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. lntra -specifically.

ABSTRACT

Ham/noea is a genus of shelled oplsthobranch molluscs that is

: common in muddy bayth\orldWlde In this theSls I o‘escnbe aney

. specres of Haminoea, H. callidegenita, based on dlagnostlc features

selected through an analysis of rnorphologlcal chara’cters in the genus.

. In addit'ionr'l describe ard compare the evelopments ofu H.

ca///degemta and the sympatric spécne H. vesicula..
¢ Taxonom\?haracters in 6]

therefore’ m&t specaes are poorly

Iinoea have not been well deflned

"nown Morphologlcal feature_s are
corﬂpared both lntra and mter-specsflcally in three specnes of . - 4
Hamlnoea from the Pacuflc Northwest H callldegenita n.sp., H ’
veslcula Gould 1855 ‘and H. wrescens Sowerby1833 Morphologlcal
descnptlons in the: Ilterature were also compared in attempts to

define dlagnostlc characters that are unlversal in the genus.

—-Struetures-suggested as dlagnostrc are: external pigmentation, shape X
: of the cephahc shield, Hancock's organ ‘the penl‘al complex, and glzzard

g plate paplllae Hlstoncally cited characters such as the shell and,

radular morphologies, are of limited value as they may vary

Ham/noea callldegen/ta n. sp: is found in Washlngton State '

U SA. They are reddish-brown wrth a deeply bifurcate cephallc shleld’
. Addltlonal dlagnostlc features are: tubular Hancock's organ unllobular

-prostate, and the presence of pomted paplllae on the medlal ridges of

the glzzard plates”. . g -

The development of Hamrnoea callldegenrta IS unusual in that

: both lecrthotrophrc vellgers and juve\tlles hatch srmultaneously from
~ the same egg mass. The egg mass. jelly Is suggested as being

| influential in determinlng the veliger : juvenile ratio at hatchind

¥ . v N



' thro“u‘gh promotion'ot intra-"ular.me‘tamorohosis.. |
| ¥ H ves:cula produces planktotrophic vehgers with a lengthy
| pelaglc penod H. vesicula has a much greater fecund‘ ty than‘does H
calhdegen/ta and H. callldegemta eggs contain more crgamc carbq_n
The annual life- cycles are compared between these two spemes

" This thesis makes two contributions to. the bsology of

Hammoea ‘The first i isa general revue moea taxonomy and

[

the definition of some diagnostic features'. The sqcond is the

description and comparison of development aod lifeNsycles of two
| ,sympatnc specues of Hamlnoea One contnbutlon re ntto ) .,
opasthobranchs in general is the potentnal role of the-eg ' ss~je|l’y,io

-"_ ‘determining the developmental stage at hatching.

~
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- species are still known onTy by the type descnptnons Attempts 'have

o : 'CHAPTER1 |
oot GENERAL INTRODUCTION _
The genus Hamlnoea (Oplsthobranchla Cephalaspdé’é)
charactenzed by an oblong body of which approxlmately 2/3 is
» covered by a fragule shell, an elongate cephalrc shreld postenor to the
head, and 3 palllal lobes (2 lateral, 1 postenor) partlally c0verlng the _'
shell (Adams 1855; Rudman, 1971a) ThlS group of oplsthobranchs
typrcally lnhablts the intertidal zones of muddy bays and lagoons
B often in assocnatlon with eelgrass beds. Atleastone specnes has
been descnbed from rocky . mtertldal areas (Morris et al;, 1980), and a
fe\lv species are fountf subtidally on coral reefs (Heller and Thompson,
19583 Although feeding processes are not well understood in this f

genus some specues are belleved to graze ep)bhytes a trait which is

= .pro%ably widespread, if not universal . throughout thegenuus (Rudman, ®

1971b). S o

Smce Leach's (1 847) desngnatlon of the type for the genus ;
\

approxlmately 121 species of Haminoea have been descnbed

_vvorldwnde.- As with most.taxonomic malacology of the 19 t_h century!

the majority. of Haminoea species were described on the basis of

shell characterrstlcs only (Reeve, 1868 Pllsbry, 1893, 1917). Many

Been made to subdwlde the genus based on shell charactenstlcs
(Pllsbry\1917 Habe, 1952). |

<

Recently, descrlptlons have been made on the morphology of the -

solt tlssues of a few Hamlnoea specnes (Rudman 1971 aand b;
Thompson and Brown, 1976) However descrlpt’ ns are not avallable
- for a sufﬂcnent vanety of speties to |ndlcate if these data wrll

o , ,
Y ' . e e
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sup/ort the subdivision of the genus as proposed on the basis of shell

characterrstlcs Also, the possrbrllty of intra- and mterpopulatron |

' B vanabrlrty in characters considered dragnostrc has not been examined.

Although Ham/noea species are wrdesBread and often locally
abundant their brology is not well understood Perhaps the most
widely examined component has been embryology, of which
comprehensrve observatlons have been made of 3 specres (Berrill,
1931; Usuk| 1966; Harrlgon and Alkon 1984) and egg mass
descrrptlons made of another 4 specnes (Leonard 191 8 Richards,:
1921, ?923 Ostergaard, 1950 Davis, 1967 Hurst 1967)

A The pu?pose of this study is to examine taxonomlc problems
within the genus Haminoea and to describe a new species, H.
7‘ callideg'en/'ta Also' H ‘callidegenita -'development will be described
and compared wrth that of H. vesrcula Gould |
‘A pruIatlon of Ham/noea was identified in Spencer's Splt
’ Ldpez lsland Washlngton by the late Professor R. L- Fernald of the .
‘ Unrversrty of Washlngton Individuals from this populatlon had a
drfferent pattern of development from that observed i m mdrvrduals -
known to be H. vesrcu/a a sympatnc and morphologlcally S|mllar |
specres Closer exammatlon revealed that not@nly was the Spencer s
Sprt populatlon a dlstmct specres but that Hamlnoea taxonomy was .
Jina state of disarray. - 0 o
In Chapter 2, | evaluate Ham/noea taxonomy, through an
| exammatlon of characteristics consrdered important as dragnostlc
“features in the genus. Specres descrlptlons and subsequent specres
' reports in the hterature)were reviewed and compared with my
. obsérvations 6n°3 species of Haminoea found along the Pacific

»

<
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Northeast coast (H. vesrcula Gould H, wrescens\ BQWerby. and H.

" callldegen/ta n.sp.). Features hlstorlcally consndered dtagnostlc are '
| re-examined both inter-.and nntraspecrflcally, and new |
- characteristics are suggested. '
| ~ In Chapter 3, l use the dlagnosttc features exammed in Chapter’ :
2to describe a new specues of Hamlnoea named Hamlnopa .
callrdegen/ta -from Spencer's Splt Lopez lsland, Washmgton ‘
| In Chapter 4, the development of H. callrdegenlta n.sp.,is
described. In this specnes the pattern of development i§
‘characteristic of other oplsthobranchq (Thompson 1958, 1967: Rao, )
1961 Smith, 1967 Chla 1971; Brldges 1975 Switzer- Qunlap and
" Hadfiéld, 1977; Chia and Koss, 1978: Clark, et al, 1979), with the '
exception of the defvelopmental stage at hatohmg From each H.
. ca///degen/{a egg mass some |nd|V|duals hatch as pelagic larvae
whereas others metamorphose within the ernbryonlc capsule and
- hatch as Juvenlles Although temporal and spatlal varrablhty in
patterns of larval devel”opment are not uncommon among N
'oplsthobranchs (Mllelkovsky, 1971 Clark et af. , 1.979“7;‘)/9)3? 1979;
' West, et al. _1984) thls is the flrst report of aspectes havmg 2
developmental stages hatching smultaneously from the same egg
- mass. The effects of 3 factors (temperature oxygen, and egg mass
jelly) were consndered as potentnally mfluencmg the hatchlng stages -
'- are exammed and discussed. : S
| | In Chapter 5, | continue to examtne Ham/noea development wuth
a hrlef descnptlve account of development in the planktotrophrc
) specues H. vesicula Gould a species common- m both the San Juan

Islands, Washington, and the Barkley Sound, British Columbia.
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In Chapter G.J_campare the developmental patterns in 2 specres .
of Haminoea : H. ca///degemta (lecrthotrophrc) and H. vesrcula
'(planktotrophrc) These 2 species co- exrst in the same habrtat and ]
are morphologrcally and, it appears ecologrcally srmllar Relatrve _
AfeCUndrty, energenc contént of the. eggs populatrén size structure 4
_and length of the reproductrve season are compared. a

Concluding remarks of the jhesns;as a whole are given in

¢
- BN

. Chépter? . - ’ o |
.1 his thesis was wntten ina format surtable for publrcatron as

'separate reports, as thermbst efficient presentatuon of data on

related yet dlscrete Ilnes of thought

$
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0 D - CHAPTER2
.A TAXONOMIC REVIEW OF THE GENUS HAMINOEA LEACH
(OPISTHOBRANCHIA CEPHALASPIDEA HAMINOEIDAE)
. INTRODUCTION : ) ' ! '
- Ham/noea is a genu¥ of shelled opisthobranch molluscs wnth a
worldwide dlstnbutlon which are generally found intertiddlly in
muddy lagoons and bays Since the genus was introduced by Leach (in
Gray, 1847),\approxumately 12.’ spemes have been descnbed Most |
"type designations were based solely on shell descnptlons and fer
. many Haminoea spemes, are currently the only descriptions
available. This profusion of poorlyf knowh species has created much
confusion in the sy.stetnatic,s of the genus. /. '
A populatidn of Haminoea wag discovered in %pe‘ncer's Splt -

Lopez lsland'Washington by the late Professor R. L. Fernald and some

' | of his graduate Students. These Hamlnoea were consndered unusual’

,'because théy dlffered developmentally from mdnwduals of the : 3 g
superflcually smlar sympatrlc specues H. vesicila Gould 1855. A
study was undertaken to determme if the Spencers Splt populatlon
"~ was H. vesicula by comparmgthe morphologles of ammals fromthe
| Spencer's Sp_it popu’letlon with indiyiduals known to be H. vesicula .
Not only wa¥ theSbencﬁer’s Spit population distinct “igom H. yes?’cu/a, ]
but a review of the literature indicated that it was én.undescnbed -
species. . | " |

In |dent1fylng and deanblng the Spencers Splt populatlon I
“realized that rev:sxon is necessary in the genus Hammoea Not only
are the maJonty of type descriptions based only on shells but many
of the charaﬁé?j used appear to be unrehable' \"

In this chapter, diagnostic characters are mtroduced,' including

5'69 - 8
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- a ,-c"'omparison of the' descriptiOns available in the literature withm.)ﬁ

observations on 3 species of Haminoea found in the Pacific Northeast
(H. vesrcu/a Gould 1855 H. virescens Sowerby 1833,and H. .

ca///degemta n. sp. ) in an attempt to |solate reliable chéractenstrcs

_ that gre dnagnostuc at the speoles level. In Chapter 3, these

diagnostic coha.racters are used in a duesc":ription of a néw, species,

Hamrnoea cal//degen/ta features of which are included in the present

chapter for comparatrve purposes

MATERIALS AND METHODS: . w

All of the known-Hamineea specnes were reviewed through an

examunatlon of the hterature A morphologtcal comparison was made -
between specrmens of Haminoea vesicula, H.virescens, and

| H.callidegenita . Both fresh (7% MgCil anaegthetized) and fixed (10 %

phdsphatebuffered formalin) specimens of H. vesicula and H.

cal/idegen/ta and fixed specimeris only (10 % formalin with -

: hexamene) in the case of H. virescens were used unless othenmse .
indicated. H. vesicula was collected from Grappler.and Bamfield |
Inlets, Bamfield, British Colur]bia, and from False and Fisherman's -

Bays in the San Juan lIslands, Washing\ton'. H. callidegénita , was
collected from Spencer's Spit Lopez Island, and from Rock Point
Samish Bay, Washrngton Specimens of H virescens: ‘were borrowed
-from the%anta Barbara Museum of Natural Hrstory, Santa Barbara
California  (wet specimens; No 83212, collected from Goleta Coal
oil Point, California), and from the San Diego Socnety of Natural '
History, San Dtego California (shells No. 29020, collected from

Laguna Beach Cahfornna No. 29021 from San Pedro Cahforma No.

2667 from Ocean Beach, Cahfornra and, No 18880 from San Diego,

Cahforma) Shelis of H. solrtarra Say 1822, an Atlantrc species

],:
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inc;luded for comparative ‘purposes:.were borrowed from the Gray ’
Muéeum (No. 10001 and 10004), Marine’ Biology Laboratory, Woods
pre-. Magsachusetts. | |

Sketches and measurements of morphological features | )
(including Hancock's organ, the penis c‘:omplex,‘gizzard plates, and
shells) were made with a camera |ycida., Each structure was
eXam'ned in-a mngmum of 10 Specumens for each population

\ examlned Radulae from specCimens fixed in 10 % formalin were
prepareq for examination by SGanning ele_ctror: microscopy by
reMOVing the investing tissue layers with 6 % sodium hypochlorite, ’\\

folloWed by rinsing with distilled water, and air-drying onto stubs.

.

t N

Gizzard plates were dissected from fresh specimens, rinsed in \
seaWater followed by 15 s sonication, and then immediately fixed in
*25% glutaraldehyde i in seawater, followed by 2 % osmium tetraoxide
_in Millonig's phosphate buffer. The gizzard plates of H. virescens had
been Drevnously fixed in formalin, then secondarily fixed in 2 % "
osmium tetraoxide (2 h). Further processing of gizzard plates from | |
all 3 Spegies consisted of dehydration to 70 % ethano, re- soﬂhlcatlokn
- (159), then dehydrataon to amyl acetate, andg:mcal point drying.

G|zzard plates and radulae were examined with a stereoscan 100 at

the University of Alberta, - )
Shell Iength and wndth were measured wnth a camera lucida in
30 Spec‘h\ens for each of 4 Haminoea species ﬁ;v’ callldegen/ta H
L . vesicula; H virescens, and H. soI/tani Measurementéwere taken at*
the POints of maximum length and width of each shell |
RESULTg : "; A _ ‘
IGNATION, AN NT IPTIONS OF T N

- ) The genus Haminoea was intr_dduced by LeéCh irrhis

o T ‘ —
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" Classification of the British Mollusca * (in Gray, 1847). This
manuscript was written in 1818, but not published until 1847 w(hen
"ﬁﬁr [each S death Gray brought it into the literature. The delay in
publication has produced some tonfusion, because in the jnterim
Turton and Kingston (1 830) 'referenced 2 gpecies in the genus with
the result that they have been considered as the original authorities
“ by many authors (Abbott, 1954, Maclf;herson and Gabriel, 1962; Marcus
and Marcus,"1967; Humfrey, 1975). Turton and Kingston (1830) d'id
not describe'the Qen s, nor did they refer to Leach's unpublished
manuscript, or to ary[other preQ/ious references concerning the genus.:
They did, however, redescribe H. navicula DaCosta 1778 and H.
hydatis Linneus 1758 from their original placement in the genus
Bulla Klein. Leach (1847) included 4 species in Haminoea , but he did
not describe or illustrate these species. The first eescription of the
genus was provided by Adams (1855, p.557), based on Leach's (1847)
designated type (H. hydatis Linneus 1758) and is as fono_ws ;

-

Body oblgng: Head broad, depressed, elongated, posteriorly
bilobed; eyes sessile on the middle of the head.:Mantle with the right
or external part greatly dilated, thickened, truncated and extendmg
beyond the shell. Foot short, subquadrate with two large sw:mmmg
lobes, which nearly cover the shell..

Shell convolute, thin, horny, transversely grooved, destitute of
columella or spire. ) d

_ Pilsbry (1 893) extended thns descnptaon of the genus to mclude
more detailed mformatlon regardmg the specifics of shell
morphology, and some mformatnon on the external characteristics of
~ the animal, gizzard plates, and radulae within the genuquaminoea .
He also reviewed the 43 species known at that time, and included

shell'descriptions, illustrations, and references. Since the genus was

Ed
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‘frrst brought mto the Irterature approxnmately 121 specres (Table 1)
have been descrubed worldwude with at Least 24 vanetres (some
'consudered as subspemes by subsequent authors) and an addrtrona|
half dozen vanatrons (eg. angustata -and angusta A. Adams 1850

' »:r0tundafa and rotunda Adams 1850 and pemph/s and pemph/x "

t

o fvPhrllppr 1847) whuch are the cause of some confusaon in the

- ‘hterature Of these 121 specres 24 have been referred to as |

| 'synonoms of a prevrously described Specres although some
}dlscrepancres exist in descnptrons and arguments of the. authors
(Table 2). T
| ' Prlsbfy consrdered the only useful subdrvrsron of the genus to
be a geographrcal one although he did state that in the shell, "the '
- drfferent modes of msertrorrof the oufe‘?’hp at the vertex offers a |
’ good character“ (Prlsbry 1893, P. 352) in 1920 Prlsbry divided the

, genus into 3 groups based on struoture ofrthe columel!a Prlsbry s

- (1920) desonptlons of these 3 groups were as follows : sectron

- Haloa wrth a deeply conpaxge columella and a crescentnc reflected . |
‘ ‘margln separated fro the body whor! by a furrow, type H. crocata :

: Pease; "subgenus" Lrloa witha cylerncal shell and an umblhcate ,' ‘
" shghtly concave columella that is little reflected, type H. tomacu/um -
Prlsbry and sectlon Hamrnoea proper, cofumella concave and- '
broadly reflected,. thin.at the edge appressed to whotl, type H. hydat/s
| An attempt has been made to subdivide the genus by promotrng'
: Pnlsbrys subgenera to genera (Habe, 1952 Hamatam 1961; Kuroda
and Habe, 1961; Burn, 1966; Usuki, 1966; retarned as subgenera by
.lech 1959) Although the charaotenstlcs of the columella are useful
| taxonomrcally. t do not think they are sufflcnentfy encompassing to
B ‘}warrant leISIOﬂ of Hamrnoea rnto several genera Atthis trme,, .

= there is not enough known at the species level, let alone of the ent_rre ,
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" genus, to |ndlcate other morphologlcal featutes that may support thls
lelSIOn The columella appears to be well defined in the specues

~ examined by Pilsbry (1920 ) when desngnatmg these " sections "

lgowever in many SpeCIeS this i8 not the case Inthe majonty of

-_Ham/noea specues the only taxonomtcally mformatlve reference(s)
are restricted to shell -descriptions. In many of these descnptlons
information on the columelia was either mcomplete, the columella.
was not distinctive (Table 3), or it was variable intraspecifically
Fgt, S,
. Designation of the'se species into‘new’genera would dépe,a&)n
are-exar natc  of the shells, but type locales were often not ‘
specified in theoider Iit‘erature: lntraepecific Variation necessitates
that a Iarge number of individuals be examined, and as the rgajority of
| Hamlnoea specues and their dustnbuttons are poorly known thlS task
would be extremely dlfﬁoult if not mpossnble Also, it appears that
- whlle shell charact\rs are valuable taxonomlcally, morphologtcal
exammatton of the entlre animal is more reliable and indeed

necessary in charactenznng a species. Most species{80 %) are known

B by the shell only Descnpttons of the other species are brief and only

a dozen contain useful morphologlcal detail (Table 4).“Many type - .
descrtgtnons are based on one oroa few shells only: leen the overlap
in characteristics and potential intraspecific: varlatton it-is probable
that as data are accumulated, many of these species will be shown to
be s’?ﬁonYms As the'a\}ailable dataare largely inc’o'mplete | suggest
that the genus Hammoea remann intact until the morpholognes of
'several different specnes are more thoroughly understood |

Hsstoncally, the majority of type descriptions did not mclude ” ’fi o

.72:

mformatson on tbe ammal as the matenal was probably not avatlable
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In those types where the animal was examined, excluding thdse of
recent years, descrnptnons were brief and were maunty concerned

with externat features Recent descrlptlons (Marcus and Burch 1965

_Heller and Thompsen, 1983) and re- &(amnnatlons of established -

species (Mareus 1957; MacNae, 1962; Marcus and Marcus, 1967

_ .Rudman 1971 aandb: Kay, 1979; Appendnx 1) contained a greater

| variety of lnformatnon,xbut the problem remained of definition of the

relevent Characteristics Unfdrtunately,' there are 'still'

approximately 86 specues that are known soleI)) by shell descnpt:ons

and only adozen specnes for Whtch extensrve whole anlmal

 descriptions have been made, in some cases through the works-of .

| severa| authors. Although the type specimens of those species known

only by<he shell were, for the most part, descnbed by excellent . #

**conchologists, there are problems inherent with this approach,

‘because the shells of all Haminoea specnes are similar (see Reeve .

1868) The most frequéntly used charactenstucs are summanzed |

below lnCludmg the problems -and mconsmtencnes which | have

- noticed whlle readung the type descrlptnons or. examlmng shells
“A. Shell Shape ' , B

Haminoea shells fall inte 3 shapes (Table 3), each o?whtch

has become assocrated wnth one of Pilsbry's (1920) subgenera ;

| globose (Hamlnoea proper) 0vate (Haloa) and cylindrical (Liloa).

- ' Another featyre ns-truncahon d¥ the shell either anterlorly or more

frequently postenorty A major problem assootated with using sheil

~.shape asja prlmary charactenstlc is that morphometric change_s can

be associated with growth and environmental conditions. Suchf

- morphometric'variability is important when one considers that many“ '

of the original t_ype' descriptions were based frequ_ently.on one, or at
best a few shells: Shell mOrpholo_gy among th'e Mollusca (Zlark,
. . . . : ) ) . s ’\\ .
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1978) especrally in the Mesogastropoda (Kemp and Bertness 11984)

.and the Pulmonata ( Clark 1973) is lnfamous for its high degree of

variablility with growth and envrronmental influences (Gould 1966)
Although there are no published aceounts of variable she’ll morphology
in the Oplsthobranchla my observations on 3 west coast specnes of
Hag'uno»e_a’ (H. ca.lgdegen/ta , H. vesicula ., and H. vrrescerr_s ) rndlcated
that-there was intraspecific morphologi‘cal yariab_ility (Fig. 1). Given

the interspecific similarity‘typical.of Haminoea species (Reeve;

: 1868' and others), such intraspecifig variability must be addressed in

) futur‘e taxonomic studies.

Haminoea shells are all very- pale but many species have a

Shell shape varrablhty was also apparent inan examlnatlon of
the length:width ratio in shells ofa range of sizes for 4 specres of
Hamlnoea (Fig. 2; H cal/:degenrta H vesicula, H. wrescens and H.
solitaria). There was sufficient lntraspecrfrc varratlon w:thm shells
of both similar and dlfferent size gro ps'to mducate that this |
characteristic needs a detarleSexa* nation for a vanety of specres .
before shell shape can be used confrdently as a major systematrc N
feature. - o -

B. Shellﬁolour

Calour is another commonly crted taxonomic character

-

ﬂ charactenstlc tint that appears‘to be reliable in-some specres (as

long as the shell descnbed was not sunbleached, as was frequently

the case in descrrptrons made from specrmens that were found

washed rp/ n a beach). ‘Whether these tints are envnronmentally or
genetrcally determrned has not been examrned Specimens from |
certain wrdespreaq speCles collected from a vanety of locales have
been descrrbed as.being the same colour (eg H: nawcu[a DaCosta
1778, with a yellowish shell whether collected from England, Spain,

)
-
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,, ,or the Medrterranean Sea, /n Pnlsbry, 1895 or H. ant/IIarum dOrblgny :
‘1844 WhICh was alwaysdescrrbed as berng greenrsh-yellow
'regardless of collection site in the. Gulf of Mexico, in Humfrey, 1975
or the West lndles in Abbott, 1954). However, H. elegans Gray 1825 |
- a common gpecies along the West Atlantrc coast from Flonda to |
Texas and throughout the West lndlés.a seems to be hlgh‘ly variable. N
| \Humfrey‘(1'975) recorded sl‘;s’e"lls that were greenish-yellotrv brown,
.and white, and-Marcus (1957) reported varlatlons:angmg through
whlte _ivory, yellow, and brown, to reddlsh and greenish grey
. Although colour intensity may be sllghtl-y'_varrable, l have not -
" observed interpop'ulation differences in H. call;'degenita (shells .
reddish-white, collected from Spencer's Spit and Rock Point,
Washrngton) or rn H. vesicula (shells pale yellowish-green, collected
from Bamfleld d Gra-ppller Inlets, Brrtrsh Columbia, and from False |
Bay and Flsheunan s Bay, Washmgton) Ham/noea shells are typ_lcally [
‘4 llghtly pigmented, do not show pigment patterns and there i#
_consnderable overlap in colour between specnes
C. Shell Verte{x o
The shape of the shell vertex is also a commonly cited |
character In the lrterature shell descrrptlons ranged from havmg a *
vertex that is fIattened/3 mpressed or perforate Unfortunately, _ '(
V'perfo /atlon has been varlously interpretated by dlfferent authors )
.often dependent on the-location of the point of insertion of the outer '
lip of the aperture. Pilsbry (1893) thought the mode of msertron‘of .
~ the outer lip might'provi'de a good systematic character (p. 352). In
his monograph Prlsbry (1893) included excellent descrlptrons of a
number of specres thatgnd cated that this might be the.case (eg, . \\
elegans Gray 1825, H. glabra Adams 1850, H. petitii. dOrbrgny 1842

~ and H. zeland/ae Gray 1843 all show acharacterrstlc morpholgy

b
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that readily dlstlngwshes them from other species; Table 3). The
dragno‘rc |mportance.of the ponnt of insertion of the apertural ||p :

has been supported by the descrnptlons of other authors, mcludlng
| Baker-and Hanna's (1927) descriptidn of H angelensrs Marcus and
Burch's (1965) descnptlon of H. musetta , and Abbott's (1954) key to _
the west Atlantlc spemes My observations on the 3 Hamrnoea @,

: specues found in the Pacific Northwest indicated that the point of

| ‘ _ insertion seemed to be consistent withinsa species, and was
 distinctive between them (Fig. 3). Pilsbry (1917, 1820) dropped this.
character. from his later exammatnon of the genus Although mcluded
. by some authors (Marcus, -T961; Marcus and Marcus, 1967)‘) the )
apertural Ilp was not commonly descnbed in useful detail.« The extent -
of the callous associated with the shell in the region of the vertex,
may be mlsleadung as, although callous thickness usually is

| cohsustent throughout a species, the extent of the callous over the-
body whorl is varlable among rndrvrduals Marcus and Marcus (1967 p

i 21) observed that "the extension of a callous and the insertion of the
outer llp of the aperture to the rlght or to the Ieft.of the apex may
depend on s%condary calcification" and concIuEled that the . |
charactenstlc was unreliable. |
. D. Columella and Callous: - -

CIn the literature, descrlptrons of the columella indicated

interspecrflc and where exa»ml_ned, mtraspecnflc variations in the

“degree Of‘CUrvatur‘e and reflection of the callous (Table 3) My-
| observ‘atlons on a range of sizes of"shells of H. callide‘genita H.
" vesicula , and H. virescens rndlcated that a varlety of curvatures

were possible within one specres (Fig: 1) The varrabrluty observed

|n columella'shape seemed broad enough to: encompass curvatures

considered species-specific by other authors Reeve, 1868; Kob_e_lt,t

~

v S
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-1896 Pllsbry, 1893, 1917). Prlsbry (1920) subdlvrder\Hamrnoea into
-3 sectrons based on the curvatyre, reflectlon and sculpturrng of the
columella in 9 species. Althoug% the columella Of these 9 specnes
- does Iend itself to Pilsbry/'s division, an examlnatlon of shells of |
other spegies revgaled so much overlap that it is dlffucult to group Q
: many of them into hlssectlons (Table3). .. . - o
_If the shape of the columella is accepted as the dlagnosttc ‘
7c cﬁaracter used to rdentrfy a specumen {0 genus ‘some Ham/noea

specses would have to be moved to other, long- establlshed genera.

.+ For example H virescens have strongly truncated shells in which the

‘columella resembles that of Philine-. However, morphologlcal

k_daffefences of the anlmals,make it dlffrc%lt to accept so close a
‘phylogeny (Rudman, 1971a; this pa,per).'_ Reeve (1868) Has noted, that

- shell shape (from his illustrations, lt appears thaﬂt the columella was ‘

. often the most strongly expres‘sed feature) in H. sinensis Adams

1850 (naw H.éxarata Philippi 1849, in Pilsbry, 1893) "so much
resembles thgihells of Ph:llne that it is only placed in thig genus on
the authonty of Mr. Adams, belleved to be based on a knowledge of the .-
animal " Fleeve (1868) also noted a strong resemblance between the
shells of H. ambigua Adams (now H.rthuri nom n Finlay 1927 in

| Finlay 1927) and those of Alys species. Reflection of the callous
appears variable rntraspemfrcally as well. Given the rntraspecrflc '
.variation,and the similarity between species, it seems thatthe . _
columelia should not support the subdi.vislc‘)n\ of the.genus, as has.been
suggested by Pilshry (1920), and accepted by other authors (either as

“ s'ubgenera in Zilch, 1959, or as genera, in Habe, 1‘9'52' Hamatani,

1961; Kuroda and Habe, 1961; Burn, 1966; Usuki, 1966).

Two other features of the' columella were often recorded the

presence of folds or twuét usually occurnng anterlorly (eg. H.

S

X
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Jangustata Adams 1(350 H grisea Smrth 1875 H. peruviana dOrblgny

1837; all in Prlsbry, 1893) or an umbrhcate chmk ( H olopana’
J Erlsbry 1920, in Pilsbry, 1920, H. pernerl Morlet1889 in Morlet,
-1889, and H. pet/th\ d' Orbigny 1842, in- Prlsbry, 1893 ; and Table
- 3, this chapter). Nerther H. oallldegemta H. vesrcula nor H.
virescens had umbilicate shells H: callrdegemta and H. vesrcu/a
showed charactenstrc folds in the columeliar callous (Fig. 3), the '
extent and depth of whrch berng variable. wrth curvature and
projection of the body whorl

>

E. Surfaoe Sculpturrng ' ‘ ‘

| ~Two forms of shell sculpturing were vrsrble in the majonty of
specres growth lines and spiral striae.. The former are generally

- vrsrble and are interesting in that they have beerueported to show
interspecific variation in the extent to whrch they are<def|ned ‘
Whether envrronmental condrtrons influence deflnrtron has not been -
examlned Charactenstlcs of the sprral striae are more useful b
becé‘ﬁee more vanatron occurs among species, and they are probably

less subject to envrronmental influences than are growth lines, ,t'(;,»,
DA

. Spacung regutanty and strarghtnes‘s of the- strrae are all commoﬁry

‘. - cited as taxonomnccharaoters (Table 3) and are. probably useful for
the majonty of species 'l snmé cases; species are recorded as fot .
having stnae, or rep-ri. e beraeen authors. Stnae in these |

- specnes are probab.. t-=ge’ but ire so frnely carved‘that
observation require: tne use of magnrfrcatron Also,-striae may be ¢
Iost or rendered mconsw HOw oy foss of the periostracum as shells
are wasbhed about by the tide. Although the striae are useful and
seem to remarn consustentthhoughout a species, records vary with-
techmque of observatron and condmon of the specmen when

collected and reports of many specnes mdlcate srmnlar if not o
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. ldentloal conhguratuons (Table 3 F‘or many species there is only one

-

shetls. Shells of all the specues in this genus are very similar and

descnptnon thorough epwgh to mclude detauls of the striae, or in

some cases two contradictory descnptlons. Within these Ilmltatnons,
striae appear to be a useful characteristic. |

The majority of Haminoea species were first described, an'd.
still gre known, by shell charactenstlcs only. The original types

were described in great detanl but were often based ononeor a. few\

descnptuons based on shell charactenstlcs are not rehable

Nonetheless, sheH morphology can be useful when compar‘mg a Ilmlted '

number of spemes as in the case of sympatnc spemes There appears

- tobe no smgle shell gharacter, or combms,tlon of a few characters,

" examined, these structures seem cohsistent intraspecifically, and

that is sufﬂCIently encompassing and consistent to provide a

universal basis for species description:

ANIMAL MORPHOLOGY:

Although. the shell was valuable historically, aspects of animal- .

~ morphology are more useful taxonomically. The most cornmonly

decribed characteristics ere details of Hancock's organ and the
. .

morphology & o 4 - N ;

of the penis. complex (Table 4). In species where they have been

v -
-

provide sufficient’ mterspecmc variation to offer dlagnostlc
features. Other charactenstncs such as number of uncini in the

radula and the number of rldges on the gl7§zard plates, are useful but

’are not diagnostic on theur own as they vary wuth the size of the-

specimen.

A, External MorphOIogy-

Al

A 1. Pngmentataon and Cephahc Lobes

External features (Table 4), such as colour and the distribution -

)



~A. 2. Hancock's Organ :
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of plgment spots are valuable i m ||ve ma(enal but the details are lost
with fixation. Rudman (197ﬁb noted that gpecies inhabiting |
temperdte waters are uswally brown and grey in colour (eg. H.
antillarum d'Orbigny 1841, and H. ze[andiaé_ Gray 1843; in Rudman,
1971b; a'nd‘, suoponeq by rny observations of H. callidegenita and H.
vesikcula). On the ojher hand; tropical spe‘éies are typically much '
more co_lourfu'l. as, for lexample, H. cymbalum Quoy and JGaimard 1835
which are lime green with orange and purple (Rudman, 1971 b) and H.
.c'yanomarginata Heller and Thompson 1983, which are greénwith - —
yellow and blue (Heller and Thompson,1983). Bifurcation of the. ~
cephalic shield and exfension of the epipodial and posterior pallial
Iobes over the shell are also gharact‘eristijc, but again, examination o?
live material is necessary as Haminoea are capable of alnwost_
complete retraction into the shell.
— Hancock's organs are 2 elongate organs located on ejther srde

of the head and are beheved to be sensory in function (Rudman i

] ,1971a). H. calllyegen/ta, H. vesicula, and H. wrescens all showed

. characterrstrc in number arrangement (re number otdorsal vSs.

characteristic- morphologies of Hancock's'organ _(Fig? 3) without
intraspecific variability within or among populations. An |
examination of the literature‘revealed two basic forms: an elon'gate
tubutar organ (asin H. callldegenlta H. cymbalum Quoy and Galmard
1833, H. ze/andtae Gray 1843) and an elongate organ that i |s

lamellated dorsally and ventrally (H. vesicula, H. wrescens»H

antillarum d'Orbigny 1841, H elegans Gray 1825, and others, Table

1.4). If Iarnellated Han/cocks organ contarns lamellae that are

ventral parrs) and shape (some species, such as H. I/nda Marcus and

Burch 1965, have Iamellae that are prnnate) If tubular; Hancock's

. | J
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Jrgan can be interspecitically variable in si;.e, both in length (as a
, o
proportron of body suze) and in dtameter A
. , o .
B. Internal Anatomy - N T P

oo Rudman (1971 a and b) examined th.e mantle cayity and
”’associated otgans, reproductf‘ve and'di_gestive s}stems,.and the major .4_
gangha in 4 specues of Haminoea (H crocata Pease 1860 and
Hcymbalum Quoy and Gaimard 1835, both from Hawaii; H: so//tar/a
Say 1822.,from the easter/éorth Atlantic; and H. zelandiae Gray
1843, from Auckland), and reported a similar morphology throughout
although a few organs.were mterspecmcally varrable. | examined the
3 species found on the Pacific Northeast coast“a"nq found similar
res‘ults; the major organ systgms seem to be comparable between
* species, with a few.structures being consistently diagnostic (penis
complex, gizzard plates, and in some cases, radulae and jaws; .
Tabled). _
" B.1. Penis Complex:
“In the literature, the penis/ prostate complex is an important -
diagnostic charact.er (Table 4). H. callidegenita, H. vesicu/a, and H.
 virescens also show species-specific morphologies (Fig. 3) wHich are
consistent within a popu!ation, and in the cases of H. callidegenita
and H. vesicula, among two or more populations“. Diagnostic features
Jjnclude the number of lobes composrng the prostate and their relative
v sizes, size of the penis sheath the presence of splnes or other forms

of armature inside the penls sheath (as i in H. elegans ,‘é?ay 1825 in
.técu‘s 1957) and the presende of any additional structures (such as
the muscle sac " of H. wrescens in Marcus ‘t961) If live or wet
specnmens are avarlable the penrs complex is a nice dlagnostrc
feature because it is easﬂy drssected and observed, and drfferences

2’.0

between specres are readily. apparent. o -

-



~

k]
~

Bf2. Radula Morpfiology:. - ‘
In all specnes of Ham/noea where it has been examlned the
.. radula formu's the same (n.1.1.1. r; sometlmes listed asn. 1 n
depending on the characteristics or techmque of examination of the
first row of Iaterals) with the rachldlan and first Iateral teeth
showing characteristic sculpturmg in sgme ‘species (Table 4).°
lntrapopulatlon variation in the nature of the sculptunng was not
- ~observed ifn H. ‘callidegenité‘ (n=10), but size and shape of the
rag\hidian tooth was slightly Varigb'le between the 2 study populations\ -
“(n=5 individuals / population; Fig. 4). Considerable interpopulation
variation was‘apparént‘ in 3 populations qf H. vesicula (n=10
individuals / population) in an;)e‘{émination of unworn teeth from
.‘corresponding regions of the. radular ribbdn (Fig. 4), although
intrapopulation differences were nqt apparent. Radulae frc;m only one
pqpulatior‘l of H. virescens (n=10) Wege available for gxarﬁination.
The details agreea with Marcuss (1961) descripti‘on of this species,
afthough. appearing slightly shrunken, possibly because of the fixation
(Fig. 4). B . :
B.3. Jaw Shape: |
Haminoe®m have small, chitinous jaws which are used to g'rasp
and hold food-while the radula rasps up paricles. The jaws are flat,
wuth a broad, crescentric outline, and are c/ vered with a fme etchmg
of linesin a cr’oss-hatch pattern. They did notseemtobean
impoftant diagno_siic featy‘re,«as‘with few exc;‘eptions, there is little
; interspec;:ifi'c variation. H. viréscens have jaws that are pointed
o _an@norly, while those of H. callidegenita and H. vesicula are
rounded (Chapter 3, Fug 7,8,and 9).
B.4. Glzz_ard Plate Morphology., Co

23~
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The number of ridges on the giZzard'plates has beert commonly
cited as diagnostic (Table 4) 'but they are'variable in H. callidegerita ,
H vesicula , and H. virescens .| The number of ridges per plate
increases with specimen size, ans also varles among animals of the
‘ same body- length (eg.in H callidegenita, ridge humber ranges from |
10 to 16 in 23-24 r'nm Iong ,ammals) Examination of‘the ‘details of "
the surface of the gizzard plates with the S.E.M. revealed the presence
of paplllae and tHeir distribution may prove to be significant: In H.’
virescens, papillae-cover both the ridges and troughs that make up the
medlal surface\:f each plate, while in H. callidegenita and: H ves:cula
paplllae are restricted to the’ rldges H. callidegenita have pomted
papillae and H. vesicula have rounded, finger-like papillae (Fig. 5).
‘The sizes of the papillae are diffi::ult to compare, as the orientation
of some papillae suggests that they are capable of slight
contractions and exterysuons The only previous report o\fthese
papillae was by Rudman (1971a) who includes them as" chltlnous
“rods " in.a figure on gizzard. plate formatlon (Fig. 18, p. 672) and his
'only description of them in the texl is that the ridges are " weakly
denticulate" (p. 671). }These papillae are of interest in that they may
reveal the function of the gizzard plates to include sorting and_/or )
secretion, rather__ than just crushing, as has corﬁm'oh_ly been assumed
; (Rudm{_an, 1971a). , A |
NATURAL HISTORY: - ,
A. Diet and Habitat.
'. In addition to morphologncal data, it is |mportant to record ‘
' lnformatlon on natural history. Haminoea are typlcally intertidal or
shallowly stibtidal annmals lnhabmng bays a'ld Iagoons wuth fine,
| 'S|lty or sandy substrata. They are usually found in association wuth

eelgra\ss beds. Some specnes are found in other habltats such as coral
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rubble .~ ?
(H cyanocaudata Heller and Thompson 1983 and H. cyanomarginata
* Heller and Thompson 1983; both in Heller and Thompson, 1983), or
inteni‘dal rocky poois (H. virescens Sowerby 1833; in Morris ot al.,
1980, and' H. gracilis Spwerby 1833. in Kilburn and IRippey. 1§82).
Diet ? unknown, but Haminoea are considereggp,be epiphytic
grazers. H. brevis Quoy-and Gaim frd 1835 (MacPherson and Gabriel, .
1962) and H. hydat/s Linne 1758'(Thompson and Brown, 1976) hava
been reported to prey on small bivalves. | -

B. Development:

Berrill (1931) studied the develo¥

e'm of H. hydatis , a
Iecithotrdphic species, and Richards (1921 1923) briefly examine.d_
cleavage in H. virescens , a planktotrophic species. Development of H.
solitaria Say 1822 (Smallwood, 1904 a and b; Harrigan and Alkon,
1984), and of H. (Haloa) japonica Pilsbry 1895 (Usuki, 1966), both
Iecithétrob?sic species, havé been examined. |
C. Additional Naturél History Observations:

comotion is through ciliary action on a contunually secreted -
mucous tube ( (H. antillarum d'Orbigny 1841, in Olmsted 1917, and H.
zelandrae Gray, 1874, in Rudman, 1971b). Edlinger (1982) foynd that
H. navicula DaCosta 1778 are able to change colour from nmggrly white
to black over a period of 9 d, thraugh melanophore contractlon and
'mlgratlon. H. crocata ,Pease 1849 were descnbed,a‘{ﬁaving 17
bivalent chromosomes (Natarjan, 1970). Swimming was described in
H. hydatis Linne 1758 [Clark, 1855), although this observation has
not been reported by/othe‘Ts working gn this or other species.

»
!

" DISCUSSION :

The genus Haminoea Leach (Opisthobranchia : Cephalaspidea)
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| currently contarns approxrmately 96 specres (excludrng synonyms. B
Table 2). %e matonty of these specres were descnbed and still are

lZnown by sheII charactenstlcs only Many of these data were -

/

L repetrtrve as many authors when revnewrng a specres or the genus as
-a whole merely referenced the ongrnal work or re- examrned the type
specrmen (shell) only Charactenstrcs hrstoncally consrdered
dlagnostrc are based on the shell and rnclude shell shape, colour

| surface sculpture (spiral stnae) features of the vertex’ and the

associated point of unsertron of the ‘outer apertural hp, and the

~ curvature of the. 'col"u'mella with?its;reflexed callous (Table 3). Most

of the early specres were descnbed and are known on the’ basrs of one
or a few shells only. An examrnatron ofa range of shells of dtfferent
sizes in 3 sgecres of Ham/noea (H call/degen/ta n. sp (descnbed in
Chapter 3), H. vesicula Gould 1855, H. vrrescens Scwerby 1833)
revealed that .many of these characters are not as specrfrc oras
rehable as was formerly considered. None of them seemed :

ﬁsufﬂcrently encompassmg to support the subduvrsnon of thts genus, as

has- been proposed (Prlsbry, 1920) and accepted by some other authors p

(Habe 1952; Hamatani, 1961; Kuroda and Habe, 1061 Burnf\f%G
Usukr 1966 not by Zrlch 1959) However these features may be -

useful in drsttngurshrng between sympatnc species as' there should be )

no mergrng of oharacters through hybndlzatron if they. are drstlnct
specnes ang the relatrve sparsrty in the number of specles found in:

- one geographrc area may allow unlversally subt|e sheIl characters to
be dragnostﬂ: '

Morphologrcal features other than shell charactenstrcs are

essentral both in new 'species descnptrons and in the re- examrnatrons o

of estabhshed specrés My exammatron of three specres of Northeast

Pacrfrc Ham/noea suggest a number of characters that appear rehable
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to effect a clear separaion of specres These characters are:
Hancock's organ, and the penrs complex as.well as external features

such as plgment pattern, cephallc shield, and the eprpodral and

' posterror palllal lobes (Table 4). Morphology of the radula’ was

varrable between populatlons yet patterns of dentmon and.

lsculpturlng appear specres specnfrc (Flg 4) Gross morphology of-the-

shape of the surface p

grzzard plate was notar liable character but the dlstnbutron and
a&e may prove to be diagnostic.

As in all taxonomrc work, it is necessary in this genus to

' examrne the morphology ‘ofa number of specnmens preferably from

more than one populatnon Descnptrons of certarn structural features
are..erequrred (ie., Hancock's organ, penis and prostate, and external

features) while other struotures are USeful'if discretion is used in

. assessing their |mportance for each spemes (ie., radula grzzard:: &
. t‘

plates and shell) Structures mcluded in the second group show some

: mtraspecrflc variability, but are nonetheless valuable for several

" reasons. Hard parts are useful because they can be used in anlmals

WhICh have been poorly frxed Also, some features are dlagnostlc

even though variable; for example the sculpturrng and dentrtron of the

~radulae are characteristic, although the size and arrangement of the

teeth may be variable. If examrned ina number ofspecimens, from
more than one population, the patterns of varrat\n can be recorded’
and gntrcrpated in other populahons and confidence in certarn ’
features rrEy be marntarned The shell is valuable because it provrdes

the only data currently avarlable for the majonty of specres

‘ Descrrptrons based solely on shell morphology should not be

- disregarded until sufflcrent rnformatlon has been accumulated to.

reveal these specues as dlscrete OF as synonymous ¢ ‘entities. Although

A

Hamrnoea species are wrdespread and seasonally abundant anrmals,
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_their natural hrstory is poorly understood -and such contnbutnons\ \
would be valua&eﬁ? further systematac work. . -° B

Jtis pra that many Haminoea specues wnll prove to be

" .Synonyms Mary Haminoea specnes have not been recorded srnce their

"_or.rgnnal shell jas d deanptron However genera of herbrvorous -

| wmolluscs are ftert composed of many specnes (Marcus and Marcus .
1 967) so it seems-equally pqssrbu that many of the poorly-known
specres are actually drscrete ‘ '

| Iti |s evident that most Ham/noea species need to be

) re- exammed in order to prepare more complete descnptuon!‘

- Revision may be necessary ‘and may |nc|ude subdivision of the genus.
‘Such subdivision will probably not follow Pulsbry s (1920) cntena

based on structure of the. columella alone unless strucytural features

other than the shel are supportrve



anure1 Intra- and interspecific varuatuon |n the shell morphology .
of three species of Haminoga found in the Pacific Northeast.

iy

e All scale bars represent 5 mm. “ '

P
¢
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Legend:
Shells 1 atod: Hamlnoea virescens Sowerby
‘Shells 2ato d: H. vesicula Gould.
Shells 3 a to d: H. callidegenita n. sp..

Y






‘ anure 2 Variation in the shell éhape of four species of Ham/noea

expressed as a comparison bf length width ratios ( ne= 30
\ shells/specnes ). ' .

Legend :
o . Haminoea ca///degen/ta

"« H.vesicula.

“ H. virescens.
°  H.solitaria. ",
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Figure 3: Summary of some dnagnostnc features of three Ham/noea
species found i m the Pacmc Northeast

£

.'ngend: R RN

Specnes RPN
1. Haminoea ca///degemta
2. H.-vesicula. : .
3. H. virescens. . \ .

Structures
a. shell. Scale bars represent 5 mm. ’
b. shell vertex. Scale bars represent 3 mm.
_C. Hancock's organ. Scale bars regresent 0.5 mm.
d. penis complex Scale bars rep%ent 1 mm..
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-.Figure 4. Intra- and interspecific variation in the radula morphology
5 of three species of Haminoea found in the Pacific Northeast.

Legend: ge ; .
. 1. Haminoea callidegenita, collected from:
a) Spencer's Spit. Scale bar represents 50um:
b) Rock Point. Scale bar represents 50um.

2. H. vesicula, collected from:
a) Grappler Inlet. Scale bar represents 25um.
'b) Rock Point. Scale bar represents 25um.
c)fbanta Barbara. Scale bar represefts 25um.

3) H vf(escens, collected from:
a) Santa Barbara. Scale bar repreisents 25/wn






13 h ,
Figure 5: Photomicrographs of the medial ridges of the gizzard

plates in three species of Haminoea. All scale bars represent
Soﬂm. | ' '

Legend: »

1. Haminoea callidegenita.
2. H. vesicula.

3. H.virescens.






~Table 1. A list of the described Haminoea species, including +
location of type speqimqn (if known) and sites of collection. . R

.

)
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- Table 3. A summary of shell characteristics,in the genus Haminoea o

compiled from the literature (reTerences listed). -
Characteristics included are: shape, size, length:width ratio, .
colour vertex, striae, columella and callous .
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Table 4. A summary of Haminoea adult morphologies, compiled from
the literature (references listed). Features included are:
body length, colour cephalic shield, epipodial lobes, Hancock's
organ, radula formula, medianvand first Iateral teeth, grzzard
plates and the penis complex.
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'  CHAPTERS3 el

DESCRlPTION OF A NEW SPECIES OF HAMINOEA HAMINOEA -
CALLIDEGENITA (OPISTHOBRANQHIA CEPHALASPIDEA)
INTRODUCTION: - . - O
" A population of Hammoea was dlscovered in Spencers Splt
' Lopez lsland Washmgtcn by the late Professor RL. Fernald of the | .
| Unlversny of Washmgton Seattle Subsequently, ) second populatlon “ep
+ - was found at Rock Pomt Samlsl;.Bay, Washlngton These Hamrnoea |
were consudered unusuﬁ in that they. dltfered develOpmentally from'.
“H. -vesicula Gould 1855 a superllcrally srmllar speCles common in the
. Pacific Northeast. .. * - | |
Anlmals from these 2 populatlons were examrned and compared
" both morphologlcally and developmentally wuth mdwrduals known to .
"be Haminoea vesicula ln an attempt to drstlngulsh the two species. It
"appeafed that not only were the Spencers Spit and Rock Point -
‘ populatlons dlstmct from H. vesicula, but.a revrew of the Ilterature
" also mdlcated that they represented a new specres - n';/
| " Hammoea,ca/l/degen/ta n. sp. were found on muddy substrata in.
mtertldal and shallowly subtldal zones, as is typlcal ofthe genus In
the Spencers Spit populatlon ammals and egg masses were found |n S
. dense mats of the alga Chaetamorpha Ilnum In the Rock Point |
population, they were found on beds of the grass Phyllospadix sco_u_leri..

o They dlffer from H. vesicula . indaging slightly mo\rereddish brown in

; colour havrng a deeply blfurcate cephallc shield, and a thlcker more
’ ovate shell. The morphologles of the penls complex Hancock’s organ

LN
and radula are also diagnostic characters. B

Jin this chapter | describe thIS new. specnes Hamrnoea

, callrdegemta and present crlteea for dlstlngulshmg among 3 specnes

’

84 . T -




. ) ln this chapter ldescrlbe thus new specles L
cal/:degenlta and present crltena for dlstlngulshlng a ‘.o,,ng 3 speeles

" of Hamlnoea presently known from tl]e Pacmc Nonheast%oast H.-

. T

veslcula Gould 1855 H wrescens Sowerby 1833 and H. callldegemta
nsp Ty

. . B
. . ) “ .
f.. - . : AR
-~ . . B :

MATERIALSANDMETHODS e LT e

Qpecrmens of Hamln?ea callidegemta n. sp were collected

. from 2 lccatlcns Spencer‘s Spit, Lopez Island Washrngton (489 33' N,

: 122° 51 W) throughout the period from November 1984 to October

1986 -and the Rock Point Oyster Company, Samnsh Bay, Washrngton

(48° 36' N, 1220 28' W) in October 1986 .

| Anrmals were kept at Banjfield Marlne Statlon Bamfield, Brltlsh
Golumbla in aquana with }Er%ﬂc:usly flowing seawater at ambrent
temperature (wnth an annual range from 6° §o14 o C). Adu ;s were

supplled wnth Chaetamorpha Ilnum and Ulva Sp. as food Egg masses

. were collected and maintained in Pyrex%akers contalnlng ' N

bag,-frltered—(t )Am). seawater. Larvae and~ luvenlles were cultured in

- Pyrex dishes without antibiotics, ‘and after met"amorphosls were

provnded with Chaetamorpha and Uava as food. Lrght wcroscoplc

observations and measurements were made usrng a calrbrated ocular

" micrometer on a Rerchert compound mlcroscope and on a Wild M5

.dnssectlng mlcroscope o

- Tétal body length of adults and juvenrles was measured whrle
anlmals were actlvely crawlrng Sketches and addrtlonal
measmements were made wnth a camera lucida. Both fresh (:7% MgCl
anaesthetlzed) and frxed (10 % phosphate buffered formalm)

o

t .
&
i

i Y

a . /f



| ,', R S ST S e ‘. T

specimens of H. callrdegerura 'Were used unless otherwise lndrcated
- Each structure was examined in a minimum ot 10 specimens for both

populations Fot the radulae the numbet of uncini per row of teeth was
determined at the wrdest point. Rddulae of the formalrn-flxed ; '
specrmens were pregared for examrnatron by scan'nrng -6lectron * f‘ g
mrcroscopy by removing the mvestlng tissue layers wrth 6 % sodlum
hypochlorlte followed by rinsing wrth dlstrlled water Grzzard plates -
were removed from fresh specrmens rlnsed rn ‘seawater with a 15 s
sonlcatron and fixed i rn 2.5 % glutaraldehyde in seawater followed by , 7.
a secondary fixation in 2 % osmlum tetraoxlde The plates were then |
dehydrated in ethanol, rinsed in amyl acetate 9vernlgh and crrtlcal :
point dried. Specimens'of ra'dula\e and 'giz‘zard plates we're examined at

N the Unrversrty of Albe"ﬁﬁa on a stereoscan 100. '. .

A mor\Q'ologlcal comparlson was made between specrmens of H( -
vesrcu/a gould 1855, varrescens Sowerby 1833, and H. callrdegen/ta_
n sp.. H vesrcu/g were collected. from Grappler and Bamfreld Inlets,
Bamfreld British*Columbia, from False and Frsherman s Bays in the
‘San_Juan Istands, and from the Rock Point Oyster Company,_ Samish
Bay, Wa‘shington H. virescens 'were borrowed from the Santa’B;rbara-
Museum of Natural Hrstory, Santa Barbara Callforma (wet specrmens
No. 83212 collected at Goleta, Coal Oil Point, Callforma) anid from
the San Diego Socrety of Natural History, Sqn Drego California (shells,

No. 29020, collected from Laguna Beach, California; No. 20921, San .

Pedro Callforma No. 2667 Ocean Beach California; and No. 18880

San-Diego, Calrfornra) Observatlons of these 2 specres were made as |
; outlrned for H callrdegenrta on both fresh and frxed specimens of H

- vesrcu(a and flxed only (10 % formalm wrth hexamene) for H.

PR - K i
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RESULTS AND DISCUSSION: .
DESCRIPTION OF THE GENUS:

. Class Gastropoda
> Subclass Opisthobranchna

‘ | Order: Cephalaspldea :

o , Famlly Harﬁlneidae P;lsbry, 1895 (Cernohorsky, 1985)

: . Genus: Hanynoea Leach, 1818 (in Gray, 1847) )

".’QIEG‘NQ"SISZ" o " ‘£ ‘ ‘ '

Body oblong. with a broad, peprgsed *head, bllobed postenorly

—— -

Eyes sessile |n the middle of tl?e head. Foot subquadrate,

sw«mmmg lobes [p‘arapodla]whnch nearly cover the shegfl. -Shell.
convolute thln horny, transversely grooved, and des tute of sp:re .
- (from Adams 1855). Shell convulute, ovate thln gen rally horny- -

with spnre concealed inner lup very thin, wnth columella curved outer -

lip elevated«above the  Spire (f pm Reeve 1868)

TYPE SPECIES | Bullahydatis Lifnaeus 1758 . g
" DESCRIPTION OF ANEW SPECIES, HAMINOEA GALLIDEGENITA.  ~.

.' — Ground colour rangung from grey- brown to hght brown tmged
' " wnth reddish gold and sprmkled wuth dark brown plgment spots
Cephadlic shield deeply blfurcate posteriorly. Parapodlal lobes . ~ :
, covering the anterior third of the shell, but not meetnng dorsally
Shell pale reddlsh white in colour and measunng1~3 8 x 10 3 mm (m a .

28 mm speclmen) Apex depressed and |mperforate With msertlon of ’

Nt

_' the,apertu?al lip on the left. ‘Hancock's o;gan not lamellaled, but, R .

0



. oons”rstlng of along. narrow oonvoluted band Penls.,unarmed. and wlth‘
a unllobular sllghtly pear- shaped prostate Radular fog ula n1 110
| —n from 1210 21) rachidran tooth trioUspld and tlrst laterals distally -
notohed‘ , S :
" H YMC anx'; r} e SR a N n

" This specres was grven the name callrdegamta (l‘rom the Latln

- Ay

ca/lrdus meanrng clever or cunnrng, and genare meaning togive
| brrth), which translates as one who gives birth in a versatlle and
elegant manner This- name referred to the pattern of developmem/\
o exhrbrted by this specres from each egg mass some individuals
hatched as veligers and some as juveniles, and thus explmted both N
.drspersnve and benthi¢ larval strategtes This development pattern is |

ttttt

. Type'speolmens will be deposited at the fellgwlng-museums.

A, Holotype : British C'Blumbia Provincial Museum, collegtedat S‘penc"er's.

* Spit, Lopez Isiand, Washington (48 0 33 N, 122 © 51 * W), by G. Gibson,

- October 11, 1986, ata depth of O.'25 m from a"sllty substra’tum . .‘3 .
domi\nate%thegreen alga Chaetamorpha linum , live bod)t?zlength' o8
mm (17 mm fixéd), fixed in 10%, phosphate buffered formalin and
transferred to 70% ethanol Paratypes Unrversrty of Alberta Museum
lrve body length 26.mm, same date and locality of. collectron as

= holotype hosphate buffered formalin frxatron Calrfornra

‘,Academy of Scrences Invertebrate,\Zoology, live body Iength 26 mm

o same date and Iocalrty of collection as the holotype. 10% phosphate D- _

. buffered formalin frxatron Addrtronal paratypes (both wet specrméns |

“and shells) will be deposrted wrth each of the above specrmens

}«-4.
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a) External Features

~

Ground colour, variable betweentndwrduals, ranges from‘
grey-brown td’lrght brown &ndhi is tmged with reddish-gold Numerous

\ dark brown plgment spots, czlfferent srzes arj confrguratrons, ard -
dlstrlbuted over the animal peciaLly but not excluswely, on the’

" dorsal surtace. Plgment is concentrated along the edges of the-. -

jhe postenor palllal lobe, and i in a V-shape on the

spots Wthh are aléo concentrated along the margms of the parapodral ,

lobes tﬂe postenor palhal lobes, and the lobes of the cephalrd shleld
T‘he transparent shell reveals a similar pigment dlstrrbutlon in the

underlwtg mantle tissue. Growth lines in the shell are clearly visible. .

"The e‘yesp its are covered by a thin layer of I’ightly pigmented tis'sue o

The overall effect of thls plgmentatlon pattern is a reddish, or greyish

- brown colouration that is darker dorsally and along the margins of the '

-various lobes Specimens collected at Rock Pornt are slightly more
o reddlsh than those collected at Spencer’s Splt but otherwrse the
plgmentatl'on patterns ars |dent|cal Colour édaptatlon reported in H
ﬂavrcu/a by,Eﬁng\e{ (1 982) was not observed, S e
i3 The body shape is bullae?orm -as is typrcal of the genus. ‘The

parapodlal lobes are reﬂexed over the anterror third of the shell and

do not meet dorsally The anterior foot is tlared and flattened rn\the B

3reglon parallel to the eyes ‘The antenor cephalrc shreld lstaterally - Q

- extended lnto 2 small flexible, protrusrons which are hrghly varlable@s

| the animal crawls about. . Posteribrly it is deeply cleft into 2 defined
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_ " lobes which p oject over the terlOr part of tho shell The postorlor .
pallral loba is partlally réflected up/yew> e posterior edue of the . .

shell the rest of the palllal lobe is flatten
The ovate shell (Fig.7; also, Chapter 2, Fig. 1)/wﬁ with
. pale reddish tinge, externally and internally. Cofour Ihtensity is
variable between individuals but aot correlated with size, as re orted\}
13 8mm x 10. 3mm in srze giving a L ‘W ratio of 1.4: 1 with wudth
‘ measured atthe wldest péint just posterlor to the middie of the ghell.

Vanatlon in the length wudth ratio among similar and over a range of

Y .

shell sizes is shown in Chapter 2, Fig. 2. The apex is rounded,

depressed, and rmperforate The outer lip.rises sharpl)l from the left

. side of the apex and is rounded slightly above the apex The columella

{ r
is concave and the reflected callous variable in breadth but

‘ consrstently thrck between mdrvrduals The callous is broadest on the
body whorl, then_narrows to enorrcle the apical depression. The

_'call'ous is usutally#white, but rnay have a slight creamy or reddish tinge ° f
in some specime?ts ‘The umbilicus is not depressed. Growth lines are
- distinct and unrform along the length of the shell. Fine, regular, wavy,

. spiral striae were vrsxble wrth a rrlagnlflcatlon of 6 x. Shells were

"always composed of 1.5 whor egardless of size, and supportnve of

Marcus (1957) theory that in. thrs gen sthe central portron is ©
dlssolved as the periphery ’lows ' j ‘f
"Hancock's organ (Fig. 7) ias not dwrded |nto dlstrnct lamel ae, as
: f,has been descnbed |n other specres of Hammoea (Fig. 7; also Chapter )
2, Table 4), but is sllghtly folded, resembllng that of H. cymbalum and -
- H. zelandiae (Rudman 1971) Thrs ipeoles drlferi in that Hancock's
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“organ i formed by & long, narrow (3.4 mm x 0.15 mm; sllbhtly
‘convo!uted band, surroun d by an oval shaped non-lntlated area of

quhtly pigmented tlssue‘dS ‘ IR '
b) lnternal Ahatomy -

?

Sizes Iisted tor the tollowmg characterrstros were measured in
. 8 28 mrh specimen, t)mless otherwnse indicated. o .
»~ . The. chntnnous jaws areg of the 'same configuration as those in
*r §beé\g’s that havh been examined ( Fig-7; also, Chapter 2, Table
\

TMy areo 9 mm'x 0. 6 mm in size, and are oovered by a

9

Fa

cross hatched paRern. -
v ,Ihe/ radula was ? 7 mmx 1.2 mm (measured at the widest pomt)
."The fOrmula in thrs specrmen was 19.1.1.1.19,n counted at the widest

portron of the aula The /ghbaer of laterals (n) v%ies among
. specrmens, ranging.from 14 mm animal to 21 ina 26 mm .
animal.. The median’toottt is tricuspid, the t'rret lateral ha‘s ai1Sum
medial -notch, and the uncini are all similar in shape and decrease in
size from medial to distal. A slight vanatron in the size and shape of
the rachrdran tooth was observed among mdwrduals from both study
jppulatrons (Chapter 2, Fig. 4). A
‘ The 3 glzzaro“ plates (Frg 7) were 1.6 mm x 1.1 mm, wnh 12
mednal ridges, and show the gross morphology consrdered typical of
the genus (Marcus and Marcus; 1967). The pres‘ence of long, pointed
paoillae on the medial surface of theee ridges was ndted (Chapter 2,
: | Frg 5). Size and ridge number are varrable between specrmens but not
| correlated with specrmen size. o

The morphology of the penis oorrtplex has also been

demohstrated asa diagrtostic character (Marcus and Marcus, 1967,
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Fiudfnan. 1971 ;S:Thompeo‘m 977). Haminoea ca_llidegeblta has an '
unarmed penis (Fig. 7)., without cuticularized spines such as- described‘

+"in H. elegans (Marcus, 1956). The penis sheath was 1{:&7\ Iong. and
was connected via a 2.9 mm coiled duct to a unilobular, shghtly
pear»shaped, 1.6 mm long prostate ’ -
AR The dcgestnve, reproductive. nervous, and circulatoty systems
» are as descibed in Haminoea zedandia¢ (Rudman, 1971).
- HABITAT, RANGE AND NATURAL HISTORY:
‘ Haminoea callidegenita have been observed at two sites,
Spencers Spit, Lopez Istand 5980 33'N, 1220 51' W) and the Rock Poirit
Oy'!br Company, Samish Bay (48° 36' N, 122° 28' W), both in -
_Washington StateﬂU.S.A., A search was done throughout the San Juan
Islaqu in July and Aﬁgust 1984, buteo additional populations were
found. Possibly other populatioris exist along at least the Was‘hir\gton
coast but have not been recogmzed by others because q('thls specnes
external s;mnlanty to the common Hamlnoea vesicula — " SR i‘
The Iagoon at Spencer's Spit consists of a Iong stranght sand
. spit extending perpendicularly from the, shore. M@es are preSent. B
along the narth side, }orming a shallow lagoon that is kept frem '
becomi.ng totally isolated by a narrow (~1.5 m wide) channel jg the -
ocean. Depth fluctdaies‘ slightly with tidal gycle, but the lagoon was
" rarely deeper than 1matits deepest-poirftci The eubstratum is eilty
“mud. Two types of algae dommated the Iagoon Chaetomorpha hnum
and UIva sp., both 6f whnch form dense mats ,
Hammoea callidegenita were observed'crawling on any solid
substrata present, including the sediment, branches, and Ulva ; but .

most frequently were found within or underneath the floating ;nafs of

\\ N ] . . F



| C{laotamorpha Anlmals were oolleoted ln Noiember 1984, January.
'February, and June through Novergber 1985, and April through October
1986. Although an extensive populatlon was observed during the
1984-85 winter, no ‘animals were found ln the 1985-86 winter. Body .
size of.animals collected, ranged from 1 to 33 mm, variable with time _°
ot year, but with a wide range present at each trme of collectlon (eg r
from 7-to 20° mm in February 1985 and from 3 to 29 mm in July of the «

. same year) Abundant spawn..at a varlety of developmental stages,

were observed on branches on Ulva, and most frequently on:

. 'Chaetamorpha Epo masses were found throughout the year, with.the
highed. densities from May,to Octaber. H. vesicula , frequently
observed outs‘ de the lagoon in a Phy//ospadrx bed at the tip of the
spit, were also found rnsude the lagqon (October 8, 1986 and April 17, .
1987). Adults plus eggs were observed on both occasrbns

genita were collected 3 Rock |
987. Bedy length of crawling

Specimens of Haminoea calli
Point on October 8, 1986 and April 16

animals ranged from 3 to 29 mm. Rock Point

s a wide, gently

curving bay, witha mixed sand and mud substrate. Hamir\roea‘ o .

'cal'lidegenita were found in the slight depressions formed by drainage :

. "channels, with a mud substratum and containing beds of Phyllospadix

. 'scoulerr Hammoea vesrcula adults were also present Ammals were
_ collected at low tide, as they crawled on the substratum as well as
over the C scouleri . Abundent spawn of both species were present on
the eelgrass - g
| Haminoea callrdegemta fed by grazung dlatoms and detritus
. seemingly from any available: surface, lncluémg Chaetamorpha, Ulva,‘

. Phyllospadix, and glass walls of aquaria. Examination of the stomach

s
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contents ahd fecal pellets reveal sand panlolss organic dotrltus.
. several species of dtatoms elther fragmenfed or most often ontiro, ,
~ and clumps of Ulva cells. Cells Identihable as. Chnotamorpha were

not observed nenther were adults observed actually rasplng off and
| mgeétung partncles of the Ohaetamorpha fnlaments Small olumos of
cells that appeared to be eptdermaT cells of Phyllospadix were found
" in the fecal pellets of animals collectéd at Rock Ponnt However, the
cells were unpigmented, unlike expelled Ulva cells suggesting that
they were dead before being aooiqent'ly grazed up by radulae not
sufﬁci'entTy equippedzo break up the fibrous eelgrass blades.

Animals wete generally aggregated, whether in the field or in
" -culture. They secreted a mucous tube when crawling, and tranlmg of
other mdlvnd,uals along these tubes was Gommonly observed. When
severely agitated, they secreted d"grey milky substance, the.presence
. of WhICh initiated a snmnlar response in other individuals. -

" Egg ma57es were ovate typncally 15 x4 x4 mm in size, and up
toa maxumum observed size of 33 x 6 x 6 mm. They contained an
average 0?21 eggs/ mm 3 (n= 10 egg masses), for a total of 300 to
700 eggs per mass. Eggs were individually encapsulated and agranged
in a continuous strmg which spiraled through the outer layers om
mass lQ:leaved eggs were 320 um in diameter and bright
orange-yellow in colour. Spawnmg appeared to be gregarious, as
embryos within masses of spawn collected in the field were often of . ) '
similar developmental &age in the laboratory, spawning was often
’ synchronous throughout a tank. Dvnposmon usually occurred at dawn,

but individuals often were observed in the process of Iaymg

7~ th oughdut the day and as late as 11 PM.



o "hatched either as Iecrthotrophlc Velrgers oras juvenrles wrfh a

f Y Lt : o :
A . E

l — 9 5
Development was synchronous wrthm the mass and hatchrng

et occurred 30 to 34 d after spawnlng (15 o C) Siblings from one mass.

—

-

\greater proportlon ot velrgers early in the hatchrng perlod (3 to 12 d

o duratlon) and decreasrng as the hatchlng proceded Metamorphosrs of

o vellgers could occur spontaneously, but appeared to be enhanced by the
presence of Cha)etamorpha ’Juvenrles began feedlng 3 tg4d |

\;post-metamorphosrs often on the dlatoms that hac by then overgrown

Ahe egg mass jelly, and later fed on Chaetamorpha I/num and U/va sp, -

the. adult food sources IR e e

SEEQLES.QE.L*AM/LVQEA T e ey
. "‘ In add.rtron to Hamlaoea callldegen/ta n. sp. there are 20ther Lo
' ,  specres of Hamrnoea commonly found in the Pacnflc Northeast H
. ""_vesrcu/a Gould 1855 and H. (/rescens Sowerby1833 .
' Hamlnoea vesrcula |snan mtertudal speCIes found:-on mud flats
. L ‘and sandy })ays from Alaska to the Gulf of Cahfornla (Morrrs etal,

Bl 980), usually in assoﬁatron with Zostera or Phyllospadrx beds.

e ﬁAnlmaIs were found up to: 4} mm rn Iength and had a brown base colour

- ;';wrth black dark Brown; and cream prgmentatlon The posterror : f i

»'.cephalrc shreld rsaunrlobular and the eprpodral Iobes cover the anterror

fthrrd of the shell. 'Phe radular formula is n 1 1 1 .n, wrth 30 uncrnl ina

: '* k36 mm specrmen The rachrdran tooth is trrcusprd and the fi rst

. 2_'_{.;Iateral is serrated dlstally (Chapterz Flg 4) Hancock's organ has 7
pairs. of lamellae and tl'(prostate is bllobed ﬁhells are globose-ovate

o 'ﬁm shape (Oldroyd 1924 Fig. 8; also, Chapter 2, Fig. 1), and pale

greenrm yellow rn colour The vertex is depressed and rmperforate

¢



B specnes (Pilsbty, 1893):- RN

fnne $piral strrae covered the entire shell (Prlsbry, 1893; Ab):lott

N 1954) Details of the anatomy (Hancock‘s organ, gizza /d plate jaws _
and the pems complex) have been rllustrated in Fig. 8 and summarrzed'- :

in Table 8. I-Lolgae Dall 191 9 has been conSldere asa synonomous _

Ham’lnoea wrescens i8 found in upper htertldal pools along '

" rocky shorehnes from Alaska to Panama (M rris, et al., 1980) _
B -'.addltlona, coIIeotlons have. been from Sar) Pedro (Plerstocene) and the

‘ Caloosahatchre beds rn Flonda (Plloce;(e Oldroyd 1927) Adults are.’

. '
' generallya*few mrllrmeters Iarger than those of H vesrcula and are

~ dark brown wrth yellow plgment granules (Abbott, 1954). Shells are.

. globose -ovate in shape and strongly truncated posterlorly They were’

' reported to be greenish- yellow (Pllsbry. 1893) but the shells ] have

~ seen, dry specurﬁens wrth/out the'anrmal have been Whltlsh wrth a.

heavy, brown penostraium The apex is. |mpressed and perforate, and o

the calumella deeply arcuate wrth a narrow.callous (Prlsbry, 1893)

. The radula and pe / |s complex have been |IIustrated by Marcus (1961) o

' The Jadular form '|a is1.n.1, ‘with up to 64 ungini per half row. (Marcus

| 1961). The r hldran tooth has short sharp cusps and all the laterals- |

~ are smooth (Chapter 2 ‘Frg 4). Hancock's organ has 18 Ieaflets on
either srde and the penls complex contalned both prostate and muscle

. sac” (Marcus 1961 this paper) Detalls of the anatomy (as for H.

g vesrcula) have been illustrated in Fig. 9 and summarized in Table 6

'Spemes consrdered synonomous are H. cymblformrs Carpehter 1853

} : '. (Morrrs et. al 1980; type consndered mcomplete and unrdentlflable by
o Prlsbry 1893) H dalli . Bartsch (Prlsbry, 1933) possrbly H slrongr

v
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\' Baker and Hanna 1927 (consudereg synon’hous by Abbott 1954 but not
\ by Grant, in Pllsbry, 1933, ‘reasqns not specified); not H. olgae Dall ‘
191 9as has been suggested by Abbott 1954 (Pilsbry, 1893 also %

confrrmed by detalils lncluded in Dgll's descrlptron)

!

3

. CONCLUSION R o
Ham/noea callrdegemfa n. sp ‘have been found in Spencer‘s Splt
, Lopez Island and Rock Point, Samlsh Bay, both in Washrngton State.
‘ They were found rn rntertldal muddy habitats, and appear to feed by
h | .grazmg eplphytes and partrcles from the surface of Chaefamorpha

| linum’ and:'PhyI/bspald/x scou/en They are- slrghtly smaller and mo\e
reddlsh_b“
_ morpholog ures are;_deeply brfurcate cephalrc ehleld broad

,the sy"' patrrc H vesicula. Dragnostlc

:’!é | h"e,ad;}u ular: prostafe unarmed penrs tubular Hancor:k's organ, and

, glzzard p,ate wrth pomted papﬂlae on the rndges Their development

is unusual ln that some of the lecufﬁotrophrc hatohlrngs emerge as -

‘ velrgers and some as juvenlles

97 L
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Figure 6. Photo”graph of an adult Hammaea’calhdegemta n. sp.
collectpd from Spencer's Spit, Lopez lsland Washlngton (body

o Iength is 26 mm). -

4






L - .
[

Flgure 7. Dlagnostnc morphologncal feamres of Hamlnoea‘
callidegenita, n. sp '

Legend:
A. penis-and prostate complex Scale bar- imm.
8. Hancock's organ. Scale bar= 1 mm.
C. gizzard plates. Scale bar= 1 mm.
D..jaws. 8cale bar= 0.5 mm. :
~ E. shell. Scale bar= 5 mm. - Ve
" F. shell vertex. Scale bar= 3 mm. '
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Figure 8. Sone dlagnostlc morphologlcal features of Hamlnoea _
- vesicula Gould. ¢ - , | x\

. Legend , -
' A. penis and prostate complex. chle bare 1 mm.
B. Hancotk's organ. Scale bar= 1 mm.
C. gizzard plates. ScaleBar= 0.5 mm.
D. jaws. Scale bar= 0.5 mm.
. E. shell. Scale bar="5 mm..
F. shell vartex. Scale bar=3 mm.

v
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}:‘\ ‘ Scale bar= 0.5 mm.
ABeald bar= 1 mm.

"F. shell vertex. Scalebar= 3mm.
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Table 6. A summary of the dlagnoétlc features of three species of
“Haminoea found in the Pacific Northeast: ‘

)

- H. callldegémta n. sp., H. ves:cula Gou|d aﬁd
" H. virescens Sowerby
\

.1
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THE DEVELOPMENT OFHAMINOEA CALLIDEGENITA N. sp.,‘ o
| - WITH EMPHASIS ONHATCHING. - = . .

INTRODUCTION

Opusthobranch molluscs are hermaphrodltlc wnh most taxa

ethIttpg mutual -copulation, and cephalaspldeans, mcludrng Hamlnoea
R A

. showing umlateral copulatlon (Beeman 1977). Fertlllzatlon |s -

| %!nter_nal (Morton,197.9). As spawmng occurs, fertilized eggs are: Sl

- enclosed either individually or in-groups by membranous capsules

which are then linked together to form strings within a gelatinous |
mass (PurChon 1977)..The shape of the egg mass, the arrangement

of theeggs the rwnher of eggs per capsule and the mode of

- attachment to e sut strate are specres specrfuc (Hurst 1967; Eysteﬁ

1980 Boucher 19&3‘) The development ofanumber of oplsthobranch
specues’nas been examrned (Thompson, 1958, 1967 Smlth 1967 Chia, -
1971; Raoj 1971; Bridges, 1975 Swrtzer-Dur‘llap andHadfield, 197‘7

'cma and Koss 1978 Clark, et al, 1979 Williams, 1980).

Comprehensnve descrrptlons ofHarrlnpoea development have been ‘

- »made in 35pecres H. soI/tar/a Say (Smallwood 1904 a and b; Harngan ,
': and Alkon 1984) Bul/a (-=Hamlnoea) hydat/s Llnne (Berrnll 1931)
- ;and Haloa (=Ham/noea ) japomca Prlsbry (Usukr 1966) H solrtarta
has planktotrophrc larvae Wthh hatch 7- 10 d after 0le0$ltl0n (18 -
'200C). Aftera 20 d pelaglc penod metamorphcsns can be mduced by a
‘primary fllm mducer The sphencal egg masses are attached to the |
' substratum by a 1- 2 cm gelatmous stalk (Harngon and Alkon, 1984)
- | H. hydat/s produces C- shaped egg masses contammg approxrmately
' .70 eggs each 100,um in drameter (Thompsorr 1981) Bernll (1931)

= records 2 eggs/ capsule in H hydatrs other Hamlnoea specres are -

-g1.1q,'_-'
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reported to have only 1 egg/ capsule H. hydatis hatch in2or3 weeks
(temperature unspecnfled) as leclthotrophlc vellgerg//some settlmg '
|mmed|ately, others remannmg planktomc for a few days (Berrill,
| 1931) H. /aponlproduce oylmdncal egg masses each contammg
approxumately 60 eggs that are 24gum m duameterWhnch hatch as
Iecrthotrophlc velugers after 24 - 28d (13 - 16 °C). Metamorpho@ns

“occurs 3 -7 d after hatching (Usukl 1966) | , o
The objectlve of thlS chapter is to descnbe the development of
K call:degen/ta w:th speclal reference to the developmental stage at

L Hatching. The effect of enhancnng substrata on metamorphosns and

MA'l'ERlALS_AND METHODS : * D
" A.De " ion of tt : I‘. s.l ' | '
| | Adults and egg masses ofJ-lam/noea calhdegen/ta were '
collected from Spencers Splt Lopez Island, Washmgton at monthly
" intervals from June 1885 to October 1986, with one additional
- collectuon m April 1987. Spencers Spitis a shaﬁ’ow (<1 m) Iagoon
wuth a sﬂty substrate and limited access to open water. The water
" levelin this Iag_oon is only shghtly influenced by tidal ﬂuctuatlons
. and variations in physical conditions, such as temperature, salinity,
and oxygen tension, are probably e'xtreme “The inland side of the
; Iagoon is filled wnth mats of Chaetamorplta linum and Ulva sp both
of which provnde grazmg surfaces for adults and Juvemles
B Qultute_QI_Ammals S o *

- Cultures were mauntalned at Bamﬂeld Manne Statlon Bamfreld
' Bntlsh Columbna unless othenmse §tated Adults were mamtamed in .o
glass aquana wrth a contnnual flow of seawater at amblent

temperatures whnch rang_ed_fro‘m 910 12 oc, and were supplied With |
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,C;raetamorpha hnum and Ulva sp, as food. Egg masses were collected '
| |mmed|ate|y after spawning ‘and malntamed rn pyrex or glass dlshes at
ambient seawater conditions, 14 - 15 0 0r20-23 °C Culture water
was replaced daily wrth bag fittered (1/um)\§eawater Observatlons
made of egg masses that were spawned in the lab were checked ’
agamst masses collected i in Spencer s Splt Newly hatched vehgers
and juvenrles were removed darly, and cultured as outlnned for egg -
masses~ wrth the addmon of C. linum and,UIva sp. as food -Flakes of
© cetyl- alcohol were added tc reduce the surface tension, thus™ &
decreasmg the rate at which larval shells became ﬂ'apped atthe
| ’ surface (Hurst 1967) ‘Cultures of larvae and/or juvenlles ?e
‘cleaned every second day. When Juvemles reached approxlmately 3 mm
- ’“rn length (measured whrle actlvely crawlmg) they were transfered to
partlally submersed 500 mL Tnpour beakers with vents of . 542,Am
nNute‘x mesh to provrde a gentle but continual flow of seawater ‘and at
temperatures of 12 to15 oC. . ) B S
- Light mrcroscoprc observatrons and measurements o&mbrycnrc
Iarval and early juvenile stages were made using a ca@rated ocular
mrc‘rometer on a Reichert ccrmpound mlcroscope Photomrcrographs
‘Swere taken usrng a Wild Photoau;omat MPS 45 camera ?n a Wild
. ‘compound mlcroscope{x S S
C. W@Wﬂm
Hatchmg fatios were determlned by countrng the number of
' velrgers and juvemles that emerged from the egg masses each day..
Cleavage é?ages were cUItured under the following expenmental _
- condrtrcns 1) intact egg masses cultured at3 temperature regrmes
(9- 120, 14-150 , and 20-23 OL?)’{) egg masses slrced rnto 2 mm |
thick segn‘l'ents and malntamed at14 . 15 °C and 3) encapsulated ‘

_embryos completely separated from the egg mass, wrth all remnants’ B
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~ ofthe mass jelly re‘rnoved,‘ and maintained-at 14 -;5 °C Entire -

masses and SIices of masses Were cultured.at individually in +00mL
jars. Separated ernbryos yvere mainta‘ ned at densities of 50 --60 'pef
dish. All dishes contarned 40 mL of seamater The third group was
subdnvrded rnto 3 sets a) embryos only. b) embryos plus Chaetamorpha
linum (2 mg blotted wet welght / 40 mL 'SW, or 0 05 mgl mL); and c)
_embryos with pleces of egg mass jelly in sea water (14 mg blotted

wet werght / 40 ml SW, or 0. 35 mg/ mL), but not in drrect contact

. wrth the embryos Egg mass jelly' was replaced if necessary, but thrs

‘was usually not requrred In a few-cultures, the jelly was replaced

once, late in the culture period. All cultures were checked and cleaned
every second day and r‘hamtarned under the specrfre,d condrtrons untrl

hatching was completed (32 - 38.d after ovrposmon) At the onset of

- 'hatchmg, each culture was examined darly, the new hatclilings

removed, and yeligers and juveniles counted. The first series of

cultures (whole massas, sliced magses, and separated encapsulated

, embryos) was marmamed at Bamfield Marrne Station, Bamfreld

British Columbia from May to July 1986, and repeated at the B
, 'Unrversrty of Alberta Edmonton, Alberta |n October and November .

1\:6 The second series (encapsulated embryos under a variety of

drtrorls) was marntarned at the University of Alberta, rn October
and November 1986 and repeated in Aprrl and May 1987 Ten

replicates were marntarned for each expenmental oondrtron unless.

~ otherwise .Specmed. Statrstrcal jnalyses.were carried out as outlined .
 in Sokal and Rohlf (1981). |

D Me.tamnmb.osls _
Metamorphrc mducers were examrned by provrdrng velrgers with

one of several substrata on ﬂwe day of hatehing. The culture dishes (1 0.

“x 50 mm plastic p_et_n drsheskﬁmﬁegetreated wrth chlorox (5% sodium -
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. hypochlorate) for 2# then triply rinsed and soaked in dtstilled water

Several substrata were exammed 1) bag filtered (1pm) seawater only
_ (control conditions); 2) fultered seawater plus Chaetamorpha Imum
3) filtered seawater‘plus Ulva. Sp.,‘) fllt,ered seawater plus sedlment.
and 5) fil_tered seawater plus pieces of eg‘g ma‘ss"jelty. Cultures
contained. 5 ve|igers per dish. Sample sizes were variable beteen
‘conditions ;(T'abl_e 7), and ranged from 35 to 75. Observations were
. made gt 12 h intervals until metamorphosis had occurred or the
veliger died (up to a maximum period'o‘\tv 26 d). Cultu,t;e dishes were
rinsed and the water replaced daily. Dishes were not treated with  »
chlorox after the onset of the expenment All dtshes were mamtamed
at temperatures between 20 - 23 °C, Substrata were collected from-
| | the adult habitat (Spencer's Spit lagoon, Lopez Alsiand,-Washin_gton).j
*E.Determination of Veliger and Juvenile Growth: —

The growth rates of veligers and juveniles were measured under:

Iaboratory conditions at temperatures of 12-15 °C Veliger growth |
was determmed by measurmg the length and width of the shells with a
. cahbrated ocular mrcrometer ona Reichert compound mlcrosc‘.ope
Shell dlmensmns (excluding the velum) were used rather than tota1
l?rval Iength because of difficulties in consnstently obtammg the

~ same extension of the velum. Juvenrlesa were measured by total body
length while actlvely crawling. “Small juvemles (less than 2 mm)were
measured wrth a cahbrated ocular mtc!:ameter ina Wild M5 _

~ microscope, and large juveniles wath a Canlab ruler erther with the ald

‘of a Wild M5 mlcroscope or by eye.. * ' . .

" RESULTS: -
A QMID.QSLLQE
« Under Iabbratory condmons ovrposrtnon by Hammoea

N
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" callidegenita took place most frequently betvl/'een 0500 and 0900'h,
' ,although aduits were often observed Iaylng masses during later |
. daylrght hours and less frequently late in the evemng (2300 h). It took
B approxrmately 20 min for aismm egg mass to be produced ’
| Occasronally, adults were observed to produce 2 smaller egg mas;es '
| ‘sequentially, even f not vrsrbly dlsturbed Adults did not show any
substrate preference fot ovrposrtron and depesrted egg masses on any~ B
‘available solid substratum. This was alsoiobserved in the field,
‘where spawn weretréquently attached to Chaetamorpha I/num Ulva .o
- sp., and submersed branches. Egg masses, often all at the samé stage :
of devélopment, were usually found in aggregates under both
\ laboratory and freld conditions. _
Hamrnoea callrdegen/ta egg masses were charactenstrc of
Hurst's (1967) type D oplsthobran eqgg mass The masses were
attached to the substrate along thz ength of one side. They were
) sllghtly curved i in shape, a result of the adult turning slightly towa:da :
‘the mass dunng ovrposrtron. «‘Egg mass shape was varrablewrth size:

- small masses (10 x 4 x 4‘rnm) were almgst ovate, and larger masses

L (upto32x5 x5 mm rn size) were cylindrical. A typrcal mass

, produced by a 26 mm Iong ‘adult was 15 x4x4 mm (Fig. 10a).
’ ‘Eggs were rndrvrdually encapsulated and arranged ina
contrnuous string. This strrng spiraled through the penphery of the
egg mass (at a depth of approxrmately~1 5 mm, although this was
vanable Flg 10b) Ieavrng the center portron of the jelly free of
- embryos Egg. rnasses contarned ah average of 21 eggs/ mm 3 egg mass
5 (n- 10 egg masses), for a total(of 200 to 700 'eggs per mass. Density
of eggs was variable within a single mass, as well asbetween; masses.
 B.Deyelopment: . |
"The eggs were a bnght orange- yellow Uneleaved eggs
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measured 230 x 21 gum and were encased in a 410 x 330/.tm capsulé .
(an 11% Development was synchronous wlihm the mass. The major .
din Tablee/ The rate of ‘
develdpment mcreased with the temperature of the cylture conditions

developmental features have bean summariz

(Table 6); those mentioned here are of embryos cultured at 15 0C,
‘“j Each-egg urderwent 2 mitotic dersmlgs and subsequently
' .:cléaved ina splral pattern The frrst clggvage occurred 24 h after
spawnrng (Fig. 1 1b). The 2 daughter cells were initially wndely
separate although connected and then pulled together before the
.§econd cleavage((46 h; Fig. 11c). The second cleavage produced 4 cells .
- which rounded together until they were difficult to dlstrngmsh, The
© first 2 cleavages were hploblastic and almost equal Th“e third
e fleavage (51 h) produced the first quartets of micromeres and =
magromeres, and subsequent cleavages (Fig. 11d) produced a blastula
i ' by day 6 (Fig. 11e). Gastrulatron was completed by day 8 (Fig. 11f)
‘ The cephalopedal rudrment was visible on day 10. C)haappeared
: .by day 12, accompanied by t_he appearence of the postenét shell gland
(Fig. 119). ‘The embryos began to rotate .irregul‘arly within the
“capsules. The loot and velanif%?jiments bécame distinct ‘by day 13 (Fig.
11h). The shell was also more vusrble at thrs time, as it slightly
constricts the postenor quarter of the yolk mass. Rotation of the .
‘ vellgers was more regular By day 14, the velum was bllobed ciliary
beatrng was metachronrc .and by day 15, the velrgers could arrest
) beatmg of tha\ptlra for shor* "emods ay day’ 16 the operculum was -’ |
: -present, and the shell had grow:: anteriarly to the base of the
tcephal pedal complex ard *ad separated sllghtly from the developrng
'dlgestlve glands (Frg 11i). As the shwil developed over the riext 3
" days it grew through a 90 ©  curvature to the left and rounded above "

the veluger threugh 11/4 corls The body whorl protruded sllghtly fo.



. the left as the shell and mantle ,moved anteriorly. Further growth of "
. the shell mainly involves deepening:of the whorls until after
metamorphosis. B S |
By day 16, the veligers were able to reverse the drrectron of the .

‘clliary beat,laccompanred by .a corresponding change in drrectron of
rotation within the capsole The rate of rotation was slower, as the
veligers became rounder and frlled more of the.capsule. On day 18, «
. the statocysts were visrble and the 2 digestive glands were rounder |
a although they were still yolky>. Eyes were visible on day 20 and on day .
22, the esophagus was vrsble and the intestine was begrnnrng to
coalesce (Frg 12a)
8 - Slight flexions of the velar Iobes were aIso observed on day 22
indicative of contractlons of the developrng larval retractor muscle.
Complete retraction was abserved on day.25. If disturbed, as with P
bright light o"r sudden moyements of the culture dish, the veligers =
~ would rapidly retract, and rémain in their shells for a few seconds to |
several minutes. They would then slowly extend their velum and begin .
rotatingfgaln. The propodium devéldpe’dover the period frem 21 to 25
days. _ '
‘ By day 25, the stomach and 2 drgestrve glands were drstrnct
The heart developed durrng this perrod and contractlons were visible
R by day 29. The anus was also evrdent by day 29 at the post- torsional .
position on the anterior right side of the larva, posterior to-the_ he‘a‘d:
Capsular albumen‘was not visible at any time during the enoapsulated
. 'beriod. L = - - . |
- | - Hatching generally oocorred over‘a period of several days (.3 to
d duratron) beginning: approxrmately 32d after ovrposrtro\n Some
rndrwduals hatched as velrgers (Frg 12c), but the majority

metamorphosed wrthm the egg capsule (Frg 12d) and hatched as

rl_.‘
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juveniles That is the cilia were cast off, the velar lobes resorbed
the head narrowed, and the eyes pulled closer together Within a few
days of hatching, the foot began to elongate posteriorly, and the shefl
) had shifted toward the adult position, so that the center 'ot the |
aperture became positioned \slightly/to the right of tig head. Avfev;
days hggore hatching, the jelly mass began to softan and deteriorate
_and was colonized by ciliates and nematodes, as is ch'a’racteristic for
. oplsthobranch egg masses (Davrs 1967). Hatching of both veligers and
juvemles occured in the same way. The embryonlc capsule softened .
“and splitas the larva probed the linlng with its foot, allowrng the .
' ‘mdlvndual to escape, This process took gpproxlmately 1 1/2 to 2 min , .
after the onset of the softening of the capsuie After the Iarva had
emerged from the capsule it slowly crawied out of the jelly mass. -
Extracapsular metamorphos1s occurred as described for .
metamorphosrs wrthl\he egg capsule. Newly metamorphosed .
' Juvemles with most of the velum resorbed had narrower heads than
- . the veligers (Frg 12e), and the foot was flattened to extend both
. anterlorly to project slightly in tront of the head and postenorly to
- the edge of the aperture. As the foot grew postenorly the operculum
- was lost (appreximately 3: 4,d after metamorphosrs) The velar lobes
were gradually%esorbed except for a sllght extension on the posterior
part of thdlhead which developed into the cephelic lobe buds (Fig 12f).
~+ Juveniles began feeding within 2 to 3 days of metamorphosrs. as
indicated by the dlgestrve glands becommg brown. The bugoal masg,
o radula saiivary(glands,, gizzard, and gizzard plates were 'visible and
functionl\pg 5 d after metamorphosrs Feeding setaevas found inH, |
hydatis by Berrill (1931 )’iweresnot observed. Shell growth"vvas
broader on the left srde of the juvemleand projected posterrdrly, along
the rrght slde of the aperture. Thus, its overall shape changed from

(4
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the velnger coil to a Ionger shell wcth an eﬂ)ngate aperture Growth of

the foot followed the flaring of the aperture and, approxumately 10d
after metamorphosns the pgsterior pallnal complex began to prOject
beyond the body whorl of the shell (Fug 12f). '
C. Determination of Hatching Stage: '

From each egg mass of Haminoea callidegenita , individuals

<

hatched as either pelagic veligers (Fig. 1§c) or benthic juveniles (Fig.

126). There was considerable variation in the veliger to juvenile

(Fig. 13; Table 8}’ .

rT he percentage of total ha_tchlings that emerged as-veligers |

hatching ratio between e'ggkmasseS cultulred'urider ide?al 'condiﬁdns

“Varied from 9.02 % to 71.57 %, although most mas&ds fell within the
30 to 50 % range. The egg mass with the sﬁ\allly'est veliger com_;;onent
(9%; mass# 5 in'Fig. 13) was g medium sized mass (approximately 400
hatchlings) and h_a'tcl"li'ngﬁccurred ovér a long period (10d; Table 8).
The relatively lengthy hatching period could account for the large
juvenile component. The mass with the Iafgestiveliger component .
.(ZO‘Ve,; m'a/ss_# 7 in\ Fig :13) was a Ia_rge_ mass%(approximately 600

~ hatchlings) and hatching occurred over a short period (3'd).. Only one

.other mass had a 3 d hatching period (mass # 6'in Fig. 13)ﬁ
-approximately 40 % of the hatchlings emerged as veligers from this ’

( / mass. M&ss # 6 was also very small (150 hatchlmg*s)

From one egg mass, hatchlm,gs emerged over several days (from .

3to 11.d in the masses |Ilustrated in Fig: 13), and the relative .
propomons of velugers and juvemles changed throughout this period.
A comparison of the percen of daily hatchlings that emerggd as
vehgers oras juvemles (Fuf& and b) showed that the pﬁ)portnon of
vehgers decreased and the propomon of juvenules mcreased with

tnme Thns |s to be expected as juvemles represent a Iater stage of
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 date of o'viposition) Despite scatter caused by‘temporal diﬂerehces

-

development. The estimation of the ]uvehile'comvpo'nent is probably
slightly hrgh as obServatrons were made every 24 h and veligers have
been observed to metamorphose within this time interval.

There was a few day$ variation 1n the onset ol hatching between |

masses. This vanabnhty was reflected in Frg 15a where the percem

daily hatchlings that emerged as veligers was compared agamst' a h_me <

.interyal including the epcapsulated period (i.e., day. 1.represented the

.

~inthe o$set of hatchrng the same drstnbutron of the developmenig!
S (

stages (l.e., veliger or Juvemle) at hatchnng was vrsrble in the .

individu®&l-masses, as if coThpared with day 1 representmg the first

. day of hatching (Fig. 15b). Ba\ca,u_se of the variable nature pf the onset

- of hatching, in this section Day 1 is assighed to the first day of

hatching’ per egg. mass.

Given the variability observed in this system, atterhbrt-s were
made to manipulate the veliger to juv_enile hatching ratio by altering
two 'environmental factors: temperature and the availability of oxygen.

Dat¥ are presented as plots of mean +- standard error (Fig. 16,17,and

ot

~18). | - .

. Entire egg masses »ﬁeremaintained at9 9 (n=10), 1590 (n=9),
and 21 °C (n=10). The masses raised at 9 °C (ambient seawater

temperature during the experimental period from May to June, 1986)

- showed a high incidence of abrormal develdpment and mortality;

therefore, these data were:disregarded during further analyses. A“
comparison of the percent daily hatchlings that emerged as veligers
(the veliger component) between the 15 and 210C cultures revealed
that there was a slight decrease in the number of vehgers released per
day with an increase in temperature (I e., an increase in the relahve
proportron of juv_eml_es), but thgre was also sufficient variation to .

LI
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encompass the dnﬂerence between these 2 condmone (Fi)d 16) The
R rate of decrease in the number of vellgers released was comparabke
- ¢(between the 2 conditions.

It has been sungested that in opisthobranch egg masses, the
' jelly affects oxygen diffusion so that O tension is lower in the center .
of an egg mass than &t the penphery, thus slowing the rate of
development in the central ernbryps (Stfathman’n, 1987, pers. comin.)
a’lthough‘ this has yet to be demonstrated. Oxygen tension was
considered a potentially influential factor in thé development of .
Haminoea ca/lidegenite which produce thick’egg masses (a mean size
of15x4x4 mm).. The effects of oxygen zoncentratnon weseQ
indirectly exammed |n the following set of gxperiments
H. callldegemta egg masses were subduvnded into 3 groups 1) entlre
‘egg masses; 2) masses Qut transversely into 2 mm thick slices to
examine the possible effects of decreasing the distance-nec’essary for
oxygen cﬁffusidn; and 3) encapsulated embryos that were separated
from the jelly layers altogether to examine the possible effects of
completely removing the diffusion barrier produced by the j’elly\ mass.
| Encapsulated embryos could be raised successfully wnthout the ‘,
additional mvested jelly Iayers There was a success rate Of 400 °/
hatchung of seemmgly normal vehgers and juvemles which proceded
‘. to metamorphose (in the case of the veligers) and grow at the expected
conditions ' (0.02 mmv/d, as in Fig. 20).

Vehgers fr m entu'e and slnced egg masses showed

rate, under laboraté

approximately-the same hatching rate (Fig. 17). Approxtmately 60 % of
the hatchlings released at the onset_of hatching (Day 1) were veligers.
/? The veliger component decfeased to approximately 5 % of the ~
. hatchiings by day 7, and to 0 % by the end of the hatchingeriod. -
However, embgyos that were separated from the jelly mass showed

3 .
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approximately 70 % hotohllngs released as veligers and this 'ralo |
remained relatively consistent fhroughout the hatching ‘period‘.. but S
decreased to 60 % on the last day of hatchlno (da‘y 9). . o
Ina eecond set of experiments, embryos were again isolated and "
introduced to a variety of conditions, all at-15 ©C. The conditions,
© were as follows 1) embryos only (control condltlons) 2) embryos in.
dishes containing Chastamorpha linum, the adult food gource; 3)
. embryos in dishes containing péecec of egg:mass jelly; and 4) embryos i
in dishes that were cantinually being gently aerated.
' The embryos in subset 4 '(th'ose con{inually aerated)!how,ed an
| unusually high proportion of abnormal development and mortality, and,
'the’refore were excluded from funher analyses and comparisons. Data
from the remaining 3 subsets are presented in Fig. 18. |
lsolate@embryos showed hatchmg ratlwcomparable to those
of the prevuous experlments 90 % of the hatchlmgs were veligers.on =
day 1, decreasnog to ?5 % on the last day of hatching (day 5). Embryos -
cultured in water containing Chaetamorphg showed similar resuits
(73 % released as vellgers on day 1 and 85 % on the last day, day 4).
/ However, embryos cultured ip water containing pieces of egg mass”
jelly followed the same pattern epicted by hatchlings released
from entire egg masses: 72 % atched as veligers on day 1, decreasmg
. to 0 % on day 6, the last day of tﬁe hatchmg period.
-D. mducnnn.oLM.etamnmb.Qm
Althoubh metamorphosis can eccisr within the egg capsule it
was examined in lndlwduals hatched as veligers to see if the‘”‘ﬁté“‘b‘é\/\
metamorphosis could be enhanced by substrata collected frqm the .
adult habitat. Four substrata were tested, all of which werp
frequently observed in assocuatlon with small juvenites in the field:
Ghaetamorpha Ulva (both grazed by the adults and 1uvemles in

1
o
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. feedlng) srlt and egg mass jelly These data were compared to the

i rate of metamorphosrs*of embryos marntalned in flltered seawater
/? (control condltlonﬁ) Metammphosrs oocurred ln all of these |
' condltlons (Eyg 19). The preseﬁce of Chaetamorpha Ulva, and egg
mass jelly enhanced the rate of metamorphosrs such that lt took 9 d
) for every veliger to have successfully metamorphosed rather than 20 -
‘ d ‘in the control condmons Cultures contalnlng siitasa posslble
'substratum showed a rate of metamorphOS|s comparable to that of the
- lcontrols Cultures contarnmg water onlr or wrth srlt had hlgher
: mortalltles (5 0% and 57% respectlvely) than dld the cultures
'contalmng Chaetamorpha (2.9 %) Ulva ( 9%1 or egg mass pleces (0%,
Table 9) o , _' B
E Post-Embryonic Growth: L
‘, Vellger growth (measured as shell growth) drd not occur even in
- : , those mdrvrduals that remalned pelagic for a 2 week perlod Yolk
| ,reserves were gradually depleted but otherwrse the vellgers appeared
" unchanged | | |
| : Gl%th of juvenrles was recorded over a 260 d penod Juvemles
- grew at an overallrate of 0. 02 mm/d (Flg 20) The initial growth rate ~ -
was O 04 mm/d. Growth rate slowed after 100 days, accompanred b
‘an mcrease in mortallty The smallest ammals observed producrng e:} o
B .masses were 13 mm |n length glvmg an estlmated age at maturlty of |
580 d, based on laboratory observatlons

mscussron Ebeel
'l, Hamrnoea callrdegenlta n sp., produces cyllndrlcal egg masses
Wthh contaln eggs that are 230,Am in dlameter From eachegg—mass
lecuthotrophlc hatchllngs were released elther as vehgers or as

. 1uv_em_l'e_s_. Most,of the h;atchlrngs that emerged early in the hatchmg
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penod were vehgers and most of the later hatchlnngs were jUVGI‘\IlBS

ot

| development‘ o | ¢ ‘ s
~“There was-a certain amount of variability in the percent of total
hatchllngs that emerged as veligers among masses cultured v o
N smultaneously under identical condltrons Although mass size and the
. duratlon of the hatchlng penod probably affected the hatchlng ratio of -
a partlcular egg mass, it seemed that there was a greater variance
' 'than could be accounted for by onjiathese two components (Fig. 13)
Attempts were made to m’pulate the the developmental stage |
at hatchrng Although tempe\ature was mfluentnal in determmlng the |
~rate of development (Table 7) it dld not appearto be a major factor |n '
| 'determlnlng the developmental stage at hatchlng (Flg 16). One
-::nnterestmg observatlon ansrng from the temperature expenments was
that embryos cultured at 9 °C showed a high mcrdence of mortallty
~ _and abnormal development while embryos cultured at 1 5 arld 210C
B developed normally. Survlval at9 °C seems possible for an lntertndal o
. species and .iin'partiCUlar’ one known to reproduce during the v‘Vinter
- months (a few viable egg masses were collected in Spencer s Splt in ~
: February and November 1985). Perhaps a contlnuq,us exposure to cold
conditions as experlenced in the laboratory was detrimental.
- The expenments desrgned to mdrpctly assess the effects of
- oxygen tensron on the hatchmg ratlo were mconcluswe The veflger
,’ components fok entire and sliced egg masses were similar throughout ’
the hatchnng- period (Frg 17), mdlcatlng that 02 dlffusmn was elther .
not strongly affectet?by an lncrease in the diameter of- egg mass
Jelly, or, if affented was not a hmutmg factor in H. callrdegemta 8

‘ development lsolated embryos had a hlgh velrger component possrbly

~the remar_nr_ng,layer of jelly i in th_e slrcedegg .masses .was_suffrc:ently _
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thlck to slowly decrease the rate of 02 drffusrcn and to delay hatching - %
(i.e., to increase the juvenlle component). However, the following ;
results suggestéd that if this indeed occurred it drd not play a major
role in determlnrng stage at hatchrng | e

o Most of the embryos cultured in th@)ence of egg mass jelly
hatched as veligers. When Jelly was returned to a culture chamber

(although not in dir tcontact with the embryes) the dtstnbutron of

developmental stages at hatchmg was sumrlar to that observed in the

-

whole egg masses. Thls suggested that erther the egg mass jelly or .

something on the jelly rnfluenced the devel\opmg embryos in such a

way that in‘dividuals were inhibited from hatching as v:eligers, or were -
‘, in'duce'd to metamo‘rphose within t‘he egg capsule.‘ If the compound(s)’

' ih‘fluencing‘hatching‘ was derived from sbmething associated with. the.

' 'jelly, it Was;appa‘rently specialized' to the jelly as other'c‘ont’aminants
(such dsthe diatoms, prrmary frlm etc. present on Chaetamorpha
Imum) failed to proauce the same effect. - | |

_A It is possible that egg mass Jelly functlons not as passrve
envetoprng layers but rather plays an actrve role in the development
of l‘? callrdegenrta and in partrcular in determrnrng whether the
hatchlng lorm will be a dlspersrve or- non-drspersrve stage Perhaps B
W’n‘zﬂre of the jelly rs under maternal control That is, an adult .
wh;ch produces a partrcular egg mass in some way regulates the

| GQMponents of the jelly layers to produce amajorrty although not
ﬁexclusuvely s, cf one‘;type of hatchlmg Thrs mechanism is, supported
by the observed vanance bﬁetween masses cultured under |dent|cal
condltlons e | ,_ o |
The observed varrance also suggests ge'tetlc rather than
envrronmental control although the two are not mutually exclusrve

An adult pnor to ovrposltron may alter the components of the

o
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mvestrng Jelly layers in response to envrronmental conditlons at the -

{

trme of spawmng However the Iong embryomc penod (approxlmately
- 32 d) and the fluctuating physrcal attributes of the habltat suggest _
‘thata more direct rnteractron between the 1e|ly and the environment )
may be a sounder strategy. However the potentlal role ot the physrcal
enwronment asa influential factor has yet to: be demonstrated

There also appears to be a certaln amount of heterogenerty

among the Iarvae themselves Wrthln every culture, ‘some hatchlmgs.

’ emerged as vellgers and‘some as juvenrles regardless qu culture

- condntlons or egg mass charactenstrcs suggeStrng that some

mduvrduals are.more sensrtlve than others to the potentral “veliger L
inhibiting compound. This heterogenelty on the part of the veligers, »
and possrbly of the adults as well presents a versatile developmental
strategy grven the potentlal for envuronmental rnstablllty of the
habitat (Clark,. 1975 Chapter 6).

.k A mllar hatching process has been observed in H. hydatls
. Lrnne‘r

ill, 1931). H. hydatis produces lecrthotrophlc veligers that
%J ! hatch vvhen cornpetent to m_etarnorphose. Some hatchlmgs settle’ and
o metamorphose immediately, whereas some remain pelagic for a few
days,; However, metamotphosis within the embryonic capsule was not |
“reported. Given the simildrity in the hatching process of these two
‘congeners, it would be mterestrng to attempt similar manipulations of
H hydatls development S h
Although metamorphosrs drd occur wrthrn the: embryonrc
capsule the rate of metamorphosrs in rndrvlduals that hatched. as
veligers was enhanced by the presence of Chaetamorpha I/num Ulva
sP- and egg mass jelly (Fig. 19) B R S
One problem with the desrgn of the metamorphosrs expenments

" was that whrle chloroxed cultire chambers were used at the;onset of
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_. the experlment dishes were not re-chloroxed throughout the
experiment. Itis poss'ble that the development ofa prrmary film
derived trom the mtroduced algae or egg mass jelly was the functlonal

r mducer rather than the lntroduced substrata However the. rate of

metamorphosrs of vellgers cultured with sedlment collected from the

" same habitat as the algae (possrbly colomzed by the same or slmllar[

contammants) was srmrlar to that of the control conditions ( 1 I

- filtered SW only). Whether the actual metamorphrc enhancer was the

mtroduced\substrata in the case.of.the algae, or egg mass jelly, or the

associated contaminants (i.e., the epiphytes, diatoms, bacteria,

 ciliates, etc.) is undetermined. In the fie‘ld,‘adults and large juveniles -

~ have been observed on the surface Sediments, and the majority of
individuals and egg masses are usually found withj@n the mats of
Chaetamorpha or on Bliva blades. ) .g

/
The 3 substrata (Chaetamorpha Ulva, and egg mass jelly) are

N4

consndered as metamorphlc enhancers rather than inducers because .

‘they seem to increase the rate of metamorphosus yet the majority of
vehgers wull settle and metamorphose when they are not present (5 %

»mortallty) Iti is possible that prrmary frlm developed from the

unchloroxed dishes and filtered seawater ("control" condrtlons)vact'e.d‘

‘asan inducing substratum. However the rate of metamorphosis was

increased by specrflc substrata or assocrated contaminants.

Chaetamorpha and Ulva seem probable enhancers as they constrtute

the major food source (grazrng surface for plcklng up eprphytes and :

L partrculate matter) forjuvenlles and adults. Egg massjellyalso - -

seems to provrde a favorable habrtat for small ;uvemles Young
juvemles have been observed feedmg on agerng egg masses in the

'laboratory Whether these juvenrles were feeding on the jelly itself,

~oron the dratoms and culrates whroh colomze the egg masses as they |

-
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begm to decay was not determined. L
" There was a lengthy perrod of vellger competency lfKrolvlng 3
types of metamorphosis. "The: first type (embryonic) oocurred whlle
individuals were still encapsulated The factors whlch control whlch
. embryos will metamorphose before.hatching are unknown, -
" Possibilities include heterogeneity of the embryos ,thernselves and
‘maternal selection through the ‘ooplasm, both poteni ally’in
assocxatlon with the jelly investing layers elther through maternal or
ﬁenvuronmental influences. | i
The second group mvolved hatched vellgers who encountered a

favorable (mducnng) substratum possnbly one Provndlng food suitable
for a newly metamorphcsed Juvenlle ‘The final type myolve'd hatched
yehgers Wthh delayed metamorphosrs for an addltlonal perlod (20 d),
untll appropnate condltlons were met. If these condltrcns \(ere not
- -encountered the majonty of velngers were still capable of
metamorphosns o
: | Juvenrles that metamorghosed dunng any of the 3 types of
,metamorphosrs contained suffncnent (although decreasing) yolk -
reserves to allow several days delay in the onset of feedrng “1f food
| was ava ilable, juveniles began feeding usually wrthln 24 h of |
. __metamor hosis. The juvenrles were eplphytrc and particle grazers, as.

were the adults. They would rasp and ingest particles from the ‘
| surfaces of haetamorpha Irnum Ulva sp., and the glass petri drsh
. They also ras ’ ed partlcles from the surfaces of sand and silt, and from
- the decaymg ofganic matter present in the silt, ‘
H. callidegenita juveniles grew at a rate of 0.02 mm/d under

' l'aboratory condi'ti s. The growth rate slowed after appro*)(rmately

.\\“.
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‘representmg the true growth rate. The smallest induvndual observed to
spawn was approxlmately 13 mm m total Iength or approxnmately 580
dold ata growth rate of 0.02 mm/d At the inltual growth rate of 0.04
mm/d,a13 mm individual w0uld be approxnmately *0 d old Even

this generous m.terpretatlon of the growth rate was too slgw
account for 9ro\'~th'in an annual sbeciee exhibiting a m4
T (observed) size of 36 mm.
- A more realistic growth rate may have been achieved by

ﬁmprovmg the culture conditions. Juveniles were cultured at o

| gpproxlm_ately 15 oC. Warmer temperatures, and /or ﬂuctuatnons in

B diurnal-temperat'ures, may have produced a ‘f“aster rate of growth. The ‘
~ diet.of the ijenilues in culture was probably suffieient as these

. animals grazede variety of particlee. Chaetarho_rpha‘ linum and Ulva
, sp. were proVided i‘n abUndahce énd the culture chambers were quickly
. colonized by duatoms and other algae Quantlty and diversity of the s

: 'food supplled appeared to be suﬁument but thls was duffncult to

" ascertain as the exact dietary féquirements of the juveniles are not

] o

known. N
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Table 7. Summary of dgvelopmental events in Haminoea .

callidegenita n. sp. for 6gg masses cultured at: 15° and 240,
Time is listed in hours (hY'and days (d)

?

¢, “
. Q ‘
p NN
. [DEVELOPMENTAL STAGE JTIME (h.d)  [n=10)
. o T Ls . 2.1_.
|OVIPOSITION - 0h 0h
' [FIRST CLEAVAGE . 24 h 15
SECOND CLEAVAGE 46 h 6 h
THIRD CLEAVAGE 51 h g.h
|BLASTULA R, 6.d 32 h
GASTRULATION : - 7-8 d 36-45 h
CEPHALOPEDAL RUDIMENT VISIBLE 10 d 13d
CILIA AND SHELL GLAND APPEAR 12 d 4d
|FOOT AND VELAR RUDIMENTS SEPARATE |13 d 4.5d
VELUM BILOBED 14 d 4
METACHRONIC BEATING _ 15d / |5d)
| SHELL COILED 1 1/4 TURNS 16 d ~" s5d
. |OPERCULUMVISIBLE 16 d s d
STATOCYSTS AND DISTINCT DIGESTIVE 18 d 6d
GLANDS B R .
[EYESVISBLE ___leod 6d
[ESORHAGUS AND INTESINE VISIBLE 22d 64
VELAR FLEXION % 74
. |coMPLETE RErRAcmf{ 125 ¢ Y
[HATCHING 32.38d l9-15d
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Figure 10. ?hétomicrogréphé of Haminoea callidegenita n. sp.
egg mass. " t e e

e | .

A. Scale bar= 2 mm, N
B. Scale bar= 0.5 mm. - R I

‘ ¢
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Fugure 11. Photomicrographs of the early developmental stages of
Haminoea callidegenita. Numbers listed in brackets below are
the age of the larvae in hours ang days from cultures
mamtamed au 50 C.

Legend -
A. 1 cell stage (0 h). Scale bar= 270,m.

B. 2 cell stage ( 24 h ). Scale bar= 150um. '
"C. 4 cell stage ( 46 h ). Scale bar= 270um. /
D. 8 cell stage ( 51 h ). Scale bar= 150um :

E. blastula (€ d ). Scale bar= 80um.

F. gastrula ( 8 d ). Scale bar= 100um

G. early veliger ( 10 d ). Scale bar= 50um.
H. early veliger (10 d ).'Sczle bar= 100um.
. early veliger ( 16d). Scale bars= 90/wn

b - blastopore.
f- foot. , :

fr - pedal rudiment. | : ‘ )

sh-shell. - o S U

v-velum. :

vr - velar rudiment. |
y - yOIk. ’ . - . 7
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Figure 12. Photomicrographs of the development of Haminoea

-

callidegenita veligers and juveniles. The numbers listed in .

. brackets befow are the-age of the veligers and juveniles ( in

days; animals were maintained at 15° C ). §
, - Q ‘
Legend:

TA. unhatched veliger (22d). Scale bars 100,um

B. uMhatched veliger ( 28 d ). Scale bars= 100um.

C. hatched veliger ( 1 d hatched ). Scale bar= 10Qum.
D. unhatched juvenile (33 d ). Scale bar= 100um

E. juvenile ( 3 d hatched ). Scale bar= 164um.

F. juvenile (12 d hatchéd ). Scale bar= 30Q,.m.

bw - body whorl of shell.
clb - cephalic lobe bud.

dgl - digestive gland o
e - eye.

N

- foot. | S ¢

02 - gizzard.

i - intestine.

Ir.- larval retractor muscle.
m - metapodium.

“mp - mantle pigment.

0 - operculum.

" p - propodium.
rsv - resorbing velum.

sgl - salivary gland.
sh-shell. .

B
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Flgure 13 Hatchmg in H inoea callldegémta egg masses: values
i plotted are the pet 1t of. total h;atchhngs per mass that
. emerged as veligers (n = 9 eggmasses marntamed at15 o ' C).

[ . . . .
LRV ' : e
: , s
i
> PRE IR

J Tlabie’B Hétch’ihg in Haminoéa calliddgenita : values 'Iisted Ere the

| total number of hatchlmgs released from each egg mass and
v the duration (in days) of the hatching penod (n =~9 eag
‘masses, mamtamed at1s © °C.
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Flgure 14. The d:stributnon of developmental stages at hatchmg
© examined throughout the hatching period (d) in Hamrnoea
. callldegemta n.sp. Values plotled are the percent of daily
. hatch!mgs that emerged as veligers (A) or as juvemles (B).
n = 9 egg masses, all maintained at15° C).

| Legend;
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anure 15 The distribution of developmental stages at ha.tchmg in
. Haminoea callidegnita n. sp.. Values plotted are the percent
of daily hatchlings that were reteased as veligers. (A) )

~ encorporates the entire developmental period (i.e., day 1=the

date of oviposition for individual egg masses, although only

dates involving the hatching pernod are shown (d31to d45).
- (B) depicts the hatching penod only (i.e., dayi=the ﬂrst day of

~ hatching for individual egg masses regardless of date of

oviposition), expressed for the.samie time interval as plot (A).
n=9 egg masses, all maintaiped at 15° C | %

: Legend:
.y Mass #
o
[
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37
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Figure 16. The effects of temperature on the developmental stage at )
hatchung in Haminoea callidegenita . Values plotted are the -
means with standard error bars for the percent of daily
hatchlings that were released as veligers. Egg masses were
cultured at 15° ( A, n= 9 egg masses) and at ‘

219C (B, n=10 egg masses). - | v
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Figure 17. The effects of removing egg mass jelly on the _
: developmental stage au:satchmg in Haminoea callldegemta
. Values plotted are the mgans with- sdtandard error bars for
the percent of daily hatchlings that emerged as veligers from
‘three groups of egg. masses: A (solid squares)- embryos
separated from the egg mass jelly (n=10)entire egg masses
(n=9), sliced egg - massess (n=10), B (solid diamonds)- egg
masses sliced into 2 mm thick segments, and C (open boxes)
entire egg masses. Embryos in all three treatments were
cultured at 15° C. - :

-
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Figure 18. The effects of raising separated H . callidegenita
embryos under three-culture conditions: A (open boxes) in
seawater only (n=10), (solud squares) in seawater plus ‘
Chaetamorpha linum, and C (solid diamends) in seawater plus
~ egg mass jelly. Values plotted are the means with standardw .
error bars for the percent of daily hatchlings that emerged as
veligers in cultures maintained at 15° C.
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anure 19. Metamorphoms of Haminoea callidegenita ;xpressed as
4 the number ¥individuals that had swccessfully completed
L metamorphosis by-the indicated day, as a percent of the

original number of veligers pef substratum.

L3

g Legend: B ' N
: ¥ Substrata:

seawater only .
Chaetamorpha linum Ty |
Ulva sp. 1 o :

sediment

egg mass jelly -

moom>» -
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CONDITION % MORTALITY
sea water 60 _5
Chaetamorpha flinum __35 : g_g B

-{Ulva sp. 35 o 0
sediment 35 $.7
eqg mass jelly 75
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anure 20. Growih of. Hamrnoeé callrdegemta juvemles from the
time of metamorphosns (day1 n=1 1]uvemles all mamtalned ,
at 2100) . o
'l.\egend: .
<+ Juvenile #
10 -,
4y
B B
I
5.
. ) ' | 7 -‘ ’
v, 9
18
17
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CHAPTER 5 o
THE DEVELOPMENT OF HAMINOEA VESICULA GOULD
(OPISTHOBRANCHIA CEPHALASPIDEA)
| INTRODUCTION - e 7
- Haminoea vesicula Gould 1855 follows. the p m‘gf |
| ~development charactenstrc of other planktotrophnc o f\'obranchs o ‘
(Thompson, 1967; Chia, 1971; Harris, 1975; Chia and Kgss. 1978), J d | -
e in particolar is similar to the planktotrophic Haminoea soliiéria‘ Say ..
1822 ( Smallwood, 1904 a and b; Harrigon and Alkon, 1984). The early
"embryological stage's of H. vesicula were described by Leonard (1918),
who concentrated mainly on spindle formation and early cell.l'ineage. '
| However ‘the later embryology and Iarval'development of H. t/esioula
have not been described, despnte the fact that populatlons of adult H.
vesrcula are common in muddy bays -along the Northeast Pacitic coast
~ In addition, the observed high fecundity of thns spemes (Chapter 6)
suggests that \lhe vehgers potentially constltute a Iarge proportion of
. the planktonic co.m_mumty, at Ieast within the adult-inhabited bays. -
The objective of this ohapter is to present a brief, descriptiver
account of the en‘wbryol.og‘y, larval, and juvenile ’development of
Haminoea vesicula . In Chapter 6 the descrnptlon will be contmued in
a companson with H. ca/lldegemta n.sp., a sympatnc specnes with
lecuthotrophnc |arvae

' MATERIALS AND METHODS:
A. Qo_eotmand_cunmmm .
* Adults and egg mﬂs of Hamrnoea vesicula were. collected
from Grappler and Bamfneld Inlets, Barkley Sound Bntnsh Columbra
o throughout the penod from May 1985 to July 1986. Cutt_ures were
AR
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mamtarned at Bamtleld Marine Station, Bam fl ] Bntlsh Columbia.

\
N,
Y

Adults were marntamed in glass aquaria wuth contrnual flow
- of seawater at amblent condlttons (rangemg from 9.to 14 °C) and
- supplied with Zostera marina and Ulva sp. for food, both collected
from the adult habitat. Egg masses were collected |mmedlately .
following ovrposmon and maintained in glass or Pyrex drshes at
amblent seawater temperature (9 to 12 9C). Culture water was
| replaced daily with bag-filtered (1 /,tm) seawater. The development of
embryos produced in the laboratory were compared to those in egg
masses collected from either Bamfleld or Grappler Inlets. o
Flakes of cetyl alcofiol were added to each culture one day
before'hatching to prevent the hydrophobic veliger shells from being
-entrapoed in'the surface tensi"on (Hurst, 1967). Newly hatched
velrgers were removed daily and cultured usnng the technique. of Kempf
and Willows (1977), with the exceptlon that antibiotics were '
generally not used. Vellgers were malntamed at concentrations of 0.8
to 1.0 larvae/ mL. Several unieellular algae were supplled as food (at
kconcentratlons of 10 5-cells/ mL), mcludlng Dunallella spy
Tetraselm/s sp Thal/assosrra sp., and Cyclgtella crypilca ).
HoWever because of lmprovement in Iarval growth and surwval equal
proportlons of Isochrysrs galbana (Tahltlan stram) and Paviova lutheri
were used most frequently. All vellger cultures were cleaned and fed

- every. second day Vellger growth rates were determined every second .

- day by meaSurlng the shell (Iength X wrdth) of 10 mdlvaduals u‘f‘each of

. ;;B Mﬁlammmsrs

10 cultures W|th a callbrated ocular mlcrometer rn a Relchert

kY

mlcroscope »

1 Several technlques ‘
metamOrphlcln cef: H‘- RS :'_onsndered
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comp’etent to metamorphose when they exhibited a well developed
propodlum maximum shell size (240 x 180/u~m) and changes in
swimming behavnor rncludmg prolonged periods of swimming near the
‘bottom of the. culture vessel. These veligers were placed, elther
lndlvrdually orin groups of up to 100 larvae, in culture chambers
contalmng one or a combination of potentially inducing substrata all
of which were freshly collected from the adult habitat. Substrata
used were: adult H. vesicula , Zostera marina , Ulva sp., surface '
sedlment, and cultured primary film. Cultures were maintained at the
9to 129, 14 t0'15° or19t023°C "and were. either observed and
cleaned daily, or were left undisturbed for vanable periods of
stagnancy (2 to 5 d). Cultures were malntamed until metamorphosus

~ had occurred, or until all the vehgers had died.

C. Determination of Juvenile Growth:

“Juveniles were obtained either through metamorphosis induced
in the Iaboratory or by field collections in the autumn Juvenlles were
. cultured at 14-15 0C,in 60 x 15 mm Pyrex dishes. Juvenlles greater
than 2mmin Iength were transferred to chambers wrth a'gentle,
continaus flow of seawater. These chambers consisted of 500 mL
Tripour beakeL/s/wgl the bottom replaCed.with_542/4m Nitex mesh and
were partially' submersed in a seawater table. Juveniles were:
" supplied W|th Zostera manna Ulva sp., and pnmary film for food
Cultures were cleaned dally (|n the case of the Ryrex dishes) cr weekly
' ('fripcur beakers) and the focd was replaced as required. Growth
measurements (total body length) were taken when the ammals were
actlvely crawlmg, erther with a callbrated ocular mlcrometer in a .
- Wild M- 5 dlssectmg microscope, or for the larger juveniles wuth a
Canlab ruler

=
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RESULTS : | |
A. Qviposition: o g ..‘
" Oviposition of Haminoea vesicula under laboratory conditions |
tcok place most'trequently in the morning, although adults were
observed laying eggs throughout theday and during the evenmg Under Q
 both laboratory and field conditions, egg masses were attached along
one edge to any sohd substratum . 4
H. vesrcula egg masses were rrbbon like in shape (Flg 21a) and
typically 36 x 5x1mmin size, as produced by a42 mm Iong adult.
Thq_egg masses were of opisthobranch Type_ A (Hurst,1967), and were
often attached to the substratum ina "C" ehape.' eggs were
individually enCapeulated, and arranged in. cchtinuous s;tring which |
~ wound back and forth through the mass tngarallel,xclosely-aligned ¢
rows (Fig. 21b). There was an average of 180 eggs/ mm mass (linear),
for a total of 10 000 to 300 000 eggs / mass. |
& B.D | 1t of Encapsulated Embryes and Larvae:
The eg‘gs were‘ yellcw _in colour, and measured sgum in diameter
(Fig. 22a). Development was synchronous within an egg mass (Chaffee
" and Strathmann 1984). The major developmental events are
‘summanzed in Table 10. -The r&w-of deyelopment increased mth an
increase in temperature (Table 10); times mentroned here- are of
individuals cultured at 15 ©C. | i

Each egg underwent 2 holoblastlc divisions, and subsequently
. ﬂt

[ ?shton (Fig. 22b to e) and produced a blastula:
apprcxirnately ‘ﬁ’after oviposition (Fig. 22f). Gastrulatuon by
| invagi'n’atior;e o} rred 26 to 35 h after ovnposmon (Fig. 229).

« Trochophgres developed within 3d (Frg 22h), each producmg apedal

ndge Wthh separated into pedal and velar rudrments at4d (Flg 22i).
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- The velum was pilobe& (Fig. 22j) and “the cilia were caeable of
-metachronic beating at 6 d. - The shell gland appeared at 45d, and the
' shell grew anteriorly overa2d period te' form - Thompson's (1976)
type-t larval shell, comprised of'0.75 whorls arranged' ina planar
~spiral (Fié 2ék) The statocysts opereulum and pedal cilia also
appeared at thns time. As the larval shell and underlylng mantie
became more clearly def‘med‘, the digestive organs coalesced, and a
 distinctive bright red larval kidney appeared (at 8 d; Fig. 22k and ).
The larval retractor muscles became functional at this time, and the .
veligers were capable of eomplete retraetion if jarred or exposed t? a
sudden bright light.
Hatchmg occured approxumately 9-16 d after oviposition. The
: gelatlnous matrix of the egg mass softened and was colonized by
ciliate protozoans and nematodes.‘y{%wg process differed from
that observed in H. callidegenita veligers pter 4), but was similar
| to that of H. 'ahtillarum (Davis, 1967). The egg capsules along the - |
mar.gihe of the mass softened, and the t/eligers broke through by rapid -
' back and forth motlons against the capsule walls. The edges of the -egg.
;_mass d|suntegrated gradually proceedlng inward, until fmally the
‘innermost veligers hatched and escaped. Newly hatched veligers had a
shell length of 120um. a
- C. Growth of Hatched Veligers: ,
| _ Ingested particles were hot‘ed in the stomachs of veligers 1-2 d
post hatching (th 23a). Veligers remained pelagic for 30 to 35 d (Fig:
- 23ato d). During the pelagic penod they mcreased in shell length at a
rate of 1.63unv d (Fig. 24). Vellgers were actlve swnmmers and
remamed at thetop of the culture dish throughout most of the pelaguc
penod. There was a high monrtality of veligers at9to 12 d and again
at18t024d (Fig. 25). Veligers whiCh's’t:rvived these .pefiods grewto
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| an; approximate shetl length of 180um, showed a well developed -
| prepodium (Fig. 23¢c and d), and under\;vent behavioral changes such as
swimming near the bottom of the culture dish. Competent veligers -
were‘p|aced in dishes with a veriety of substrata in éttempts to
induce metarnorpnosis. : % |
. Metamorphosis: |

r Inducing metamorphosis in H. vesicula proved difficult. The
act‘uali inducer(s) remains ‘unknown.' but metamorphosis 9ccurred ina
few Veligers maintained under the following cond'itions. ‘Competent
'\religers were placed in 500 mL Pyrex beakers containing one of oi -
various combinations of: § ¢ growth pf primary film, Zosrerfi marina ,.
Ulva sp., and adult H. vesjcu/a : lsochrysis galbana and Paviova lutheri -
were provided for food. Cultures were left undisturbed et ambient
seawater temperatures for 3 to 4 d, then searched for .remaini'ng
veligers orju;/eniles " Experiments involving ene or a combination of 2
: or3 of the above substrata were unsuccessfu| Metamorphosis
occurred only when all the substrata were present
E. GLQMH.QLJ.UMEDJI&S ,

All juveniles that m.etamorphosed in the laboratory had initiated
feeding and growth by the first observation (upto4d
_ postffﬁletamorphosis; Fig. 23e). Subsequent grthh was similar to '
that of H. callidegenita (Fig. 23f, and Chapter 4). Under (laboratory
conditions, juveniles grew at a rate of 0.04 mm/d (Fig. 25).

DISCUSSION:

Haminoea vesicula produced. planktotrophic larvae which

«Q

~ hatched after a period of 9 to 12 d. Thie veligers grew continuously
'throughout the pelagic penod ata rate of approxrmately 1 63,um/d
The general pattern of development was typlcal of that of -
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planktotrophic opisthobranchs (Thompson, 1967, 1976), and in |

partlcular was similar to H. solitaria Say (Harrigan and Alkon, 1984).
| H. ves:cula veligers dttfered from the lecithotrophic H.
callidegenita veligers '(Chapter 4) morphologically and behavnorally
.Morphologucally, H. vesicula veligers were smaller, contained less
yolk, had a greater differentiation of the dig;stive system, and had a
prominent, red larval kidney. Behaviorally, H. vesicu‘la were much -
; strongerlswimmers, and generally remained high in the water column
of each culture dish until ~n1etamorphic competency was reached. When
competent, H. ves_icula veligers dropped to the bottom of the culture
' chamber, whereas H. callidegenita veligers remained at the bottom
throughout the pelagic period. These characteristics are tYpical of
, long;tebrm planktotrophic opisthobranch veligers, and of lecithotrophic
veligers that are competent at the time of hatching (Thompson, 1967).
Experiments involving the induction of metamorphosis of H.
vesicula veligers were inconclusive.l The substrata that actually ‘
induce metamorphdsis remain un@termined, although metamorphosis ,
. did occur if veligers were provided with a combination of substrata |
from the adult habutat It is unknown whether a combination of a few
- or even all of the substrata were involved i in mducung etamorphosus
~ or whether they provided the vehgers W|th a compon nt (possbly
nutrmonal) that enhances veliger survival until metafnorphos:s takes
place. However it appears that competent H. vesjcula vehgers will
no.t settle and metamorphose when exposed to yémary film only, as
occurred in H. solitaria (Harrigan and Atkon, 1é84)
Data obtalned in the mductlon of metamorphosns in H. vesicula
alsggsuggested that in this species, metarn;{rphosus requ:res a period
during whlch the competent larvae are uydlsturbed (possnbly involving

stagnant condntlons) Adult H. ves:cula/were found in quiet bays only,
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often in enclosed, staghqﬁt{are'asg ] ﬁ,un’ia\'gusjnggulai sof M. vesicula
' R T L R SIS . )
were found in both Barkley Sound arb Thg San Juan Islanﬁs, suggesting
R , L ) e “.‘-_ \! 'i K ] \{3 } " ‘y‘“
that in.the field, inducing substrata afe\&gmmwkgnqgummm
; er‘rs appeared healthy, it
: l '

~ while the laboratory cultured H. ‘wsic\ul;ili
is possible that they we:re' Iackinha"aqutriti‘c;; component required
either for the survival of a lengthy pelagic peri_od;or for o
hwetamorphc;sjs. This was supported by the observed variation in
~larval growth and moﬁality. | A

" H. vesicula juveniles were morphologically similar te'those of
H. céllidegenita , although initially smaller. JUvq@ileirgrowth was also
similar between the two species, although H. vesicula grew slightly

more rapidly.
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Table 10. Suﬁ\mary of developmental events for Hamfnoea ves:cula
embryqs cultured at 15° and 21°C Times are listed-in hours

h) and qays (d).
LY
.
[
, >
DEVELOPMENTAL STAGE TIME (h,d)

: , ‘ 15 21}
OVIPOSITION oh o ° 0h
FIRST CLEAVAGE 0h ah
SECOND CLEAVAGE {13 h 5 h
BLASTULA 23 h 15 h

~ |GASTRULATION 26-35 h 2-27 h

- | PROTOTROCH 3d 31.h
CEPHALOPEDAL RUDIMENT VISIBLE ad 36 h
SHELL GLAND APPEARS 45d ° 47 h_
VELUM BILOBED 55d 2d

. |METACHRONIC BEATINGOF CILIA _16d 25d -

STATOCYSTS APPEAR:® 17 254d
STOMACH VISIBLE 8d 3d
LARVAL KIDNEY APPEARS .1885d 3d
COMPLETE RETRACTION .‘s’ $8.5 d 4ad
HATCHING |9 16 d 5-11 d




- ?ig"u.'r"e, 21. Photomicrographs of Haminoea “’esiCU/av-'egg.,masst S
A Scalebarstmm. . t
.-~ B. Scale bar= 300um.
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anure 22. PhotOmlcrographs of the early developmental stages of

s Haminoea vesicula. Numbers listed in the brackets below are
o the ages of the embryos in hours (h) and days (d)
T Legend . ‘ ‘*‘a
“A.1cell (0 h). Scale bar= 10Qum.
B.2cell (10 h). Scale bar= 100pm.
C. 4 cell (13 h). Scale bar= 10Qum.
- D.8cell (15 h). Scale bar= 100um.
~+ E.32cell (18 h). Scale bar= 100um.
" F. plastula (23 h). Scale bar= 100um.
G. gastrula (34 h). Scale bar= 100um.
H. trochophore (3 d). Scale bar= 50um.
- g later trochophore (4.5 d). Scale bar= 2C}um.
J. early veliger (7 d). Scale bar= 20/um
* ., K.veliger (8 a). Scale bar= 40/wn
L, vellgi’r 9 d) Scate bar- Sgum

. 'b blasiopore B
- ‘c-cilia | |
- foot - A .
- lntestlne o o
k- latval kldney ' : | .
~Ir-larval retractor muscle ' SR
] '"ma macromere - SRR / S e

mi - micromere- ' R P
.. 0-operculum < N
. s-stomach ; |
& Vevelum 4 A ;

wvr - vglar rudiment S ISR






Fugure 23. Phctcmlcrcgraphs of Haminoea vesicula hatched vehgers ‘
: and juveniles. Numbers Ilsted in the brackets below are days -
+ since hatching occurred. Tlmes listed for the juveniles are
approximations as. the exact date of metamorphosns is not
known. o
N & ° |
. Legend : L \
A.veliger.(1d hatched) Scale bar= 40/4m '
i veliger (9 d). Scale bar= 35um. - -
‘competent veliger (31 d).. Scale bar= 25um
'D. competent velnger (31.d). Scale b#r= 25um..
z E. juvemle (38 d'hatched , 4 9\dmetamorphosed)
~ Stale bar= 20mm. - 5
F juvemle (48d hatch% 12 nd metamorphosed)

Scale bar= 29v\m

ﬁbl dngestnve gland T
!f qq...eye . E E g
¢ f- ot "% -"‘ﬁ R "\"

gz-gizzard . . % T - dmdE o

" h-head o £ v » |

i-intestne Y T

Ik - larval kidney S

- metapodium ¢ %[

mp - mantle pigment I

“"o-~operculum -

s~ stomach .~ N

sl - sallvary gland | l |

st-statocyst -V R

sw - shell whorl ' \ o

vevelum

,' . .‘ . v
4 v, “n .
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Flgure 24, Shell growth of Ham/noea veszcu/a vehgers Values ,
plotte*d are means with Staqdard ‘error bars. nw1 0 vehgersﬂ
~each of 10°cultures: measured per day Cultures were -
“maintained. at 15° C: gL
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Flgure 25. Growth of H, ves:cu/a 1uvem[es mamtamed at15° C.

- Values plotted aﬁmeans with standard error @ (w’
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- CHAPTER 6
A CQMPARISON OF FECUNDITY, EGG ORGANIC CONTENT, AND.

L POPULATIOﬁ SIZE FREQUENCY IN TWO SPECIES OF HAMINOEA

(OPISTHOBRANCHIA CEPHALASPIDEA)
INTRODUCTION
Thorson s (1 946;:-1950) qbservations on reproduction in benthic

L 4

- marine invert_ebrates initiated much interest in reproductive and

larval strategl‘es. Thorson categorized marine invertebrate larvae into

| - 3 groups: planktotrophic (pdgic and feeding), and lecithotrophic -

N (non-feedmg) erther pelagic or benthrc (drrect developers and

) brooders) Iti rs believed that planktotrophy gave rise to the other 2

. categorres (Chra 1974 Strathmann 1985) .and the forces

mstrumental in selectrng development type have been the source of

“much n (Mileikovsky, 1971; Vance,,l 1973 a and b Chia, 1971,
Mengd Cri‘sp, 1976; Clark and Goetzfried, 1978; Caswell, 1983;

T orpessit

| Strathménn 1985). Direct examloatrorg of these development types

mvolves assessments of ;gproduetxy-evenexgsircs&(arowne and Hunter
1978 Clark and Goetzfried, 1978; Todd, 1979; Hughes and: prerts

: ‘7'980 Perron 1981, 1982 MoEdvvard and Coulter, 1985), ecologrcal

factors such as trophrc and clrmatlo stabBility (Clark 1975; Menge
1975; Clark and Goetzfrred 1979) rnteractrons between spechs

Z(Menge 1975) and life history rnformatron on the specres consrdered o
‘(Chra 1971; Clark 1975 Clark and Goet;fned 197% Todd 1979
_ 4Perron 1982 Rex ant:l Waren, 1982), m attempts to categorize

A

- morphologically and behavrorally srmrlar Desprte these srmTantres

: developl‘nental strategres and the facto;s seleg,trng for them.

Hamrnoea calhdegenrtg hir sp and Hg,vesrcula Gould ooexrst in

R4
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they have different patterns of larQal development: H. vesicula ls "
planktotrophic, and H. callidegenita is lecithotrophic with parjal Lt

pelagic and partial benthic larval 0 velopment; \ v
In this chapter, | shall co-mpére the fecundities, energetic .
~content of the eggs features of thev lll%byéles and annual'pbpulation ‘
charactenstncs of these 2 species. These. types of data are not yet &
available for other cephalaspldean spemes although snmllar work has | |
'been done in part for nudlbranchnate oplsﬂ‘lobranchs (Chla 1971 Clark

1975 Clark and Goetzfned 1979; Todd'1979)

MATERIALS AND METHODS :  ~ B
A. Culture of Animals : - .
. Adults of both Harhinoea cal/ideger'r'ila and H. vesicula-wereﬁ' ’.~>‘-‘. .
malntamed at Bamfield Marine Statuon Bamfield? Bn-tlsh Columbia
from May to-July, 1986. Adults were placed in. gquana w:th a slow?
| qont:nuous flow of seawater at ambient temperatures (9 44 0C), and
supplied with" an excess of food (Zostera marina in the case of HQ\
vesicula , Chaetamorpha linum for H. call:degenlta and Ulva sp. for
both spec/gs) s ) .
Egg masses were- removed from the aquaria dally and maintained
. in Pyrex beakers contammg bag-fnltered (1 ,um) seawater at amblent 7 /
temperatures. Culture water was changed dally, and flakes of cetyl
alcohol were added 1 d.before the onset of hatchmg to prevent the
hydrophoblc larval shells from bemg caught in the surface tenston LR
(Hurst 1967) Embryos were meas salibated oGt

L b
)—r,u. F i

| 'mlerometer ona Relch i&g

. calculated as sphencal v«i e

. %
o o



species (V-4/3’Y (d/2)3)  '»{‘, R " SR .

.. ‘Larvae were collected dally upqn hotohlng The planktotrophlc

H vesicula vellgers were cultured ; o tf&techmque of Kempf and
D ntlblotlcs were generally

 Willows (1977), with the exceptiga i
- not used. Veligers were mam_ta' ) o ncentratlons ofd‘é 'l 0"

larvae/ mL. Isochrysis galbandhglie & viova lutheri, at conceqtratlons

i

of 10 5 cells/ mL, were suppligd@iood. Maintenance of the

" lecithotrophic H.vcallidege”rri gers paraﬁleled that of H. vesicula,

ra

with the exception that unicaitiar algae'were‘nqt supplied as food.
Al cultures were cleaned , and in the case of H. vesicula, fed, every
second day. l L .
Veliger growth was determmed by measuring the length of 10
individuals in each of 10 cultures with an ocular mlcrometer every
-second day. After hatchlng shell growth was measured rather than
total length.of the larvae because of the dlfflculty in msurmg .
cbmplete extensnon of the velum under afaesthetic. Care was taken t }
énsure consistent orientation thbe velugers before measurements ‘ )
. were made. Relatlve larval growth was estlmated between H. vesicula
and H cal/ldegemta as an increase in.shell length from uncleaved egg
.drameters These data are presented as a means of comparing relatlve :
size chan,ges between these species, rather than as an absolute
measure of growth for whuch volumetric estlmates or energetrc |
. *content woulg be more‘appropnate (McEdward,: ‘1984). - R .
- ‘MetarZorphosrs was mduced as descnbed (for H callldegemta in - ,

' Chapter4 and for H. vesrcula Chapter 5) Small Juvemles were

o | rrteasure’oah \mth an odlg’lar micrometer ‘on a Wild M-5 mrcroscdpe large *’5*» S

juvenules and adults were measured with a Canlab ruler All juvemles R

- . MR

?



and adults were measured while actrvely crawling ,
- B Analysls_oLEaaﬂmanm_Qomam o Bl b
‘ Three sbbsamp|es were analyzed per egg mass (n=3 egg masses

™

Al

in the case of H. calhdegemta and'n =6 egg masses for H. vasrcula)

- For H. callldegen/ta, 125 eggs were counted per subsample.rrand in the -

case of H. vesicula, 6000 eggs were reguired for each subsamples Egg
density / mm égg mass was determined, and the length of egg mass |

- containing 6000 eggs was estimated and removed. The investlng ]elry

layers in both species were removed by heatmg each sampre ind2%
H3POy for 15 min, at 100 to 110 ©C, then triply finsing the eggs in '
isotonic (3 %) NasSOy, and decanting the excess fluid. Eggs were

surrounded by embryonic capsules and capsular ﬂurdg Extraembryonic

- capsular albumen was not visible in either Haminoea species and its

" presence was not.examined separately.

Total.organic content ofrfth,e, eggs was determined by a

modification of the anatysis of bar:ticulate‘ lipid by wet oxidation,

involving spectrophotometric measurements of dichromate reduction

(Parsons, et al., 1984, as modified by McEdward and Coulter, 1984).
After removal of the jelly layers, eggs were: mcubated in 70% H3PO4
to remove residual chlpride (at 110° C for 15 min), then oxidized i in -

potassrum‘dtchromate (0.484%) in concentrated sulfunc acud (at110°

. C for 15 min). The amount of orgamc carbon oxtdrzed (expressed as
‘the reductron in drchromate concentratron) was compared ‘
: spectrophotometncally (440 nm “1em path length) with a known |
glucose/standard (0to 300,»@) Orgamc carbon was reported as the |

weught ef gmcose (Mg) yeilding equwalent reductr,on in drchromate

,, .concentratron Orgamc carbion was converted to joules based on -

! .
A !
.
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Bt constants (1,ug c -=3”90 X 10‘2 J) grven by Parsdn et aI (1 98¢)” " "
., -\. '
S Pgrred ad lfs of both H callrdegemta (13 palrs) ind H. vesicula !

‘ ' (1 5 parrs) were observed dally for 15 d Adults were mamtalned |n 500; ]

~ ¢\ ’- | ,mL Trlpo‘lTr beakers wrth the bottoms replaced Wlth 542,..m Nitex . .

R ;.mesl; in order that the- beakers could b@partually submersed to allow 'A | g
. ,for a continual flow of seawater Food was supgled as outhned in’ /\ o

adults ranged in. snze frofn 51 o 28 mm m the case of H.

‘ cal//degen a, ahd 34 to 42 mm for H. vesrcuf::l\Egg masses were ,
 collected Rl\{ and egg gumber per mass estimated by determmmg the

" | ~number of eggs / mm mass.in 3 sectrons of each mass and.by using the/

. meanto calculate the total number of eggs A :
n_ D. N ” . o» “ ' (‘\' ‘
pa. calidegenita: .+ S
Ammals were collected at monthly rntervals from Spencers e

Sprt Lopez lsland Washmgton durmg th@penod from July 1985t0 |
: Augl.%stt)lges wrth'addutronal coll trons |rLNovember1984 February |

. 1985 ctober 1986 and Aprll 1987 Dlstrlbutlon of anrmals and
O o v-fraglllty of the habltat made lt dlfflcultto sample a pre-determrned
[ SR D -area of Spencer S Sprt lagool'r Ammals were sampled by removmg a

< mat of Chaetamorpha Qnum from the lagoon ands‘archrng through the. .
’,f;‘ mat until 50 mdrvrduals were found Anrmals were Jeasured while |
| actrvely crawlmg e S

| '.DZ.fiarlLo_ea_eaguza

| Ammals were oollected from Grappler. Inlet Bamfreld Brrtrsh

- -,qulumbra at monthly mtervals from May 1985 to August 1986 ‘with

Al

one addrtronal collectron in February 1985 Adults were sampled by o

4



| . jre-determlned Iength of transect therefore sear mg .was_ cOntlnued IR

[N a K o

ntil 50 animals were found %

) Small H vesrcula quvenlles were collected by samplrng )
0 25 m2 areas of surface sedlment In the. lab these samples\were
S|eved and examlned under a erd M-5 mrcroscope Surface sedrments o

’ were sampled monthly from August 1985 to January 1986 “and. agaun in-

May and June. 1 986. Adults and Juvenrles were measured whlle .

" actively. crawlrng 0 22

Cmesuts: (L

, Ham/noea ca/lrdegen/ta N, sﬁ have lecrthotrophrc larvae with
" Iarge yolky eggs (230f4m in diameter; Table 11). .The penod of -+
encapsulatron lasted between 31 - 36 d (1 50C), durmg which the
N embryos grew at arate of 4, SOW d (measured asan fncrease in
“length), to ha.tch as 360/¢m Iong velrgers or juvenlles The planktonrc |
perlod ranged from 0 to'20 d dependlng on the deveIOpmental stage at
hatchlng and whether a substratum surtab’le forenhancmg o \
metamorphosns was present (Chapter 4) Velrger grthh drd not occur
durrng the- pelagic penod Metamorphosrs oocurred 31- .51 d after ]
" r ovrposmon dependlng on the length of the planktonrc perrod At . |
‘ rnetamorphosus, mdlvrduals are approxrmately 360)»m long (Imear
* “shell length), havrng mcrea&d in srze by 56. 52 % during the |

o
LN

pre-metamorphrc perlod (growth restncted to the penod of



encapsulatlon) | — L ., v
SRR Hamrnoea vesrcula wrth planktotrophrc Iarvae (Table 11)
produced eggs that were 90,u\m in dlameter Dunng e em’orxonlc
perlod (9 1; d, aé 15 °C), the embryos grew at a rate of 4. 7B/w'n/d o ‘
hatch as 133um Iong vehgeré‘ (shelr Iength) There was a relatively L
Iong planktomc pernod 0-34 d; Chapter 5), durrng whiich the _
planktotrophlc vehger grew ata rate of 1 .68um/d to reach
competency at approxrma’tely 173wn m size (shell Iength) From .
ovnposztnon to metamorphosns mduwduals mcreased in length by '
A approxumately 100% (approxnmately half each in the engapsulated and
: free swimming periods). - T
R Although the relatn.veduratlon of the encapsulated end pelaglc
phases were. dnfferent in these 2 specres |ength of the
pre metamdrphnc perrod was comparable betweenH vesrcula and
— — some mdnwduals of H. callldegen/tg (Table 11) dependrng on when the ‘
-, H. calha‘egen‘ta mdrvrdua;s metamorphosed (Chéapter 4. Growth rates |
durmg the pre- metamorphuc period dlffered between these 2 specres

y .Thei increase in Iength of the non-feedlng H. callrdegemta was. only

about half that shown by the feeding H. vesicula , in terms of the

percent mcrease |n Iength trom the drameter of uncleaved egg
(Tablett) S S .

trced eggs contamrng approxrmately 1 39/u ,‘

gC (5 4x 10'2 joutes/ egg, including egg capsuTe and rntracapsular

S fluid), with dn energetnc density of 2.88 x 10~ vz C/Mm3 ego. “There -

B were approxrmately 400 eggs/mass (Table 12) Measured overa15 d
penod in the lab, mdtwduals produced a mean of 0. 064 egg masses/ d

~ e

\\,



~ call egg or, 331 x 1073 joules/ egg) and Adalana ]
| 180/um eggs each contammg 5.38. X 10'9’ca|/ eqg or 6 69 x 1

R per month mdrcate that parental mvest

TS T N Vi - (R YV ERRAFNOREN A T T e e N LY - . " AR SRV AL AP
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L

for a mean egg productron o! 27.36 eggs/d and an mvestment of 38 Ogu
o] C in eggs/ lndwndual per d (Table 13) . ‘
. H. vesicula produced-eggs containing 'Eppnroxnr?sitely 0. 02&'»&q C.
- (1.0x10° -3 jqules/ egg includrng the egg capsule and mtracapsular .
ﬂund) with an energetlc de’nstty of 0.14x10° ,ug Coum3 eg0g. There “ﬁ
\® Mas a mean value of 73 020 eggs/mass (Table 12) Inthe lab (over a.
15 d period), mdnvrduals produced a mean of 0 08 egg masses/ d, foren
egg productuon rate of 4663 80 eggs/d (1 20.79 9 C mvested in eggs/
mdwrdual perd Table13) T o ;»_ :
These estimations of the energetnc content ot the eggs are
srmﬂgr to those obtained by Todd (1 979) on Onchideris bilamelata -

4

(whrch produced eggs of 90u~m. drameter eaoh contamrng 2' 10 X 109

joules/ egg) ' ‘ ’ ,
Although the energetlc content per egg was much higherin H.

callrdegea/ta 'relatlve feoundtty duffered so that overalt investment *

in eggs was greater in H. vesicula. Laboratozjstnmates of*fecundlty

ggsin H. call:degemta |

- was Iower than that of H. vesrcula both in terms of egg’ number (0 5%

of the number of eggs produced by H. ves:cula) and in terms of energy

(31 %) -Thrs estnmate of parental mvestment does not take mto o

~ account energy mvolved in gametogenesrs, mamtenance of the

reproductnve organs and energy contamed in the egg mass jelly
(probably much hrgher in H. callzdegemta whrch produces thrck
cyhndncal egg masses than in H, vesrcula W|th nbbon like egg

masses)

3
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n Spencer s Spit Lagoon, vrable H. callrdegemta egg masses
have been, obser.ve_d in aleonths, excludmg Qecembe;r and January
Fg.28. . . -

In Grappler Inlet, H. ves:cula egg masses have been observed
from May (1985 1986) to Sepfember (1 985; Flg 27).

. The Iength of rndnvudual re‘productwe periods’in both specues IS
unknown However, mdrvrduals maintainéd in |solat|bn in the * ‘
|aboratory ‘have contmued to produce viable egg masses for up to 17

]
weeks in the case of H. calhdegemta and up to 16 weeks in the case

of H. vesicula. | o :\ T
D. Ecoulanon.,s.lze_ﬂaauencx
1. H. callrdegenlta : : LR

The size structure of the H. cal//dégen/ta populatron at
Spencers Splt Lopez Washrngton v\{as examlned overa 1 year perlod
~ (from July 1985 to August 1986 with addlttorlal collectlons in.
November 1984 February 1985, October 19'86 and April 1987, th 26)
As the 'size structure dlffered between 1985 and 1986 the data’for
these 2 years are described separately , _

Throughout 1985, each monthly sample revealed a wnde rang.e in
sizes (January, 9 26 + 11.12 mm; July, 15:96 +- 7 08 October, B 80 +-

" 4.03 mm; ~values’ lrsted are mean +- standard error) suggestrng

- contmuous recrurtment throughout the year. :

From December 1985 to Maroh 1986, no anrmals were found In
_ April 1986 both anlmals and egg masses were observed The
populatnon size structure indicated one cohort growmg throughout the
summer (sizes of 18 38 +-2.93 m(n in Apil, to 20 72 fad 296 in June)

t.\..
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s 3 mOnths alter the first egg masses weré observed in that year (2.

4

e ' o 184
wuth newly»egtt:ad mdrviduel@rst appearrng in July, apptoxlmately
cohorts visible, with suzes of 6.13 +-2.58 mm, and 20.11°+- 3. 28 mm?s
A 3 month lapse between initial spawning and flrst observed \
recrultment was prgdrctable assummg 1 month betWeen o\gbosrtron 1
and hatchlng. and 2 months to grow to 2-3 mm in Iength (calculged as
. a growth rate of 0 042 mm/ d, as compared to a rate of 0. 03 mm/ d as
observed in Iab) These 2 col]orts were ‘still apparent rn«'@ctober 1986
but addrtrdnal recrurtment was lndlcated by a contrr/r.dr_q of srzes
A Qnly one collection was made in 1987 (Aprrl mean siz6 of 9.19
e 5 78 mm); suggestlng a srze structure srmrlar torthat observgd
throughout most of 1985 ' .i } . h

These data suggest a possrble annuaf cycle of the H

<

callrdegemta populatlon found in Spencer's ‘Spit. Within the

v
-

populatlon both egg productlon and larval recruntment occurred

-

~ throughout the year Juveniles matured at varlous times of the. year, .

¢

" depending on when settiement occurred The overwrnter pg populatlon o

" consisted of juvenrles and reproductrvely actrve adults (1985) or of .
*juveniles onty (1986) Why the: strUcturerof the Spéncer’s Splt
populatlon was varrable between 1985 and 1986 was not determrned
but possrbly the unusually coldtemperatures and hrgh snowfall in
December 1986 produced suffrcrently unfavorable condrtrons in _
Spencer's Splt Iagodn to cause a- hrgh mortahty “

2, H. vesrcula ' . . te
" The size structure of aH vesrcula populatlen m Grappler Inlet
Bamfreld British Columbia, ‘was examrned over ail 1/2 year perrod

(from%ay 19850 August 1986 with One additional collection in-’ C
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February 1985 Fig 27) Data fdr both 1985 and 1986 suggested thes

sarrlepatterh s . o R ;'- T S
The size structure lndlcated one cohort which grew throughout L
\ the year Surldce sedin)ent sampllng first mdlcated the presence of. |
* small juvemles (onp lndivldual was collected that Wast 5 mm in
?;U length) in September other mduvrduals collected at }f\is tlme were 36 o
- +-245 mm long These data suggest that recruitment in thls
populatlon occurred from mld-summer to early fall, based on the
followmg obsewatlon&pnwt of ovlpositlon in the field in May, an ,

approxlmat“e' 50 4, penod before metamorphosis, and an approximate 40
« 'd growth as Juvennles before reachmg the observed 1-2mm body
> Iength (calculated as a growth rate of 0.05 mm/d and supported by a

juvenlles rncreased both in sizeland ab. ndance throughout the fall
(although size lncr,eases would in luence obsewatlons on abundance .
. since the larger juveniles were easier to tlnd) The length of the '
smallestquvenlles collected in; November 1985, mdlcates settlement
> --in early Octaber, following the same calculattons ln December 1985
lndlvrduals were 3.08 + 0. 47 mm lon , in March 1986 10 50 +- 2, 69
. mm, and in June 22, 83 + 4, 65 (19851@0«3’3?\11 +- 2.66 mm *(1986).
The Iargest adult observed was 38 mm long (October 1985) ‘
These data suggest a possnble cycle that may have oocurred
o annually in the Grappler Inlet WH vesicula: Anrmals began |
spawnmg in early May. First recruitment of planktot?ophlc vellggrs
was in late June and July Adults died in the tall and Same-year :
recrurted Juvenlles ovenmntered and grew in the surtace sedlments

.. and reached maturw in the late sprrng_(late Aprll and early May)
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Adults ,spawned throughqut the su er and juveniles \gvere.rec‘ruited
" t94he pOPU'Qon frotn mid-summe ‘)éaﬂy fall. -t

Alth0ugh opisthobranchs are seasonalty abundant the ann(\ rfe
cycle, and in pamoular the ovenmnteqng stage, is not generally .
understood (Swennen, 'iéGt"i’hombson t967' Clark, 1 5). |
lndwnduals of both H. ves:cu(a and H. callldegenlta were present in °

'
.
v i
»
.

“whidl jisbd grew i mmments The ovewv tering
- stage of H. cal//degen/ta c ed & egg masses, Juvemles nd
adults found in'both the surface sednments andi in Chaetamorpha lmum
mats However the stages found duffered in the collectlons for the 2,
years. o X
¢ 4 -~
" ) {
DISCUSSION \ : ‘
. : Descnptuons of opusthobranch Infe cycles have included only B
- 'th_oSe of nudibranchs and._sacoglossans (Thompson 1958, 1962, ‘1967;' ‘
o SWennen 196'1'Clark 1975). Most specres of these two orders are
& specnatnzed feeders and thenr life cycles are closely linked to those of
their prey species (Thompson 1976 Clark 1975; Todd, 1979) Clark '
- (1975) glassified the hfe-cyote patterns of nudibranchs and
' sacoglossans® into 2 ecologncal groups: 1). explomst which mcluded ’
species with a transnen_t food suppty, a short, subannual lrfefcycle, apd
1 with continuous ego production and recruitment throughout the y.earv |
L (r-selected)' and 2) strategist whicn inc'luded those species with a
stable food supply, one annua| reproductlve season and o?t‘e brief
penoo of recruitment (K-selected) o o s

. . a
- P S\
N

K\/'/ ’ ’ v
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Hammqga callideganlta and H. vesicula do not fit into elther ot

Clark's (1975). categones Populations of both species showed 1ong \
" reproductwe seasons probably involving several spawnlng cles per
individuat per year. T heir food sources were, if not stable in

.

compopition, appearently sufticient to rnaintain Hamlnceapopu(tla‘ﬁo)ns
all year. -
Desplte the long period ot reproductlve actwaty in both specnes

- patterns of recruntment differed between them (as indicated by the .
appearence of juvennles that settled and metamorphosed 1 to 2 months
prior to collection). In'the case of H. callidegenitaéviable egg masses
were fouhd year round, and the cornp’osition of Spenoe?'s Spit ‘
community did not appear to undergo drastic seasonal changes, which )
potentially may inhibit s‘ettlernent and juvenile, surv’Lvat' therefore, -
continuous recruntment seems feassble The size frequency of the H.
ves:cul population suggests that recruutment took place over several
. months with.a possubnhty of loss of veligers that hqtched 1ate in the

reproductwe season. In Grappler Inlet, seasonal changes in floral
| composmon occurred These changes mayhave mﬂuenced recruitment
. either th\)ugh a loss of substrata suitable for inducing = - .
metamorphosns ora reductlon in the substrata mvolved in enhancmg
survuval of small juveniles by provudmg nutntnon ora proteetlve
mtcrohabltat Loss of veligers from one habitat does not necessarily
- mean that tﬁey dnej as It IS possnble that some of these ’ﬂdwnduals
may be recruuted by other populatlons (Clark, 1975) in communmes

g that have not yet undergone seasonal shlfts m composition.

_ Prelsmmary observations mducated slight tetnpor‘al dlﬂerences in

' ' tpopulatnons of both Hammoe?ves:cula and Zostera marina between |

s .

i
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oplsthobrané ‘ .
timing of the reproductwe season (Thompson 1967; Clark, 1975) The
developmental stage composing the ovenﬂintenng populattOn was .

| drﬂerent between H callrdeganta and H. vesicula . However in both

f

c, F

“e e 3
. schtes anrmats were found year-round :

.l o’f.tar:/al development H. vesicula: have pelagrc feedmg larvae, with a
v h»gh fecund:ty and invested slightly more engrgy in total egg °
productlon than drd the lecrthotroptM-l callrdegemta Hrgher
| fecundity of Iower rgy eggs, b‘ut an overall greater energy
“investment in~'eg9x§con5|dered charﬂierrstlc of planktotrophic ‘
species (Ch-ia 1974 ; Mnlerkovsky.1971 Strathmann, 1985; Todd,
1979), while- lecnthotrophnc specres were consrdered more
- energetncally efficient (Menge, 1975 Vance, 1973); although the
eﬂncrency may be |mposed on a species through egological constrarnts
(Menge, 1975) Compansons of parental mvestment in thrs paper
represent energy méludeo‘jp the eggs over a 2 week interval only.
Théy are therefore underestrmatrons of reproductrve effort because

they omrt energy mvested in egg mass jelly, capsules gametogenesis °

and maintenance of reproductrve organs which-also require supstantral
portions of the energy budget (Stickle, 1973; Tinkle and Hadlev, 1975;

| Browne and Hunter, 1978; Hughes and Roberts 1980; Perron, 1981
Grahame, 1982‘ Tuomr et al., 1983) L

H. calhdegemta eggs contarned almost 100 times more organic

_'c'arbon- than H. vesicula eggs, in terms of individual eggs._ Despite

o ' U~

-
.

..,

Hamrnqea vesicu!a ! H. cellldegenita have dtfferent patterns '

»
¥

o
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. differences in energy available for devetopment (as the energy

invested per egg including lntracapsular fluid: extraembryontc albumen

" was not vrsable optrcally) and in length of the pre hetchtng period,
approxrm;xely the same amount of gr'mh of encapsutated individuals
of both species relative to uncleaved egg size occurred. The relative
growth of encaps“ulated H. vesicula larvae was Interesting given the
low energy conteht of ;he eQgs. Perhaps the short period botween

© oviposition and hatchnngeltowed for euch low ene[gy content in that -
there woutd be lower energy demands fgr manntenance than there

| would be in H. callidegenita. v o '

At hatching, H. vesicula- Vehgers cdntained no vrsnble yolk and
begm feedmg |mmed|ately8 Hajched H. cal//olegemta velugers had
enough yolk reserves to sustain them for up to 20 d (dls,cquntnng_the -
possibility of an auxilliary s'upply of energy percovided by the uptake of -
dissolved organic matter (Vance 1973a de Burgh and B’urke 1983),
and visibly depletnngfyolk reserves were observed dunng the pelaguc
perio} Possibly, the higher energy content of the H: callrdegenrta

* eggs acted as a reserve rn case the veligers encountered unfavorable.
environmental condmons and were forced to delay metamorphosus
. However most H. cal//degqmta individuals hatched as juveniles and
: begln feeding 2-3 d post- hatchlng (}hapter 4). Further postponement
' of the onset of feedmg in the Juvemtes seemed unlikely as a ’ R
frequently encountered situation, because of‘the abundance of |
'potentral,food sources mSpencer’s Spit throughout the year. This
suggests that either another factor was invalved in d'eterminihg the '
" energetrc requurements of the H. callrdegemta egg, or that some of the
yolk reserve was patentially superfluous |n the magorrty of,

™ \ .

\
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| lndlvlduals Observatlons on the relative yolk depletlon it the vellgers ‘

" -of H, vesicuia and H. callidegenita were basegl on visible .

horphologlcal changes, rather than direct measurements of‘energy' ;

“content. C - B |
The evolution of larval strategies in benthic marine '

invertebrates has been the subject of much intere’st.since Thorson's

(1946, 1950) classifioation of developmenfal types. Opisthobranchs

typically have a "mixed” larval strategy (following Mllelqusky S,

1971, re-orgamzatlon(of Thorson s classmcatlon) rnvolvmg an mutual

penod of benthic development (wrthln an egq {nass) and followed by a

\ ‘pelagrc pHase (either as feedmg~or non-feedmg vehgers) and Wthh is

‘vestigial in some species ( Thompson, 1'958 1967, 1976, Hadfield,

; 1963; Hurst, 1967; Chia, 1971; Clark, 1975; Clark’ and Goetzfned \

he relative advantages of dufferent

larval strategles and possrble lectrve forces acting on them were
y, 1971; Vance, 1973 a and b;
'snathnYann 1974; Menge, 1975; Tlark and Goetzfried, 1978; Pechenik, -

k 1979) It is interesting to consider a few of these factors as possnbly '

discussed by many authors (Milelko

. mfluentlal iR selecttng the larval strategy of H. callrdegemta and H.
vesrcula gwe‘n the, observed morphotogrcal and ecologlcal srmllarltres
between the adults of tbése speCtes However, it must be Tealized
that the llmlted data a\)allable for this consnderatlon are purely ’
qualltatrve and do not necessanly reflect causal relatronshrps
Dispersal has been oonsrdered as a major advantageof.
planktotrophy as a larval strategy (Thorson 1946 Mrlelkovsky, 1971
Strathmann 1974; Crisp, 1976; Pechenik, 1979; Clark and Goetzfnéd

1978). Both H. vesicula and H. callidegenita have the potential for
o, : .
‘o
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dispersal, whether through pelagic vehgers or through (o1 mats

, ral‘tmg H. ve§rcula veligers are pelaglc for a longer period, wlth

possrbllrtres.ol achieving a greater_ drspersal dlstance. although in
itself, long range dl'spergal might not have a selectlv'a advantage -
(Palmer and Strathmann 1981), Egg masses of both specles are.
usually, but not exc‘luswely, deposited on buoyant substrata (such as
Zostera and Ulva ), and in the case of H. vesrcula rafting” egg

‘masses have been found floating i rn and 1ust at the outer limits of bays

(personal obseryAhons) "Ftaftlng H. calhdegenlta ego masses were J
not abserved but this m_ay reflect the sparsity ol populatrons 'rather

‘than an lnablhty for thls type ol dispersal). Therefore it appears that

the potential for dlspersal exasts for both specres A secohd

advantage attrrbuted to planktotrophy is an'increased lecondlty (Chia,

,1971 Mileikovsky, 1971; Palmer and Strathmann, 1981 Strathmann

~1985), which is undoubtly much’higher in H. vesrcula than in H.

'salrnrt}" L

calidegenita. A majer adyantage of a ionger benthio phase, as evident

in H. callidegenita has been suggested as ﬁeing an increased Rgriod of -

protectron of vulinerable larval stagesYPechenik; 1979; Menge, 1975)
Two factors conS:ered as selectiv@® torces on oprsthobranch

life cycles are trophlc ar climatic stability (Thompson, 1964; Clark,.

_ 1975) While potentral food sources change m composrtlon seasonally,

food was available to,populatrons of both Hamingea « specre\

?

throughout the Pear. Climate, and other physical envrronmental

factors, such as local topography, are not stable in rntertldal muddy

bays"whrch are subject to wide fluctuations in temperature and

\ o

.

‘Other forces potentially influential on the determination of life "
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K _hnstory strategres are planktomc mortalrty rate (Vance 1973 a and by k
~ Menges, 1975) and rnteractrons between specres (Menge 1975
' -t»Pechenrk 1979). The effect of plaz(tomc mortality on H. callrdegemta R
: ’,.'vand H vesrcuia cannot be assessed although the. Iengthy pelagrc | \
| .perlod ofH ves:cula may mcrease the nskof predatlon (Pechemk o
1979 Vance 1973a Strathmann 1985) TWo mterspecmc o
'- mteraotrons erI be brrefly consudered competrtﬁan for food and :

e predatron The most llkely major competrtors in these. habrtats are
' 'other Haminoea. Examlnatron of stomach and fecal pellet contents

| E j"rndlcate thatslmrlar eprphytes and part icles are mgested by the
| adults of both specues However the a&ndance of food in the habrtats
' 'observed suggests that food rs not a limiting J%ctor The effects of
- predat:on were not assessed Observati’ons on 2 known.predators
'mdrcate the palatabrlrty of Hamrnoea specres (Navanax alsoa ”
B 'cephalasprdean oprsthobranch /n Moms et al,, 1980, and flounders in “f
- Burn 1966). However poputatrons of both specres aredence |
"throughout most of the year, and in the case of‘H vesrcula wndespread.
d“ Whrle ese featurjp mught make them attractlve as prey these dataﬂ |
_’ . also suggest that p;edatron probably is not occurmg to the exteﬁt
L ‘where it would be I|m|trng‘ to elther populatlon R | h N
o Therefore, it seems possrble that i in H vésrcula and‘H
R | callrdegenrta, a number of factors may have contnbuted to the .
e selaction of a partrcular larval strategy, wrth physucal—envrronmental
- l ;factors potentrally playnng amajor role H vesrcula have retarned ‘ |
planktotrophy probabty not because of advantages rived from Iongg
range dispersal but because the chmatnc and physrcal mstabrhty
assocrated with thrs habrtat have selected for mcreased fecundxty
S _ L

S
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Lecrthotrophy, an energetrcally effrcrent" strategy has b jon selected @

o forincH. callrdegenn‘a through ex‘blortatnon of a stable ,_'od source ,

.. One feature of lecrthotrophy is that the larger eggs wrll have a sJower
.development,- a lor_tger encapsUlated phase. and _er'efore. a I,ortger.
;perioa of veliger protection The Unpredictable‘ : hy‘sical»a‘sbects of. the e

o ",habrtat provrde enough instability to encourage the retention of some
‘.pelagto vehgers per egg mass, wrth the abﬁ/ty Yo either settle and |
metamorphose rmmedrately or, after ay, ‘_rrable pelagrc perrod as soon -

asa favorablé substratum is encounl red

124 [
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Taklg 11. Summary of life history characteristics of Haminoea
callidegenita_n.sp.and H. vesicula (_?-quld;
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Table 12. Estimates of fecundity in Haminoea callidegenita and
"~ - H.vesicula,based On egg and egg mass produgtion overa 15d
- period. " S s |
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. Table 13. The reproductive gnergetics of Haminoea callidegenita
/ and H. vesicula , including both egg number and energetic

/ ~~ content. ' |

’
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. Figure. 26. Population size frequency ¢f Haminoea callidegenita. at
Spencer’s Spit, Lopez Isldand, Washington. Animals-were
measured during thie period from'July 1985 to August 1986,

. with additional data from November 1984, February 1985,
October 1986 and April 1987. \

Legend N .
+ NC - notcollected. + |

NF - none found R y T o

e - egg masses observed - v oo



201

</

e : . v
: (ww) 371 .
o¢ o ot ot o o oc ot oL °
0 | _ 6 T °
| . |
_ " g
‘ . N - -
| M9e6L . ’
996 m 05~u 596 o - 05+ 996 .
0 S961 L.u 0S-U ¥961 . oz 0s-usosi ko
— A LM N - =
. _ "IF S
H o ,. " ] . > ro/
“ - [od f:ms ,
g T ) N
- H N . - z
9861 .m : o ‘
N r,o.ﬂ 0G-U 9841 ® 3ﬂ .Ono#woo_ . .9 oz - m
. ) ‘ o O
T 2
. A P
z . : LN
] BT . ot O
©0seuLesl
LTI
——t0 -
. ER [=
01 s oL.&
0~ 9961 5 | ow9sel |
6145861 ® loz  0s-useol ot
h ~ L .

-
M



Figure 27. Population size frequency-of Haminoea vesicula at
Grappler Inlet, Barkley Sound, British Columbia. Animals were
measured during the period of May 1985 to August 1986 with

N addmonal data from February 1985, :
—Legenct/ k ? oo - .
NC ; notcollected - . - '
;NFénonaund, o .
-egg masses observed N 7
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_ CONCLUSIONS.

]

The 2 major objectuves of this thesis we *a 1) to e _amlne
taxonomlc problems and dnagnostrc features i¥the genus Hamlnoea' ;o

and to use these features m the descrlptlon of a.new: specnes

. H. calltdegenrta and 2) to examine the development of .

H. ca///degen/ta n.sp., and of H vesrcula Gould WhICh exhibit drfferent
modes of Iarval development , _ |

~ The major dlagnostlc#eatures used in Hamrnoea taxonomy were
reviewed. Characterlstlcs suggested as being useful dlagnostlcally
are: external morphology (such as plgmentatlon and bifurcation of the
cephallc shleld) Hancock's organ the penis complex and details of the
surface of the gizzard plates Other characters such as radular |
dentltlon are potentlally useful but must be thoroughly exam,Lned e
before beung used in confldence because of the possrblllty of ‘
mtraspecnfnc varlatlon Whlle shell morphology can be useful, such as
m identification of specnmens collected from one geographlc reglon
dlfflCUltleS in determlnmg rehable dlagnostuc features suggest that
shelTstructure is not sufflcuent as the baSlS for descnptuons of new
species. Shells alone should not form the basis for subdivision of the
' 'genus ' } ', -

The genus Ham/noea is potentlally large and has been

establlshed for approxlmately 170 years However the taxonomy of
*these animals has become problematnc because of. changes in the -
perceptlon of the relatrve |mportance of shell morphology as a useful
dlagnostlc tool by malacologrsts (Clark 1973 1978; Lmdberg, 1985 |
1986 Kemp and Bertness 1984) coupled wrth the llrmted knowledge o |

7-2'08‘“;:
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g ~,of Hamrnoea morphology and general blology In descnptlonsé both _
new and establlshed specles it is recommended that descrlptlons of
- .the structureslmentloned above be provrded and also that rnformatnon
| ~on features such as habitat explortatron and reproductrve blology be
o mcluded ‘Consideration of such features may lead to the subdrvnsron
'ofthegenus - o S o .
l The second obiectlve of this thesns was to examine the |
| ,4 development of 2 specnes of Hamrnoea with different larval types .
AThe developmental patterns of both H. vesicula and H. callldegemta |
are typical.Of oplsthobranchs in general. The ane major exception is_
the role of &gy mass Jelly in determmrng stage of hatchlng in H
callldegenlta erthér in a veliger mhrbrtmg or- an mtracapsular '
,metamorphosrs enhancrng capacity. It would be mterestlng to
* continue thls research along 2 Imes First, if the lnfluentlal M
compound(s) gould be extracted from the egg mass jelly, how would it
| (they) -effect the development of other specres of Hamrnoea and otherb
oprsthobranchs” It would be interesting to study the lnﬂuence on
- specnes-wnth 1 known -laryal type (such as Adalar/a proxlma ‘in
~ Thompson, 1958 Rostanga pulchra in Chla and Koss 1978 and
Phestrlla sibogae., in Swr%er-Dunlap af;\d Hadfreld 1977), or with |
strategres that are variable temporally (such as Elgxsra cabze,in |
Clark etal, 1979) or spatially- (Tenellra pallrda in Eyster 1979
and Elysia chlorotrca in West, et al., 1984). Second the ecologlcal
Qand evolutronary |mpI|catlons are also mterestlng especially i in
' consrderatlon of the drfferences between mdrvrdual egg masses. Was
" the observed variation an artifact, & random event, or rs the - :

composmon of the egg mass jelly influenced by genetro or . //

-4
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envnronmental factors? | -
“In.a brief comparlson of reproductlve energetlcsl\n H
call/degenrta and H vesrcula it was fou nd that H. callrdegenrta eggs :
~ contain more organlc carbon than do H. vesicula ‘eggs wrth compara‘o}e A'
energetic densrtles H. vesrcula have a higher fecundlty wrth an
overall greater investment in eggs than ddes H. ca/lrdegenrta
Although these data do not take into account energy mvested in the egg
_ masses themselves they tollow a general trend evrdent in other ,
. benthlc marine mvertebrates among planktotrophlc and lecithotrophic
_, specres (Chia, 1974; Todd 1979: Strathman 1985) : o -
Examlnatnon of populatlon size structure and the length of the
| reproductnve season mdncates that neither of the Hamlnoea species
studied follows the life cycle patterns consndered charactertstuc of
nudlbranchlate oplstho‘branchs (explomst and strategist; Clark, 1975)
| but have. a long term approach possrbly based ona stable food: supply
Individuals were 1!so found to overwmter in the same habitat occupled
by actively reproducing adults in the summer. This has not been shown
. previously in nudlbranchlate specues (Clark ’1975 Thompson 1967
- Todd, 1979).. '
As is the nature of any type of research a few addltnonal :
avenues of mterest have appeared dne of the more mterestlng is,
. gwen the morphologtcal ecologlcal and behavroral similarities
Abetweenadult : | o ] ', j -
H. callrdegemta and H vesroula what tactors have selecteg for the
observed dtvergent larval strategles ? Trophlc and cllmatlc stablhty
_have been suggested as the’ major selectuve forces determining -

development type in oprsthobranchs (Clark, 1975). If so, it would seem

A
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possnble that clmatic and e,nwronmental mstablllty may have

’ selected .or retention of a pelaglc phase in H. veslcula. andto a Iesser -

| . extentin H. callldegemta. while trophnc stablhty may select for ,
Iecathotrophy and an increased proporhon of benthlc developmﬁt in H
callidegenita. Although the adults of both Ha/mmoea species are

eco|o/gical|y similar, the. differences in deveIOpment provide divergent

mches for the- 1arvae which may be |mportent in terms of Iarval
- competnt’on in bays if the/rate of logs of larvae from the habntat was
low, given the high fecundnty in these two species. _.

A second Qbse_“rva_tlon\whtch needs further cor)sideratién is the
morpholagy of the gizzard plates, and their role in feeding. These

observations would be useful in Haminoea research, to an

understanding of both Haminoea biology and Ait‘s roles as.an ab,Aundant'

member of muddy, intertidal communities are not well understoad.

.
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