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This publication is intended to be used as a guide for
anybodywith a needto understand,or an interest, in the
reproductivecycleof seaurchins It includesthe following:
a descriptionof the reproductivecycleof seaurching the
factorsthat causevariationsin the sizeand quality of the
gonad methods for sampling sea urchin gonads and a
guideto readingthe histologyslidesof seaurchin gonads
in order to be able to classifythem into the different
stagesof the reproductivecycle In order to further assist
with this processAppendix! show examplesof histology
slides taken from the two wild populations as well as
histology slidesfrom an enhancedcaptive sample These
clearly show the general pattern associatedwith the
reproductive cycle of seaurchinsbut alsothe enormous
variation that can occur between populations and
treatments

This revised version of the original document has been
improved and updated with scanningelectron microscopy
imagesaswell ashistologyimagesof enhancedseaurchin
roe. It is Theauthorshopethat this guidewill enablethose
working with seaurchinsto follow the reproductivecycle
of selectedpopulationsand that it will contribute to the
knowledgeof the reproductive cycleof seaurchinsthat
occur in various populationsaround the coastof Norway
andelsewherearoundthe world.
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Introduction to sea urchins

Seaurchinsare ancientand primitive organismsthat lack
many of the organsfound in higheranimals Theyhaveno
specializedrespiratoryor circulatorysystem(i.e. no heart,
blood vesselsor, oxygenbinding moleculesin their body
fluids) and they have no specializedexcretory organs
Basically,sea urchins consist of a mouth, a gut tube
(digestivesystem) the gonads(alsoknown asthe roe) and
a primitive nervoussystemwhich are all surroundedby a

hard shell (also known asthe test). On the outside of the
test are the spinesandtube feet (podia) (Figurel). Despite
this simple designseaurchinsare capableof survivingfor
long periods (sometimesyears)with little or no food as
they havethe ability to lower their body metabolismand
biological functions (such as reproduction) accordingto
environmentalconditionsand feed availability Becauseof
this, both the size and the quality of the gonadand the
rhythm of the reproductive cycle are highly variable
between individuals and between populations of sea
urchins

Measuringseaurchingonads

Thesizeof a seaurchingonadis measuredas Gonadindex
(GI) Thisis simplythe percentageof the total body weight
of the urchinthat is made up by the gonad To accurately
assess$slof anindividualurchinthe whole urchin needsto
be weighed(Totalwet weight of seaurchin),

the gonadsthen need to be removed, cleanedand then
weighed (Wet weight of gonad) The GI can then be
calculatedusingthe followingformulae

Wet weight of gonad(g)

Gl(% = x 100
Totalwet weight of seaurchingonad(g)

Factorsthat affect seaurchingonads

The Gl of urchinsin the wild can vary hugelyand can be

lessthan 1% or as high as 20% whilst for cultured sea
urchinsGlvaluescanbe ashigh as 35% (Figure?2). Factors
that affect Gl are feed availability environmental
conditions(e.g. daylightperiod, water temperature quality
and presencéabsence of water currenty and the

reproductive cycle of the urchin The latter also has a

significantimpact on the quality of the seaurchin gonad
and this is discussedn more detail in the Reproductive
cyclgsection Becausef the naturalvariationin urchinGl,
large differences can occur both between individuals
within a population and between urchin populationsthat

are very closeto one another. Thereforeit is extremely
difficult to accuratelypredict the size and quality of sea
urchinsgonadsfrom any given population before the sea
urchinis openedandthe Glis calculated
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Figurel. The anatomy of the sea urchitrongylocentrotuslroebachiensis



Sampling sea urchins

It is not possibleto accuratelycalculatethe Gl of a sea
urchin without destructively removing and weighing the
gonadsfrom the urchin. Similarly, it is not possible to
estimate the reproductive stage of a sea urchin without
removingthe gonadand makinga histologicalexamination
of a portion of the gonad The processfor taking a gonad
sampleis describedin Figure3 and consistsof removing a
thin (2-3mm) sliceof the roe from the middle sectionof a
singleroe (eachseaurchin has5 roe) with a sharpclean
scalpel Oncethe samplehas been taken it needsto be
fixed and stainedin order to be ableto determinethe sex,
andthe reproductivestage Themethod for doingthisisto
place the slice into a labelled histology cassette which
shouldthen be placedin 10% buffered formalin (Figure3).
Ideallythe sample(sshouldthen be keptrefrigerateduntil

they can be sentto an institute with the facilities (if not
availablein house)to fix and stain the samples Thefixing
and stainingprocessinvolvesthe samplebeingfixedinto a
wax block which is thinly sliced,mounted on a glassslide
and then stained (to make the various cells show up as
different colours) Theresultis a histologyslide which can
then be examinedundera microscope

(NOTEWhenfemaleseaurchinsare full of fully developed
eggsit is also possibleto seethe eggswhen a smearis
taken from the gonadand examinedunder a microscope
However it is not possible to accurately assessthe
reproductive stage of male or female urchins using this
technique.

Figure 2 Example of searchins Strongylocentrotuslroebachiensjswith very high Gl (top) and

very low Gl (bottom)



Sampling sea urchins

Figure 3. The processfor samplingthe roe of a seaurchin and preparinga histologysample (1) the equipmentrequired

includesa seaurchinopener,a spoon,a scalpe] (2) a histologycassetteand a plasticcontainerwith 10% formalin solutiorn
(3) weighingthe wholelive seaurchin (4) measuringthe test diameterof the urchin (5) openingthe urchirg (6) removingall
5 gonads (7) weighingthe 5 gonads (8) removinga smallsectionfrom the middle of the gonad (9-11) labellingthe plastic
containerand histologycassetteand placingthe samplein formalin solution (12) Examinatiorof histologyslidesusinga light

microscope




Understanding the morphology of sea urchin gonads

There are a number of publications book chaptersand

referencesdescribingthe histologicalmorphology of sea
urchingonads However the authorsbelievethat thereisa

paucityof information on the grossmorphology(structure)

of sea urchin gonads As an example it is difficult to

imagine how it is possibleto get the strange shapesin

histology slides made from the gonads of sea urchins
(Figure 4). By taking a closer look at the shape and

structure of the gonadit is easierto imaginewhy we get

the resulting histology Imagine a series of WHobble
(picture a baloon filled with water) that are all joined

together to form a whole gonad structure that we see
when we look at the gonad Thisis a solid structure made
up from a seriesof interconnectedHobbleg)(Figure 5B).

When we take a slicethrough the gonad(aswe do when

taking a histology sample) then we do not get a solid
section Insteadwhere we cut accrosghe Hobble<we get
solid histologysectionssurroundedby gaps

This is illusterated in Figure 4 and 5. Figure 5 shows
scanning electron micrsocopy (SEM) three dimensional
imagesof how the seaurchin gonadlookswhen fixed and
cut. There are a number of physical differencesin the
gonadsof enhancedseaurchinscomparedto gonadsfrom
wild seaurchins Theimagesin Figure5 are from a wild
caughturchin and it would be interestingto comparethe
grossmorphologyof wild andenhancedgonads
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Figure4. Anexampleof a histologyslideresultingfrom verythin slicestakenfrom the fixedgonad Thisslideshowsthe roe of

afemale(top) and male (bottom) seaurchins



Understanding the morphology of sea urchin gonads using scanning electron microsc
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Figure5. (A) Dorsal(top) view of seaurchinwith mouth removedto revealthe 5 gonads (B) Removabf the gonadfollowed
by removalof the tip and subsequenslicingof the tip. (C)ScanningelectronmicroscopySEM)mageof the tip of the gonad
(D) SEMof the slicethroughthe tip. (E) Theslicethroughthe tip with hatchingshowingwherethe histologyslidewould show

details (F) Theresultingviewin a histologyslidefrom this preparation(in this caseit isfrom a femalewith mature eggs)
Illustrations byGunhild S. Johansson



The reproductive cycle of sea urchins

Understandingthe reproductive cycle of sea urchins is
important to any potential seaurchinfisheryin Norwayas
the gonad(often referred to asthe W NBis3h@ dnly part of
the urchin that has any commercial value and the
reproductivecycleaffectsboth the sizeand the quality of
the gonadand subsequentlits value Anybodyinvolvedin
the aquacultureof seaurchins also need to understand
both the reproductive stage of individuals and the
reproductivecyclesof populationsin any givenareawhere
they are operating

Descriptionof seaurchinreproductivecycle

Adult seaurchinsare either male or female with a normal
sexratio of 1:1, they both normally spawnonce per year
and releasetheir gametes(eggsor spern) into the water
column (this is called broadcastspawning where mixing
and fertilisation of the eggsoccurs Normally in Norway,
spawningoccursaround April when a sharp drop in the
size of the gonads occurs Following spawning in
springlearly summer the urchins go through a dormant
stage when the gonad is generally small and in poor
condition

14 Storage cells (NP)
25

In late summerthe gonadsslowly increasein size as it

producesstoragecells (also know as nutritive phagocytes
or NP)which increasein both sizeand number. In early to

mid winter gametogenesigthe formation of reproductive
cells)occursand the number of storagecellsin the gonad
reduces and these are replaced with reproductive cells
(Figure6). The cuesthat stimulate gametogenesigre not

fully understood but the primary cue is believed to be

changingphotoperiod The number of reproductive cells
within the gonadbuilds up over winter until the urchinis

onceagainin spawningconditionin late winter/Spring The
cuesthat trigger spawningare alsounclearbut the primary
cuesare believedto be temperature and environmental
factors suchasalgalbloomsand storms Figure6 showsa

typical reproductive cycle in a sea urchin, with large
changesin the size of the gonad (the Gl)and alsoin the

cellular composition of the gonad throughout the year.

However,the reproductivecyclecan vary widely between
geographiclocations and even within relatively limited

areasandthis isdiscussedurther in the following section
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Figure 6 A typical sea urchirSfrongylocentrotusiroebachiensjsreproductive cycle showing the gpawning peak in the Gl
(February/March) followed by a rapid pespawning decline and then a gradual rebuilding of the GI. The changes in the ra
of the storage cells (NP) and the reproductive cells are also shown. Note this cycle can vary significantly between and v

sea urchin populations.



Thegonadis the only organin seaurchinsthat is capable
of storing nutrients and so it is both the primary organfor
reproduction as well as for nutrient storage This means
that seaurchinreproductionand nutrient storageare very
closelylinked Thegonadof the seaurchinare madeup of
two types of cells reproductive cells and storage cells
(Figure7). Thereproductivecellsare the eggs(oogonium,
females and the sperm
spermatid and

oocyte and ovum) in
(spermatogonium  spermatocyte,
spermatozoon)in males Storagecellsare cellsthat store
the nutrients, such as proteins, carbohydratesand lipids
that are used for gamete development (known as
gametogenesispr for basicmetabolic activity when feed
availabilityis very low. Storagecellsalsohavethe ability to
absorb (phagocytose) unused reproductive cells after
spawninghasoccurred Thepercentageof the two typesof
cells present in the gonad varies throughout the
reproductivecycleand hasa significanteffect on both the
sizeandquality of the gonad(Figure2 and6).

Variation in reproductive cycle between individual and

populationsof seaurchins

Apart from the natural reproductivecycleof a seaurchin,

both food availability and urchin density have also been
shownto influencethe gonadsof wild urchins Whenfood

is limited, the sizeof the gonaddecreasesand when food

is abundantthe gonadsare generallylarger. Limited feed

availabilityhasa negativeeffect on the reproductivecycle
and when the food supplyis very low (e.g. ascanoccurin

extensiveseaurchin barrens)the roe of the urchin maybe
too small to produce any reproductive cells (Figure 2).

Environmental conditions such as seasonalvariation in

seawater temperature and light (photoperiod) can also
impacton the reproductivecycleof seaurchinsresultingin

enormous variations between populations and even
individualswithin a population A study of the Gl of two

populations both situated in Kvalsund,closeto Tromsg
that are only 0.5 km distance apart clearly shows both

seasonal variation and variations between the two

populations despitetheir closeproximity (Figure8).
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Figure 7.The two types of cells present in the gonads of male (top) and female (bottom) sea urchins: Reproductive cells

storage cells (nutritive phagocytes).



Roe enhancement of sea urchins

Roeenhancemenis definedasthe captureof wild, mature
seaurchinsthat are of suboptimalquality for sellingwhole
and live or for processingand sellingthe gonad(roe). The
sea urchins can be collected from areas of low feed
availability, poor environmentalconditionsor from urchin
Wo | NMBeyeas€a urchins are present at very high
densities Oncecollectedthey canbe held in either land or
seabased holding systems and fed natural
manufactured feeds to enhancethe roe. Enhancement
meansincreasingthe quantity of the roe (i.e. increasing
the percentageGl) as well as improving the quality and

consistencyof the product This varies accordingto a

number of factorsbut cannormally be achievedwithin 2-3

months

or

Thereare manyreferencesand publicationsdescribingroe
enhancementrials on a rangeof seaurchinspeciesfrom a
range of different countriesusing a variety of feeds and
holdingsystemé&!.

The results of these trials are ususallyexpressedas the
increase in Gl resulting from roe enhancementbut a
number of studies have also investigated the resulting
changesdn quality (suchascolourandtaste)

35 4

It is clear that roe enhancementcan cause a very rapid
increase in the size of the gonad and resulting Gl,
especiallycomparedto the Gl of wild populations(Figure
8). It isnot entirely clearwhat the impactis on the physical
qualities of the gonad other than taste and colour. For
example the texture of ¥nhanced)gonadsappearto be
softer than thosefrom wild seaurchinsandthe reasongfor

this are unclear The following four pagescompare the

histology slidesof wild seaurchin gonadswith enhanced
seaurchingonadsfrom the four stagesof the reproductive
cycle Thereis an obvious difference in the amount of

storage cellsbetween the two (see also AppendixI) with

enhanced sea urchin gonads having significantly larger
amounts Thisis a result of the enhancedseaurchinsbeing
heldin optimal conditionswith regularfeed.
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Figure 8.The changes in Gl of two wild populations situated 0.5 km from one anotherkvétteinchear Tromsg. Note how
different the Gl values are between the populations despite their close proximity. The captive samples show the Gl of rc
enhanced sea urchins collected from Population 2 and held in a land based facility (the reddediddte when the

samples that are shown in Appendix 1 were taken from these three sample groups).

NOTEa full descriptionof the two populationsitesandthe conditionsthat the captivesamplesvereheld in is given in
Appendixt

[1] Brown, N.P. & Eddy S.D., 2015. Echinoderm Aquaculture. John Wiley & Sons, Inc., Hoboken, New Jersey, pp367.



The four stages in the reproductive cycle $frongylocentrotusdroebachiensis

The developmentof reproductivecyclein seaurchinshas
been has been divided into four stagesby Walker et al.
(2007). Thisclassificationis now widely used around the
world when describing the reproductive stage of sea
urchinsfrom awide variety of speciesand hasbeenusedin
this guide The four stagesare as follows (examplesare
given from male and female urchins collected from wild
populationsaswell as captive seaurchinsthat have been
roe enhanced:

Stage I: Female

Wild

Storagecells

Stage |: Male

Stagel: Postspawning (Inter-gametogenesisand storage
cellphagocytosis)

This stage occurs for approximately3 months in spring
after spawninghasoccurred Residuaprimary oocytesare
presentin the cells of female gonadsbut otherwise the
gonadslook empty and have a @essyappearancewith
little structure. Towardsthe end of this stagethe number
of storage cells increasesand reproductive cell begin to
appeararoundthe peripheryof the cells

Stage I: Female

i ol

Storagecells

Storagecells

[2] Walker, C.Wnuma T.,McGinn N.A. Harrington L.M., Lesser, M.P., 20(Reproduction of sea urchins. In: Lawrence,
J.M. (Ed.), Edible Sea Urchins: Biology and Ecology. Elsevier, Tampa, Florid26pp. 5



Stage Il: Storage cell growth (Pregametogenesisand
storagecellrenewal)

This stageccursfor approximately3-4 monthsduring
summer.Reproductivecellscontinueto appeararoundthe
peripheryof the cellsand start toincreasein sizeaswell as
in number. Towardsthe end of this stagethere is a
substantiaincreasein the numberandsizeof storagecell
cells

Stage Il: Female

Stage II: Female

Ly L

Storagecells Reproductivecells

Storagecells Reproductivecells

Stage Il: Male

Captive

qﬁ&"’“ PR 3

Storagecells Reproductivecells




Stage Ill: Development of reproductive cells
(Gametogenesisind storagecell utilisation)

This stage occurs in early winter and lasts for

approximately5 months and overlapswith the previous
stage for some time. The reproductive cells continue to

developandbeginto migrateinto the centreof the cell. As
the number and size of reproductive cells increasesthe

number and size of storage cell cells decreases
simultaneously

Stage lll: Female

i oy

Stage Ill: Female

Captive

Storagecells

Stage Ill: Male

Image is noawvailablefrom samples

Stage Ill: Male

g

Storagecells Reproductivecells



Stage IV: Spawning and pre-spawning (End of
gametogenesisstoragecell exhaustionand spawning)
Thisstagelastsfor approximately2-3 monthsand occursin
late winter. The middle of the cells(the lumen)is packed
with fully developed (differentiated) reproductive cells
(gametes stored and ready for spawning The storagecell
cells are exhausted and are substantially reduced in
number and sizeand may be completelyabsent Towards
the end of this stagespawningwill occurwhen all or some
of the reproductivecellswill be releasedfrom the gonad

Stage IV: Female

Storagecells

Stage IV: Male

Storagecells Mature reproductivecells

Stage IV: Female

Captive

Stage IV: Male

Captive

+ el

Storagecells Mature reproductivecells




APPENDIX I: Comparison of wild vs. captive histology samples from JunN284.2011

The following histology images are included in this
publication as examplestaken from two wild populations
of seaurchinsaswell asa sampleof seaurchinsthat were
collected from one of the wild populationsand held in a
land-basedfacility and enhancedover a 12 months period.
The authors believe this is the first time a visual
comparisonof wild versusenhancedgonad histology has
beenpresentedin a publicationand we hopethat it will be
of usein subsequenstudies

Population1

Population2

Descriptionof collectionsites

Population1 (Karvika) (Figures9 & 10) Figure9: Thethe two collectionsitesfor Populationl

The seaurchinswere collected from an area between 2- and 2 inthe Tromsg areaf North Norway

6m deep. It hada hard rockybottom interspersedwith soft

gravel Thecurrentsat this site were relativelysmallfor the o ' X
Kvalsund area (which is known to have very strong RMEVgssy
currentg asit is very broad at this point and the site offers Population 1
) (Karvika)©
a natural small sheltered harbour which further reduces
currents The sea urchins were collected by free divers Pov(;;ulat-ﬁ;!z.
unne
usingcatchbags Theenhancedseaurchinswere collected
from this population
Kvalgya
Population2 (Tunnel)(Figure & 10) Bromsl
The sea urchins were collected from an area that was g
between 2-4m deep and slowly shelving It had a hard & b £

rockybottom interspersedwith soft gravel Thecurrentsat
this site were stronger (2-3knots of currentis commor) as
the sound is very narrow at this point. The sea urchins
were collectedby free diversusingcatchbags

Captivepopulation

Seaurchinscollectedfrom Population1 were transferred
to the Havbruksstatasjonerfland-based researchfacility)

at Karvika Theywere placedin shallowtrays and fed once
per week with the Nofima sea urchin roe enhancement
feed. Theywere held at ambient seawatertemperatures :
andat 12/12 hour light period for 12 months Meroigd &

Rao :qadal"
e 1_ l.

Regulammpleswere removedand histologysamples SD& o
were collectedoverthis period. Example®f the Fiordans’

resultinghistologyare shownin the Hor§g|€..a.a
following pages iy

Figurel0: Thepositionof the two collectionsitesin the north of Norway
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APPENDIX

T1collection: Male urchins 16 June 2010
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APPENDIX

T2collection: Femaleurching 13 September2010
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APPENDIX

T2collection: Male urching 13September 2010
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