the 2 polyps that that they use to feed, the larger autozooids.
The other smaller polyp, the siphonozooids are non-feeding and its only here gametes have been
found previously for Paragorgia sp., and the siphonozooid may get its energy from the
autozooids via canals (Eveborn, 2024).

In a study (Eveborn, 2024) describing reproductive morphology for Paragorgia sp., it showed
that Paragorgia sp. have both gonochoric and hermaphrodite colonies. There was also a new
discovery that has never been documented before in corals, spermatocytes with an internal oocyte
were found which makes us question how it is involved in reproduction for corals. It also shows
how little we still know about the deep-sea corals. Since corals are sessile benthic animals, they
need to adapt to changing environment instead of moving to better suited environments. It is
believed that, because of this, the difference in reproductive traits is a result from evolutionary
adaptation to environments (Van oppel et all., 2015).

There have been little to no studies within the genus Paragorgia before. The purpose of this
study is therefore to further expand our knowledge of these species. Examination and comparison
between 2 different species will be made using basic histology to compare and describe their
morphology and reproductive characters, this haven’t been done previously. A comparison
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between the oocyte sizes will be made as well. Previous studies have suggested that corals in
“harsher” environments, such as colder water have larger but fewer oocytes (Waller & Feehan,
2013). This behaviour is to ensure eggs survive and become larvae; therefore, they invest more in
fewer eggs. Another factor that has been documented affecting the reproduction of deep sea
corals is the decrease in food availability. With the increasing in depth the food can become a
limitation lowering the energy uptake. Thus, lowering the fecundity for corals living in colder
water, however, to compensate for the energy they put towards more lipids they can compensate
and produce a lower number of oocytes instead and balance their fecundity to be similar as the
corals living in shallower water (Flint et al., 2007, Waller & Feehan, 2013).

By knowing Antarctica having a colder water temperature at around 2-3 degrees Celsius
compared to around 8 in the NW Atlantic, a hypothesis can be made: Paragorgia sp. Invest more
in fewer eggs compared to P.arborea, therefor Paragorgia sp, will have larger mean oocyte size.

Aim of this Study

The aim of this study is to see how reproduction is different for 2 Paragorgia spp. in different
environments and also get a better understanding of reproduction of P.arborea from north-west
Atlantic and Paragorgia sp from Antarctica.

To achieve this, the samples in this study are collected from three different locations, with
different environments to see if there is any local environmental adaptation of Paragorgia. These
will be used and analysed to see differences if the egg sizes correspond to different temperatures
between the locations or if the difference of depth they are collected at has any significance for
their oocyte size. By looking at these factors it could potentially tell us if Corals living in more
“harsher” environments (deeper and colder water) invest more in early survival of their offspring.

Further describing of new and already known structures was done from histological processing.
This also allowed to describe difference in internal morphology between the 2 species and
locations.

Histological processing will be made and comparison of internal morphology. Further describing
new findings of internal morphology structure will also be made.

Aim of this study is also to improve the already existing histological process of Paragorgia spp..
This is to improve future research of these corals.

Material and method
Sampling

The samples of Paragorgia sp. were collected from 2 different places and expeditions. One set of
samples was collected from Burdwood Bank in the Southern Atlantic Ocean from the ARV
Nathaniel B. Palmer research vessel on the 12-13"" May 2011 during the NBP1103 cruise. The
samples were collected from 2 different locations which we will separate in this study. Station 10
(54 48.52S, 62 14.21W) was trawled at a depth of 720 meters and Station 16 (54 43.35S, 62
07.20W) at a depth of 1400 meters. After they were collected, they were preserved in 4%
buffered formalin for a week until they were transferred to 70% ethanol which they have been
preserved in until this study. All the different pieces trawled up from both stations are considered
individual colonies in this study. This could potentially be problematic since the pieces could
originally come from the same colony and lead to pseudoreplication, which will be considered
when interpreting the results. This study also uses data from Eveborn’s (2024) study which has
oocyte sizes from Paragrogia sp. The samples of this data were collected on the same time and
location from the same cruise as newly processed samples in this study. From my knowledge we
were both taught by the same person (Waller, pers.Com., 2024) on how to identify reproductive
structures of Paragorgia sp. | also got instruction personally by Eveborn (pers.Com., 2024) on
how oocyte was measured in that study. Our method of data collection should therefore be very
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similar and not influence the results significantly, however this should be taken into consideration
when interpreting the results.

The samples from the north-west Atlantic Ocean were picked up with an arm from the ROV
ROPQOS from the R/V Henry Billow vessel on its cruise 16-17 June 2014. The 2 locations, R1703
and R1705 were gathered on roughly the same spot (41 47 59.11 N, 65 41 4.21 W) in the north-
east Channel of Gulf of Maine in Canada. The depth they were collected from range from
657meters down to 759meters. We don’t have the same problem with these samples as the ones
from Antarctica, since they were picked up by ROV with an arm. They are guaranteed different
colonies.
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Figure 1. Map showing location of sampling. Station 10 & Station 16 located at Burdwood Bank

Histology

An earlier study on Paragorgia sp. developed a histology protocol which was used in this study
with some minor adjustments.

At first colonies were cut into 2-3 samples with a size of ~0,5cm?2. Some of these were cut in half
depending on how large the piece was. The pieces were then decalcified with hydrochloric acid
for about 1h or until gas bubbles could not been seen anymore coming from the samples.

To be able to get wax into the coral pieces, the samples went through a dehydration process. The
dehydration process is a 10 to 30 min of 30, 70, 80, 90, 95 and 100% ethanol baths which also
includes the samples laying in 100% overnight. One final 30min bath in ethanol in the morning
before the samples were cleared in Xylene. Here the protocol deviates from the original protocol
(Eveborn, 2024). Due to tissue being broken, instead of 25, 25 and 30min in Xylene these were
put in 30, 10 and 10 min which resulted in better results. After the xylene baths they were put in
molten paraffin wax for a minimum of 8 hours which usually could be done overnight. When the
samples have been in wax 3 consecutive times, they could be put into molds and create wax
blocks. Depending on the size of the samples, up to 4 pieces could be put into the same mold.

Sections were sliced out of the blocks with a thickness of 7 microns using a microtome (Leica
RM2155 & Leica RM2255). Three cut sections following each other were placed in warm water
(~40c) to make them less wrinkly, when they looked smooth, they all were transferred over and
put on a glass slide. This process was repeated 5 times on each block, between each slide
45microns were skipped. More slides could be created later if it seemed needed, due to the low
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number of eggs. After the glass slides have been dried, a protocol proposed by Waller (pers.
Com., 2024) for staining corals using Gomori’s Trichrome Stain (GoMori, 1950) was used. After
the whole process slide mountant (DPX) was put on the tissue on the slides and a cover glass to
preserve them for a long period of time.

Data gathering

Slides were quickly looked at to determine if the individual was a male or female. To make the
process more efficient only 1-2 slides were sliced of each wax block before, so time wasn’t
“wasted” on unwanted males for this study. After quick determine of gender more slides were
processed of individuals if female. The female slides were looked at on an Olympus (CX31)
microscope. Female oocytes with a visible nucleus were looked at with 4x-40x magnification and
photographed using a camera (Lumera infinityl) mounted to a microscope and connected to a
computer. Using FIJI ImageJ (version: 2.9.0/1.53t) the ferret diameter could be measured and
calculated for each oocyte. The measuring was done drawing around each individual oocyte, this
was easiest done by using a drawing tablet, but mouse could have been used also. The data was
sorted, and oocytes were placed in 20-micron bins ranging from 0-20 to the highest measured
oocyte. This was done for each individual female and all of the females put together, as well as
from the 2 different locations.

Some males were also sliced and looked at to further investigate previous documented discovery
of hermaphrodites in Paragorgia sp. Spermatocytes with an internal female gamete were also
further searched for in processed males.

Results
Morphological discoveries

From the Antarctica samples, 12 out of 20 were females and the rest were males. No
hermaphrodites were found in this study. Out of these twelve females from Antarctica, 10 had
enough oocytes to be measured. From the 4 samples of P.arborea, from the North West Atlantic
2 were females and 2 were males, also here no hermaphrodites were found.

A comparison between their intercolonial structures showed a few differences. There were no
canals connecting the siphonozooids in P.arborea(Fig.4.A). All the siphonozooids are well
defined and the placement of these were structed and distributed evenly in the outer cortex of the
coral within female individuals. Some oocytes appeared to be encapsuled by tissue in the
siphonozooids, the siphonozooids seemed more denser in some cases. No vitellogenic oocytes
could be found in samples from north-west Atlantic.

Canals connecting siphonozooids were present in Paragorgia sp., from Antarctica (Fig.4.B).
Here the siphonozooids were more scattered and could be found deeper within the tissue.
Multiple vitellogenic oocytes were found and measured.

The recently discovered spermatocytes with an oocyte inside their lumen was searched for in this
study, not one specimen could be found. However, samples of oocytes within the autozooids
could be found (Fig2.B) in Paragorgia sp., which have not been reported before for this species.
Multiple specimens in different individuals, 3 out of 10 female colonies could be found that had
at least 1 autozooid with oocyte within them. These were only rare sightings and between the 3
different individuals, 5-6 oocytes inside autozooids were found in total.

From the Paragorgia sp potential larvae or parasite was found (Fig.3) in four different
individuals. The individuals had 1 to 3 of this “unknown” structure within them for each slice.
They were only found within the female individuals. The size was not measured on these but
were about the size of 1000um and could almost always been seen through the whole piece of all
the slides processed. These were further investigated, and some were sliced through entirely and
no nucleus was found in either of them. There was however some internal differentiation in the
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tissue of these. Some had a smooth large grey area stained within them that is thought to be
muscle (Fig.2.C). There was also a line which could be mesoglea separating the endo- and
ectoderm.

= B

large smooth grey area. SZ = Siphonozooid, O = Oocyte, M = Muscle and potentially some mesoglea, T = Tentacle, F =
Lipids/Fats of some kind.
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Figure 3. A) Large “unknown” structure in Paragorgia sp with clear line separating tissue B) Zoom in on structure showing clear

line in tissue. SG = siphonoglyph, Ecto = Ectoderm, Meso = mesoglea, Endo = Endoderm.
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Figure 4. A) Overview of 6 siphonozooids within P.arborea from north-west Atlantic. B) Overview of of siphonozooids within
Paragorgia sp., from Antarctica. Here we can see canal between the 2 SZ pointed out. O = oocyte, SCE = sclerite, SG =
sihponoglyph, SZ = siphonozooids




Egg sizes

5 Individuals in this study were added from previous study of Paragorgia sp., by Eveborn
(2024). This resulted in 15 females from Antarctica.

In Paragorgia sp from Antarctica 1475 oocytes were measured across all 15 individuals. These
had a mean ferret diameter size of 207um (+-76SD). The oocytes ranged from 21um up towards
1384 um. In Paragorgia arborea 235 oocytes were measures between 2 individuals. The mean
ferret diameter of these measured to 182um (+-17SD), which of these ranged from 37um to
187pm.

Among the colonies from Antarctica the distribution was skewed to the lower size but still spread
across within the ranges. (Figb) The distribution of Arborea was only found within a small range.
Over 80% of the oocytes measure lays within 60-120um. (Fig.6). Graphs of oocyte each
individual can be seen in the appendix (Fig7-8).

Before using ANOVA, assumptions were checked. Test for normality was checked for, using
Shapiro-Wilks which showed non-significant (p > 0.1) and test for Homogeneity within groups
was tested using Leven’s test, which showed non-significant variances across groups (p>0.1). By
using an ANOVA test we could see there is a significant difference between stations (F = 5.53, df
=2, p <0.05). By also doing a post hoc test we can see there is a significant difference between

Station 10 and north-west Atlantic (p < 0.05). No significant difference between other stations
however.
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most extreme deviation in bin across all individuals. Arrows shows mean oocyte sizes, mean oocyte size station 10 = 150 um,
mean oocyte size station 16 = 245um. Bin size = 25, N = 15, n = 1475

10



40%

Paragorgia arborea

30%

Relative frequency (%)
=

10%

0%

-120
960
000
040
080
120
160
200
240
280
320
360
400

20 - 40
60 - 80

1 T T T T T T * * ¥ *©

180 - 200
220 - 240
380 - 400
420 - 440
460 - 480
580 - 600
620 - 640
660 - 680
700 - 720
820 - 840

100
140 - 160
260 - 280
300 - 320
340 - 360
500 - 520
540 - 560
740 - 760
780 - 80D
860 - 88D
900 - 920
940

980

020

060

100

140

180 -

220

260

300

340

380

- r T T T rr - r T

Feret (um)
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Discussion

Before this study we didn’t know much about the reproductive ecology of Paragorgia, we knew
basic things like they are gonochoric with occasionally hermaphroditism (Eveborn, 2024) other
than that most of it has been predictions and speculations. (Lacharité & Metaxas, 2013; Waller et
al; 2023). This study does expand our understanding of Paragorgia sp., and P.arborea. We can
compare these 2 species and see internal differences of their reproductive structures. This study
also provides with two new great discoveries in Paragorgia sp., from Antarctica. Oocyte in
feeding polyp as well as potentially found larvae. With the help of the improved histological
processing | was able to make, ferret diameter could be measured of oocytes and mean ferret
diameter size could be compared between stations. This data adds to what currently is thought,
corals in harsher environments invests more in fewer eggs.

Morphological discoveries

From my knowledge we didn’t have histological process of 2 possibly different Paragorgia spp
before, only from Paragorgia sp. (Eveborn, 2024). We knew before that the Paragorgia samples
from north-west Atlantic were Paragorgia arborea, but we didn’t know which species of
Paragorgia the ones from Antarctica were. By comparing the slides and their structures inside we
can see differences that would make them most likely 2 different species. In another study
(Eveborn, 2024) of reproduction of Paragorgia sp., canals between the siphonozooids were
discovered that connected all of them together, this could also be seen in this study as well.
However, P.arborea did not have these canals between the siphonozooids. The placement of the
siphonozooids differed also, in my opinion the P.arborea was more “well organized”, the
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distribution of siphonozooids were distributed more uniform in the outer edge of the cortex, with
close proximity to each other. The Paragorgia sp. is what I would call a bit more “all over the
place”. The siponozooids didn’t have a clear arrangement as P.arborea, some could be closer to
the outside and some could lay deeper into the tissue. This could possibly be because of their
canals which allow them to be spread more within the colony. And by this difference I will draw
the conclusion that these 2 are different species.

What was previously thought to be an abundance in Paragorgia sp., was found in this study. It
comes to no surprise that gametes were found in in the autozooids as they have been found in
other Paragorgiia (Verseveldt, 1940) as well. These seem to be rare as only 4-5 were found in 3
different individuals. However, if we consider what has been studied for other octocorals (R.
Babcock, 1990) where gametes were present in autozooids, there might be a reason for it to be
only rare occurrences. The autozooids being the feeding polyps means that non-food that is there
is blocking its food intake. If Paragorgia sp. was a brooder (the reproductive mode is yet
unknown) this could possibly make sense. In comparison to P.arborea, it had fewer eggs. To
compensate for this and maximize their fecundity, they might brood and ensure early survival of
their larvae. Similar reproductive behaviour has been documented for another Scleralcyonacea,
Heliopora coerulea (Babcock, 1990).

Another interesting discovery was the mysterious large structures. Many questions came at first
when they were found due to their size and quantity. If an individual had these in them it wasn’t
just one, it was always more and if more pieces were processed from same individual, more could
be found. From what has been found in this study there are a few conclusions that can be made
from these and what they could potentially be. At first, they were thought to be vitellogenic
oocytes due to their size. Many of them were sliced thoroughly and no sign of nucleus could be
found. There should have been an indication by now, but since no could be found they are most
likely not oocytes.

Generally, larvae are hard to distinguish in histology, what you are looking for mostly some
differentiation in the tissue (Heran et al, 2023). There were some differences in tissues on some,
but no clear signs. The large smooth grey area that was found on a few (Fig.2.C), is most likely
muscle tissue or mesoglea. The best indication however would be the line that could be found on
a few samples (Fig3). These are likely to be a differentiation and we are starting to see the
mesoglea forming. What is interesting is the border of separation seems to fade away and cannot
be seen at some. If it were the case of it being larvae, then it is most likely a very early
development of larvae. Some more potential explanations for it to be larvae is these structures
were only found in female colonies. What we also know, is the presence of siphonoglyps in
Paragorgia. These structures are pumping water within the animal to supply oxygen (Bayer,
1973). These could also potentially play a role in reproduction, by pumping sperm to unfertilized
eggs, if the case were Paragorgia sp., to be a brooder.

This study didn’t focus on males particularly and most weren’t sliced further than necessary to
determine sex. However, these structures were always large enough and could always be seen on
every slice in some shape or size of the female individuals. Considering at least two slides from
two different spots were always processed to looked at even for males, it would have been most
likely to be found, but should be investigated further on males. What should also be bearing in
mind is they were only found on individuals from station 10 in Antarctica. These samples were
collected by trawl. Due to this collection method being so unforgiven, whole colonies were
broken apart as mentioned before. This could mean all the pieces were originally part of the same
colony.
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Egg sizes

From the result we can see a clear difference in oocyte size distribution between the 2 species.
The size distribution in P.arborea is similar to Lophelia (Waller & Tyler, 2005) we can see a
single cohort in size, in this case between 60um — 120um (Fig.6). This suggests that arborea is
likely a seasonal spawner in some way. Due to only samples from one timeframe, it is hard to
tell, it could be yearly or biyearly. It would be interesting to see further studies with sampling
from the same location but different times of the year. By doing further research it would be
easier to determine how fast their reproduction is and when it happens during the year.

The Antarctica samples however are more spread out of in terms of oocyte sizes. Unfortunately,
many larger vittellogenic oocytes were destroyed by preservation or the histological process that
it was impossible to measure them and therefore to be measured. Still the data that was obtained
during this study can be compared to two other Corrallidae spp., Corallium secundum and
Corallium lauuense where non-seasonal reproduction was indicated (Waller & Baco, 2007)
which could now also be the case for Paragorgia sp., as well. What is also interesting is the
difference between the 2 stations in the Antartica. Even though there is no significant difference
we can see one station has a trend of larger eggs. What we can tell by looking at the graphs, there
is indication of asynchronous spawning behaviour in this Paragorgia sp. between colonies in
population.

What does this difference in oocyte sizes tell us about these deep-sea corals? It was shown in the
results that there is a significant difference in oocyte size between station 16 in Antarctica and the
north-west Atlantic coral with the latter being larger than the other. As this study hypothesized,
Paragorgia sp., has smaller oocyte sizes than P.arborea, this seems to be the case.

It was also thought to be more eggs in the Atlantic samples compared to Antarctica. There was no
primary focus on counting the number off eggs. However, I’ve been going through many samples
of these while measuring the eggs. One noticeably difference between the 2 locations was how
easy it was to find enough eggs in P.arborea from north-west Atlantic. My aim was around 100
oocytes for everyone, but at a minimum of 70. For P.arborea only 2-3 slides in total from each
individual was needed to reach 100 measurable oocytes. This was not the case for Paragorgia sp.
Here they were found in much less number in each siphonozooid. Most of the time more slides
needed to be made and in some cases more pieces also needed to be processed to make new wax
blocks, due to the low number of eggs. This resulted in a minimum of 10 slides for everyone,
where some needed about 20 slides to reach 70 measurable oocytes. There was also the case
where two individuals had such a low number of measurable oocytes, they were discontinued.

If we take these size differences and number of eggs found it could predict that corals living in
harsher environments invest more resources in fewer eggs and showing environmental
differences. This difference could be because of depth, were deeper colonies experience
decreased food availability, hence the reason we see a slight difference in oocyte- size frequence
in the two stations from Antarctica at difference depth. It could also be because of the known
temperature difference, were Paragorgia sp from Antarctica has adapted to colder temperatures
and has increased lipids to fewer eggs. These are however 2 different species, it would be
interesting to study P.arborea known to be globally spread in different environments, both in cold
water in lower and higher depth as well as lower and higher depth in relatively warmer waters.

Limitations

This study has some limitations unfortunately that should be considered and worth to discuss.
Due to the limitations of sampling from the depth we only have as mentioned before, samples
collected from one time point from each location. This means we can’t see if there are any
seasonal effects and know if the eggs could potentially grow larger from what they currently are.
It could also be that the 2 species are in two different stages of their development of eggs and the
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reason we see a difference is because of the different timeframes and not because of local
adaptation. The best way to get an overview, is to test and measure on different time points
throughout the year which would let us see both egg growth and see if there are any seasonal
effects on both locations and species. Another limiting factor is also the limited number of
individuals, especially P.arborea from north west Atlantic considering it only has two different
individuals. This weakens the statistical test, increases the risk of being type 2 error and could
possibly influence the results. However more samples from different individuals should be
measured to justify these results better. This study hypothesis is about corals local adaptation to
environments, however only two species is not enough to test this. What could be done is either
get more different species, so more comparison could be made for corals in general and their
local adaptation. However, due to limiting factors the hypothesis could also be reframed and
focus more on species specific instead of corals in general. We know that P.arborea is
widespread, focus study could only look at P.arborea and how this species adapts to
environments.

Conclusion

This study provides additional data to what is currently very limited of the genus Paragorgia and
reproductive ecology of deep-sea corals. In this study 2 species of Paragorgia have been
compared from 3 different locations, 1 from Gulf of Maine in north-west Atlantic and 2 in
Burdwood Bank, Antarctica. Oocyte sizes were examined and their oocyte size-frequency
indicates P.arborea from north-west Atlantic to be seasonal spawner and Paragorgia sp., to have
non-seasonal behaviour. However, due to samples only being from one time-point from all
locations, larger conclusions can’t be made and more data from different time points is necessary.
The oocyte sizes also tell us there is a significant difference between stations. The individuals
living in harsher environment, colder water in Antarctica and greater depth 1400m compared to
700m, do invest more in fewer eggs which results in larger mean oocyte sizes.

There were some interesting new discoveries in this study while examining Paragorgia sp., from
Antarctica. Oocyte in autozooids was found in multiple individuals, this has never been
documented before for this species. Large “unknown” structures were also found multiplicates of,
these are either parasites, embryos, or very early developed larvae. These two new findings could
make us rethink the reproductive mode of Paragorgia sp. It was previously thought to be a
broadcast spawner due to absent of larvae. But these discoveries might change that. Further
studies of the “unknown” structures is also necessary to further our knowledge of Paragorgia sp.,
reproduction.

This study proves yet, there is still much we don’t know about the deep sea. It highlights the
importance to further collect data to expand our knowledge about the reproductive ecology of
Paragorgia spp, which is useful for marine conservation (Wang et al. 2021)
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Appendix
Protocol for Histology processing of Paragorgia sp. & P.arborea

1. Decalcify — Hydrochloric Acid
a. Varies with size, sample should be in hydrochloric acid until there is no more bubbles
and it feels soft.
2. Dehydrate — Ethanol

a. 30%
i 30min
b. 70%
i 10min
ii. 10min
iii. 10min
c. 80%
i 10min
ii. 10min
iii. 10min
d. 90%
i 10min
ii. 10min
iii. 10min
e. 95%
i 10min
ii. 10min
iii. 10min
f. 100%
I. Minimum 8hrs — Overnight
ii. 30min
3. Clearing — Xylene
a. 30min
b. 25min
c. 25min

4. Wax embedding.
a. Minimum 8hrs — Overnight
b. Minimum 8hrs — Overnight
€. Minimum 8hrs — Overnight

5. Mold embedding

Slice

7. Stain

o
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Protocol for Gomori’s Trichrome Stain

Chemical

Time (min)

Xylene

Xylene

100% EtOH

70% EtOH

Distilled water

Gomori’s Stain

5
2
5
5
5
5

95% EtOH

Rinse/Dip

100% EtOH

3

100% EtOH

Xylene

Xylene

3
5
5
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Figure 7: Relative frequency distribution for each individual colony of Paragorgia sp., from Antarctica. Error bars show the most

extreme deviation in bin across all individuals. Arrow shows mean oocyte sizes. Bin size = 20
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Figure 8: Relative frequency distribution for each individual colony of P.arborea, from north-west Atlantic. Error bars show the

most extreme deviation in bin across all individuals. Arrow shows mean oocyte sizes. Bin size = 20
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