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Introduction

The early possettlement stages of marine invertebrates often differ markedly from later
stages, and may not be recognisable from conventional identificdtaoks which typically
focus on the adult stage. Yet tigentificationof earlystage settlerss necessarywhen
studyingrecruitmentonto solid structures (and its preventioa) monitoring settlement
panels to detectolonization bynon-native species. This guide is intended as ariaid
identificationof post-settlement stages of fouling species, basgdthose encountered in
westernGreatBritain. It shows a bias towards ascidians angbboans, and to nonative
species, in both respects reflecting our own interests. Some other groups are included, but
others, such aspongesare not. We hope to fill somef the gaps in later versionse do

not deal withlarval (presettlement stage except insome compound ascidians in which
the brooded larva can be seen in colonies and helps to distinguish similar speciestand/or
explainthe distinctive anatomy of the metamorph.

For each species, developmental stages arsgméed in chronologad order.We have
mostlyillustrated living specimens. Specimens preserved in alcohol or formalin can differ
considerablyn appearancdrom live material, and it would be ideal to illustrate both
conditions some examples are shown for comparisbDifferences between live and
preserved specimens aparticularlymarked inascidians, in which the increased opacity of
preserved tissueanassist observationwhile strong contraction associated with
preservation can profoundly alter the shapta specimerfsee Ciona intestinalisigure K)
Many of the imagesisedare of specimens settled onto transparent substrates (generally
Petri dishesphotographedusing lighting from underneathwvith either dark-field or bright-
field ilumination (compared in figures Gnd H of the bryozoachizoporella japoni¢aThis
reveals anatomical detail in partially transparent specimens, but is not a vielalaleai

when scoring slement onto opaque materials.

We deal with several species recently arrived in the NE Atlantichwhay not yet be
includedin conventionally published identification guidedthough the second edition of

the Handbook of the Marine Fauna of Noiftest Europe (PJ Hayward & JS Ryland, Oxford
UP, 2017) goes a long way to filling this.géprange of oline resources and booklets for

the identification of the adult stagef non-native speciess also availablencluding a guide
that is alscavailableas a PDFor downloadat http://www.mba.ac.uk/fellows/bishopgroup-
associatefellow#b18or as a waterprof booklet.

Information on early stages of NW Atlantic ascidians and bryozdaariadingmanyspecies

Ffaz2 F2dzyR 2y GKS ' GftlyaGgAO O2Fad 2F 9dzNRLISO
Juvenile Stages of Common Long Island Sound Ascidians ntiBry y 4 Q o6& { (G SLIKI y
and Robert Whitlatch, available at
http://web2.uconn.edu/seagrant/publications/marineed/ascidiaquide.pdf.

We would be glad to receive corrections, suggesiand constructive criticisritVe hope to
producefurther improved andexpanded versions in the future.



Glossary

Ancestrula: Founding zooid of a bryozoan colony, arising fremetamorphosis of a larva.

Avicularium Nonfeeding zooid in a bryozoan colonywhich the zooidal closure
(operculum) is modified into a jadike structure.

Colonial:Descriptive of speciesgwingfrom the founding individual into an array o
interlinked modulesharing the same genotygeooids or polyps G KS nuRidle2 y @ Q a
WA Y R A Yy Rvdgethtisietbudding process. (nitary).

Lophoplore: The tentaculate feeding apparatus of a bryozoan zooid.

Metamorph: General term for the product of metamorphosis; used Hereonvenience
wherethe standard terminology fothe groupis notapplicable, e.g. the cegr starshaped
early phase seen ithe unitary ascidia\sterocarpa humiliand the twaezooidcolony
arigngdirectly from the larvaof the colonial ascidia®iplosoma listerianum

Oozoid(or oomoid): Founding zooid of a tunicateere,ascidiar) colony, arising from the
metamorphosis of larva.

Operculum: The lid or closure of the zooid of a cheilostomate bryozoan, raised when the
lophophore is protruded.

Unitary: Descriptive of speciegmaining as a single individual derived frtm larva, not
colonial (q.v.); in ascidians, alsocRlle 82 f AGF NB > | f 6K2dZAK waz2ft Adl N
dense aggregations.

%22ARY Y2RdzS 2NJ WAYRAQGARAZ £t Q 2F | oOoNB21 21y

Abbreviations

LTO Lateratthoracic organ (producing the calcareous spicules of didemnid ascidians)

SEM Scanning elctron microscopy



Protists

Although not strictly within the remit of this guide, a small selection of fouling unicellular and
colonial protists is illustrated here, because such forms can be mistaken for animal species or their
propagules; for instancehe colonial form shown a& suggests a diminutive hydroid.

Al 2f2yAlLf OAfA2LIK2Z2NI Yy { K2 §@d&iyapidy)odtradile.i K S
B andC:Unicellular ciliophorans. The tuderming species i€attaches temprarily but can swim
with its tube.

D: Stalked olonial ciliophoranE: The samespeciesafter preservation(also showingmaller,
unicellular, ciliophoransheight of image represents ¢. 3.5mm



Protists continued

F Unicellular folliculinid ciliophorans growing around and owtlaite foraminiferan; each folliculinid
possesses a4{obed, ciliatedstructurethat can beextended from the flasishaped covering<
lorica) for feedingbut allare withdrawnin this photographG: Three folliculinid®n a barnacle shell;
these are preserved in ethanol, but may have been moribund before preservation; attached portion
of lorica c. 0.35 mm.

H: Foraminiferan



Athecate hydroid

A single feedingolyp (hydranth) of an athecate hydroidyverall lengthc. 2.5mm, presumably
recentlyderived from the larvaSpeciesinknown (specimen collected from the wild), but the
capitate oral and aboral tentacles match those of the actinula lanEctdpleura larynyand

annuations on the stenas seen hereyccur in the grown colony d&. larynx

Loxosomatid etoproct

A: Presumedelativelyyoung specimen lacking buds, length c. 0.33 lBnPresumed older
specimen with two unequailsized buds length in foreslrtened view c¢. 0.5mm. Both preserved,
the tentacles in thenearcircular feeding array of each specimappear to be tighty curled up. This
group typically occurs as commensals associated with other marine invertebrates, but these
specimens occurred ongoorly colonized polypropylene settlement panel.



Serpulid tube worms

A: Spirobranchusp., c. 1.7 mm longB: Spirobranchusp., c. 1.8 mm longC Spirobranchusp., c.
5.2 mm longD: Non-ridged tube, presumetiydroidessp., c. 2.9nm long. (Stated lengths are
maximum linear span.)

Spirorbid tube worms

Smooth tubes

Ridged tubes

A: c. 026 mm wide. B: ¢. 0.6 mm wideC. c. 0.5 mm wideD: c. 2.0 mm wide. Provisional
classification of young specimensidae made on anitlockwise (as shown) vs. clockwise coiling; it
may also be possible wassify specimens as ridgad. smoothtubed at a relatively early stags (

cf. G specimens of similamallsize).
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Saddle oysters (Anomiidae)

A: Earlystage B: Later stage, c. 1.3 mm across.

Saddle oysters are permanently attached by a calcified byssal thread passing throwggh a de
rounded notch in the lowevalve. This means that the shell can be made to move slightly by
applying gentle sideways prasg, unlike true oysters in which the lower valve is firmly
cemented to the substrate.

11



Preliminary nots on bryozoans

Bryozoa have a planktonic larval stage that eventually attatthassubstrateandundergaes
metamorphosis inta small, sessile suspeos-feeding animalthe ancestrulaThis is thdirst zooid

60 Y2RdzZ S3 2 dixhérygzean Eoloalrer & getiod of feeding, the ancestrula buds one

or more daughter zooids, which in turn bud, and the asexual budding process snawipatisiuce

a colony of many potentially hundreds of thousandsinterlinked zooids, each typically less than a
millimetre long. The part of the zooid closest to the colony origin is referred to as proximal while the
opposite end, closest to the extremity of the colgris distal. The ancestrula and each of the
subsequent feeding zods (autozooids)&h have a tentacular feeding organ called the lophophore,
which can be extended through a distal orifice which is often delimited by a hinged operculum. In
many speciesdditional, nonfeeding zooid types are specialized for reproduction, colony
attachment, or defending the colony against fouling or grazing, the last being termed avicularia.
Many species incubate their embryos in more or less globular structures caltedigv Colonies

often grow as a thin, typicallgne-zooid;thick, layer of zooidencrusting the substrate, or rise from
the substrate as a branching arborescent structure attached by a narrow basecaldied

species are represented here Bynathiasp., while the remainder included are calcified to a greater
or lesser degree.

The bryozoarCelleporella hyalina

Small colonyc. 094 mm acrossshowing typical singisided budding from the ancestrula and the
subsequenspiraly-buddedpattern of autozooidsn contact withthe ancestrulain which successive
zooids are budded from the same side of the preceding autozooid (here, the right side).

12



The bryozoaiklectra pilosa

A: Early stage in development of ancestruta0.37 mmong B: Later stage with pai pore

chambersbecoming definedc. 0.37 mm longC Later stage with frontal calcification almost

complete c. 0.40 mm long Thetwo triangular valves of the cyphonautes larvaEofpilosa
flattened out,may cover the arly ancestrula, but are not shown here.)

D: Completed ancestrula with lophophore retracted 0.41 mm longs: Ancestrula with two
completedaughter autozooids budded from itstéral pore chambersand a partformed third
autozooid colay ¢.0.69 mm acrosg~: Youwng colony with six completed autozooids and several
more in progressgolony c. 1.3 mm acrosBpm their proximal endshe first two daughter zooids
havejus initiated budding zooidwhich willalsoflank the ancestruldut will face in the opposite
direction to the existing zooids, initiating a second growth axis within the colony.

13



The bryozoarBugula neritina

A: Two developing ancestrulaside viewB: Ancestrula from abovespecimen c. 0.23 mm
across CandD: Later ancestrula with orificeéetractedlophophore and bud of daughter zooids

E Ancestrula with lophophore extendednd incomplete daughter zooids: Same colony 3
dayslater, one daughter zooid feeding.

G:. Cluster of youngolonies resulting from ceettlement of larvae, c. 3 weeks after settlement.

14



Bugulna species

These figureexemplifya suite ofBugulna speciesformerlyreferred toBugula(along with
other species aw tranderred to Crisularig, that differ from Bugulaneritinain having: spines
adjacent to the membranous area of the zoqitteluding the uprightancestrula'® A NIRadH

avicularia;and often, unlikeB. neriting colony branches with more than two rows of zooids.

A: Ancestrula andirst two generations of daughter zooid3: Young colonyc.3.6 mm tall;
Ay & S (i-BeadakidwRri@front and side viewC:Spiy’ S & I y-ReadbakiddRia da
branch with four rows of zooids

D: Small colony from above, showintiachmentstolonsST & KAy Ay 3 g KA fheéad & LISOT a
avicularia; maximum span sfolonsis c. 6.1 mmE:Colony with secondary sttblonies arising
adventitiously from attachmengtolons main colonyc. 5.8 mmtall.

15



The bryozoarricellariamopinata

A: Ancestrulac.0.23mm long.B: Ancestrula (SEME.0.23mm long. C. Ancestrula and first
daughter zooigdc.0.47 mm longD: Colony with first bifurcation (SEM), c. 0.72 mm across.

E:Young colony with first bifurcations, 1.2 mm across; lophophores extendedColony with
further branchesc.2.9mm across G: Attachment plaque at base of colony, with accessory
attachments formed by rhizoids growing down from higher zooids; image area c. 1.4 mm
across.

H: Colony with c. 50 zooids (SEM), maximum exteBt7/mm. I: Zooids of branch of immature
colony(SEM), showing flattened spineh@racteristicallywery variable in shap@&n inner margin of
zooid and bifid spine (only sometimes presestlouter margn, regular cylindrical spines, and
triangular lateral aviculariurfonly sometimes preseijitbranch c. 0.24 mm across.
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The bryozoaWatersipora subatra

AandB:Initial stages completed within first 12 h following settleme@t Stage oftenreached
within 12h of setlement and generally passed by B6D: Stage seen-2 d after settlement

E Stage seen-2 dafter settlement F Completed ancestrula, reached from 3.5 d after settlement;
capable of feedingthe origins of thedaughter zooids are preserta: Young colony with first two
daughter zooids completed. BF, height of image equivalent t®.9mm.

H: Qolony c. 2.9 mm wide, ancestrula and first daughter zooids moritljdatkened) I: Detail of
opercula

17



The bryozoarschizoporella japonica

D: Later colony,with first daughterzooidcomplete and four further zooids initiated. 1.0mm
across

E Later colony with five completed daughter zooids and fringe of developing zooids; lites
mm acrossF. The same colony preserved in ethanol.
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Schizoporella japoniaaontinued

G: Larger colonyon transparent substratec.4.4 mm acrossdark-field illumination The
ancestrula is now enclosed by developing zoditi§.he same colony, incident illumination.

I: Zooids from colony shown @andH.

Other Schizoporellapecies resembl8. japonicaand identification generallyeguires assessment of
well-grown colonies fodetails offeaturessuchas ovicells and frontal avicularia. The rather straight
proximal margin of the orificial sinus often seerinjaponicaand shown irF, is evident irsmall
colonies.
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The bryozoarQyptosula pallasiana

A: Ancestrula and first daughter zooi: Fivezooid colony (with additional developing zooids)
c.1.5mm long

C Colony of c. 35 zooigds.5.0mm across.

20



The bryozan Amatha sp.

A: Part ofa youngcolonyof a creeping species dimathiawith the autozooids in loose groups,
mostly at branches in the stolon system; photographed Bi&nlargement of zooidg he
presence of eight tentacles in the lophopkcuggest®mathiacf. gracilis

C:Part ofa smallcolony preserved in ethanol. Numerous ciliates are also visible as pale spots.
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The barnaclé@ustrominius modestus

A:c. 0.8 mm longB: c. 1.6 mm longC c. 2.2 mm long. Netonly four plates form the outdixed
wall (rather thanthe sixtypical of other specié® I YR G KS Wal ft 6SaS ONRaaQ 2 d:
most clearlydevelopedin the absence of crowd

The barnaclé&/erruca stroemia

A:c.0.75mm across B: ¢. 1.1 mm acrossC. c.1.7mm acrossD:c.2.1mm acros<E: ¢.3.6mm

acrossAn asymmetrical barnaclgvith only two moveable platgsvhich occusin two states of
WK | ¥ R § $pgcinar@@nd Eare oppositen symmetryto B, Cand D.

22



Sessile stages of a crinoid, presumed tcAléedon bifida

PentacrinoidC c.2.5 mm long D: c. 3.4mm longE c. 7.5 mm long.

(A-Dliving,Epreserved.)
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Preliminary mteson ascidians

The exhalant (or atrial) siphasf ascidians is anatomicaliiprsal and the inhalant (or oral)
siphonisanterior. The endostylewhichproducesa mucous feeding nemarks the mid
ventrd line. In early growthlthe endostylds verysubstantal, forming a straight or slightly
curved rodlike shapeaunning most of the length of the body.

The branchial basket (feeding apparatus) of adult susperfseding ascidians is
penetrated by numerous minute openings, teggmata, through which the feeding current
passes; there is extensive variation and elaboration, butuswgalorientation of the

stigmata iswith the long axidongitudinal (anteriosposterior). In early possettlement
growth, water passes througmanyfewer openingswhich aremuch larger relative to the
bodyand havea transverse (dorsalentral) orientation; these are referred to as
protostigmata, and ultimately proliferate and divide into the stigmata.

Inhalant (oral) siphor

Protostigmata
= (R)

Exhalant..
opening (L)

.- Exhalant
opening (R)

*« Endostyle

Gut ***

Stomach®

First feeding stage of a pldebranch ascidian, with two pairs of protostigmata, each pair served
by a separate exhalant opamy. Thsanimal is attached ventrally, with the endostyarallel to
the substrateand more-or-less central/iewedfrom above. Te gut leads into the atrialhamber
above the lefthand protostigmawhilein this view he stomach overlays or is slightly left of the
endostyle.
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In the unitary phlebobranch species included hdpescidiella aspers&hallusia mammillata
and Corella eumyotp the first feeding stagpossesses a pair of protostigmata on each side
of the body each pair overlain by separate atrial (exhalant) amberwith its ownexhalant
opening. Thaut vents via the lefhand atral chamber(see figure a previous page)rhis
early stagdays flatin all three specieand considerablesimilaity existsbetween thethree
versions However,C. eumyotanitially does notlay squarelyon its ventral surfacéut leans
slightly towards the right side, so that from above theleastyle is slightly to the fe

(moving further left as development proce@dsThis means that in the initigour-
protostigmatg stage ofC. eumyotdhe gut crosses the endostyle when viewed from above
(C. eumyotdigures D and EA. aspersdays squarely on its ventral surfaceleans towards
the left side andP. mammillatas mainly attached on its left. ThusAnaspersahe

stomach may overlie the endostyle but the gut (and often the stomach) is to the lef(Af it
aspersdigures D and E)yhile inP. mammillatahe entire gut and stomach argenerally

left of the endostyldP. mammillatefigures C and D)in developmenbf all three species
following the fourprotostigmata stagethe left and right openings move together and fuse
to leave a singlatrial space an@éxhalant opening the exhalant or atriasiphon).Becaus of
their respective postureshe siphonison the left side of the body as seen from abovéin
aspersaand P. mammillataandslightlyto the right inC. eumyota

Many styelidspass through a earlyphase witharrays of parallel protostigmata diverging to
left and right from the dorsaharginof the feeding apparatus. In combination with the
underlyingendostylebisecting this arraywhen viewed from above patternreminiscent of

I 0 A NJ® Qradwcdd? Bhis is paicularly noticeable in the oaid of Botryllus schlosseri
(figures AD),but is also seen, for exampli@,Botrylloides diegensisigure E) and
Asterocarpa huifis (figure H).

The process of division of the protostigmata can include gbagen the perforations of
the branchial basket are-§haped or otherwise curveglvenin species that ultimately have
longitudinallyarranged stighata (e.gCiona intestinalifigure H. Of those included here,
members of the gener&orellaand Molgularetain curved stigmata into adulthood,
arranged into spirals which, Molgula, occupyconical indentations (the infundibda) of the
branchial basket.

Ascidian metamorphosis involvesethesorption of the larval taihto the posterior part of
the trunk, creating a transitory mass of material (principally derived from the notochord)
which can be seen irome of the illustrations here (e.@Ciona intestinalisdark mass in
figures AC and golden spots in figuresFDCorella eumyotdigures BD).

Informative line drawings of early posettlement stage®f several ascidian species are
AyOf dZRSR AY boWd . SNNAffQa wleé {20ASGe @2f dzy
NAGAAK {LISOASAQ ombppnI opn LILIPO D
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The unitary ascidia@iona intestinad

A:Metamorph c. ldayafter settlement B: Metamorph c. Zdaysafter settlement
C:Metamorph c. daysafter settlement.

D: Stage with two pairs of protostigmata and two separate exhalant openm@ss0mm across
viewed from above with inhalant siphon at top:same stage viewed from the sidghowing stalk;
cilia in protostigmataridescent, inhalant siphon to left; body0.59mm acrossF:Same stage,
cluster of five individuals after egettlement of larvae, image d..7 mmacross.

Later stages viewed from left side, showing progressive loss of stalk and elaboration of branchial
baslet. Heights not including stalkg: c. 1.7mm; H: c.2.2mm; I: ¢.4.8mm; J ¢.5.0mm.
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Cima intestinaliscontinued

K:Preservedspecimen showing the intense contraction by this species unless narcotized before
preservation; the cleapouter material is the tunic. This individual is at a development stage
similar to the live individal in figurel.

27



The colonial ascidia@lavelina lepadiformis

C:Oo>id c. 3 days post settlemerid: Oooid c. 8 days post settlemert: Single zooid on
settlement panelc.2.1mmwide.

Presumed polyclinid ascidian

o

The long posabdomens of the zooids in this small colony on a settlement panel suggest it is

very probably a polyclinid; these zooidg &ringflat, but the long zooids would be upright in

the grown colony. The ridged stomach just visible in the zooid second from the right indicates
anAplidiumspecies.
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The colonial ascidiaDidemnum vexillum

A: Hatched larvalength c. 1.6 m, with three adhesive papillae (by which the larva will initially
attach)seen here on the extreme rightvith a set ofvascular ampudle just behind them. i D.
vexillum the larva has six pairs efiscular ampllae, which areather crowded andhot
individuallydiscerniblein this image The remaiimg, more poterior, organs of the larval trunk
form a roundcornered triangle which seems rather characteristi©o¥exillumwith the
rudiments of the oozoid poorly differentiated. Compare with the urchad larva of a different
spiculeproducingdidemnidshown on page31.

B: Very early possettlementstagesurrounded by clear tunjdwo small,orange, oval laterathoracic
organs (LTOgjed arrows)lank the developing branchial basket of thezoid. C Early oozoigdc. 0.8
mm acrossthe two LTOs araow white and producing calcareous spicules that are spreading into the
tunic. D: Lateroozoid spicules numerousn B-Dthe gut and stomach appear orandeis very doubtful
whetherD. vexilluncan be distinguished from othepiculeproducingdidemnid species at #hoooid
stage (see pagél).

E:Young colony of c. 10 zooids; contracted, with only c. 5 zooids having their inhalant orifices
partially open(showing a triradiate pattem
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Didemnum vexilluncontinued

F. Small didemnid colongf c.100zooidson settlement panel at site known to hoBt vexillum

The dark (relatively spicufeee) water channels between zooids and the separation of zooids

into small clumpsncomoratingwhite dots (dense spicules where the zooidal orifices are tightly
closed in this specimen out of water) suggest D ivexillum

G: A 40 mmwide preserved/oungcolony ofD. vexillumidentifiable from thewater channels
sepaating clusters of whitalotted zooids as noted for themuch smallespecimen i
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Spiculeproducing didemnids other thaD. vexillum

A:Unhatched larva clearly not belonging@ademnum vexillunirhis larvawith the tail still
wrapped aroundhe body, has three adhesive papillae, seen here on the extreme right, and
four pairs of darker, rounded vascular ampullae just behind tHenvexillum(page 29 figure
A) also has three adhesive papillae but six pairs of vascular ampullae (as do e#nizus
didemnid species). The rudiments of the 00zoid are also much clearer in this speciesttigan in
larva ofD. vexillumwith the branchial basket, siphand endostyleclearly discernible just
below the black sense organs.

B-Ebeloware from sites WwereD. vexillunms not recorded

B: Oazoid (adjacent to largecolony, as shown irD), c.0.9mm acrossa few spicules entering tunic
from white LTOgbranchial basket bluisiC:slightly later stage with spicules spread further1.2 mm
aaoss D: Laterthree- or four-zooidstage,c. 2.0mm across

E

E:Colony of c. 20 zooidenagec. 7.5mm acrossfaint circles mark closed zooidal orifices.
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