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Abstract. The Sacoglossa (Mollusca, Opisthobranchia) comprise almost 400 nominal species level taxa. Of thesc 284
are considered valid (i.c., no published synonymies) in this study. About half of the nominal species have been descri-
bed before 1950, and the 10 most productive taxonomists have described about half of the specics. Distributions of all
vahd species are reviewed. The highest diversity is found in the islands of the Central Pacific, though species diversity
is almost as high in the Indo-Malayan sub-province. The Caribbean forms another center of species diversity. These three
areas are distinguished by the high number of Plakobranchoidca. Similarity among provinces is generally low. Endemi-
city is high in most provinces, but this may be an artifact of collecting activity. The decrease in number of species with
latitude is spectacular, and the number of cold-water endemics is very low, indicating that sacoglossans 1 cold tempe-
rate regions are mostly eurythermic warm water/ tropical species. The highest number of species in cold temperate are-
as 1s found 1n Japan and Southeastern Australia. This coincides with high species diversity of the algal genus Caderpa,
which constitutes the diet of all shelled and many non-shelled sacoglossans.
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1. INTRODUCTION

Information on biogeography is important for understand-
ing speciation and phylogeny as well as for making deci-
sions about conservation. Ideally, combining a phyloge-
netic tree with a distributional map should give informa-
tion on whether species dispersed from a center of origin
or were the result of vicariance events. For most marine
invertebrate groups, however, phylogenies are not fully re-
solved and/or taxonomy is not yet stable, and even infor-
mation on distributions is incomplete. Specics are still be-
ing split or synonymized., and new and undescribed species
are discovered. In a worst case scenario a distribution map
would show the activities of taxonomists rather than ac-
tual species distributions. In the present study existing dis-
tributional data for the Sacoglossa (Mollusca: Opistho-
branchia) is reviewed and analyzcd with regard to differ-
ent biogeographic theories as well as activities of taxon-
omists over time. Phylogenetic analysis has been per-
formed at the genus level (JENSEN 1996a), and for one
genus, Thuridilla, at species level (GOSLINER 1995). The
relationship of the Sacoglossa to other opisthobranchs has
been discussed in several recent publications (JENSEN
1996B; MIKKELSEN 1996, 1998; THOLLESON 1999;
WAGELE et al. 2003).

Sacoglossans are suctorial herbivores; only two or three
species are oophagous, feeding on the eggs of other
opisthobranchs (JENSEN 1993a, 1997a). This means that

they have depth distributions restricted to the photic zone,
1.e. generally <100m. Sacoglossans are also dietary spe-
cialists, the majority of spccies feeding on siphonaceous
green algae, especially Caulerpa spp. (Jensen 1997a).
Hence they only occur in the habitats where thesc algae
are found. The total number ot vahid spccies 1s around 300,
but new species are still described and other species are
synonymized.

2. MATERIALS AND METHODS

Distributional data for all species of Sacoglossa were tak-
en from the literature. The study has included most pub-
lications of original descriptions to get the type localities.
Howecver, in the case of the oldest descriptions, the pub-
lications by SCHMEKEL & PORTMANN (1982) and BOUCHET
(1984) have been used. Also, national and regional fau-
nal checklists have becen included, as well as records pub-
lished on the Sca Slug Forum (http:/www.-
seaslugforum.net/). All nominal species listed in Appen-
dix I have been included n the first analysis for bias of
taxonomic expertise and scientific activity. In the distri-
butional analyses, however, only species considered vahd
in this study have been included. As the present study is
not a taxonomic analysis, species identifications and syn-
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onymizations, with a few controversial exceptions, will
not be discusscd. Only synonymies that have been pub-
lished and not subscquently contested are used. Thus
species that have only been mentioned once in the liter-
ature arc, with few exceptions mentioned in the text, con-
stdered valid.

Biogeographic regions and provinces were taken from
BRrIGGS (1995) (Fig. 1), and sacoglossan distributions
among these provinces were recorded. Although it must
be assumed that a spccies occurs continuously between
the extreme points of distribution, species were only
scored as occurring in a region or province 1f at least one
published record existed. The number of endemic species
was dctermined for each province. As some regions were
clearly underrcpresented with regards to faunistic studies
on opisthobranchs, a few rcgions have been merged or
deleted from the analyses. Similarity between biogeo-
graphic regions or provinces was analyzed using three n-
dices: Cl= Jaccard’s cocflicient= 100(a/(N1+N2-a))
(Valentine  1966), SD=  Dice cocfficient =
100(2a/(2a+btc)) (LEAL & BouctieT 1991), and I=mdex

Fig. L.
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of inclusion= 100(a/Nmin) (GoLIKOV 1989). These indices
differ in the weight placed on shared species (a) compared
to total number of species in the compared regions (N1.
N2). and species found exclusively in one or the other of
the compared regions (b, ¢).

3. RESULTS
3.1. Fossil history

After the description of hve specimens of bivalved
sacoglossan gastropods (KAWAGUTI & BABA 1959), sev-
cral papers on fossil species of these sacoglossans ap-
peared. The first reviews of fossil sacoglossans were those
of BOETTGER (1963) and KAy (1968). There have been ex-
tensive discussions about the identity of the Recent
Tamanovalva, Edenttellina and Midorigai and the Mid-
dle Eocene genus Berthelinia (e.g. EDMUNDS 1963; BURN
1998). KEEN & Smith (1961) listed several other fossil
species and included all in the family Juliiddae Dall, 1898,
which had previously been located in the Bivalvia. More

Map showmg biogcographic regions used in the present study. Regions have been modified from BrIGGs (1995). 1. Nort-

heast Atlantic. 2. Lusitanian. 3. Mediterrancan (including the Black Sea). 4. Northwest Atlantic. 5. Caribbean. 6. Southwestern At-
lantic tropical and warm temperate. 7. Aleutian. 8. Orcgonian. 9. Californian. 10. Mexican-Panamanian. 11. Southeastern Pacific
warm temperate. 12. Cold temperate South America. 13. Northwest Pacific cold temperate. 14. Northwest Pacific warm tempera-
te. 15. Northern and northwestern Australia. 16. Southwestern and southern Australia. 17. Southcastern Australia. 18. Northeastern
Australia. 19. Great Barrier Reef 20. New Zealand. 21. Southeast Atlantic. 22. Western Indian Ocean. 23. Indo-Polynesian regi-

on (including Ryukyu Islands). 24. Hawaii.
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recently several more fossil bivalved sacoglossans have
been described (see LE RENARD et al. 1996 for review),
and also a single species of Volvatella has been described
from the Lower Miocene of France (VALDES & LOZOUET
2000). Thus there may be two or five Recent genera of
bivalved sacoglossans, whereas there are 9 fossil gencra
extending from the Lower Eocene to Lower Pliocene.
Most fossil species have been found in European locali-
ties, but a few are from the Caribbean, and one cach from
Australia and Indonesia. However, no doubt more fossil
species will be described in the future.

The temporal and spatial distribution of fossil sacoglos-
sans indicates that they arose as part of the Tethys Sea fau-
na. As sca level receded and temperatures cooled down,
their distribution became more restricted, and today there
1s only one species of Berthelinia in the Caribbean and
one in the Panamanian region; the remaining specics are
Indo-West Pacific. Julia has one species in the East Pa-
cific; the remaining species are Indo-West Pacific. For Vol-
vatella there is only one species in the Caribbean, one n
warm temperate South Africa, and the remaining species
are Indo-West Pacific. The disappearance of a major part
of the coral reefs at the end of the Cretaceous (BRIGGS
1995) may have created ideal conditions for speciation of
siphonaceous green algac when sea level rose again in car-
ly Eocene.
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3.2. Recent species

Slightly more than half (199 of 387) of the nominal specics
have been deseribed before 1950. There is a distinet peak
around the 1860s and 1870s when Peast and BERGH were
most active describing species from the Indo-West Pacil-
ic and Costa and Trinchese worked in the Mediterrancan
(Fig. 2). After 1950, it 1s especially the MaArcuses (39
species) and K. Baa (30 species) who dominate the num-
ber of new species (Table 1). The 10 most productive au-
thors or groups of authors have described almost 50 % of
the species.

Of the 387 nominal species 284 (73%) have been includ-
ed in the similarity analyses. The number of spccics
recorded from regions and provinces shown in Fig. | is
listed in Table 2. Some regions are distinctly underrepre-
sented in regards to number of records. This is true for
most of the southern cold temperate zone, but also for trop-
ical East Atlantic and southern East Pacific. Most of the
biogeographic regions and provinces are supported by the
present study as indicated by the percentage of endemic
species. The regions and provinces with less than 10% en-
demism will be discussed below.

The Northeast Atlantic and Mediterrancan were the car-
liest studied areas. The number of species described dur-
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Fig. 2. Frequency of species descriptions through time.
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Table 1. Number of species described by different authors (cal-
led “group(s)”, when with one or several co-authors) through ti-
me. All nominal taxa have been included.

Author # species described
Marcus (& Marcus), 1955-1982 39
Baba (ct al.), 1935-1959 30
Jensen (et al.), 1980 1999 23
Bergh, 1871-1905 20
Pcase, 1860- 1871 17
Ortca (ct al.), 1981-2006 15
Trinchese, 1869-1895 14
Ichikawa, 1993 11
Thompson (ct al.), 19731988 10
A. Costa, 1862-1876 10
Total for 10 authors (groups) 189
Total # nominal specics 387
Percentage described by 10 most productive

authors (groups) 49
Total # authors (groups) 104
Average # species per author (group) 3.7
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ing the 19th century is high, but many species have sub-
sequently been synonymized. New species are still discov-
ered (ORTEA & TEMPLADO 1990; PERRONE 1990; CERVERA
ctal. 1991), old synonyms resurrected (CERVERA & LOPEZ-
GONZALEZ 1996; ORTEA & MORO 1998), and the validity
of some species, even some of the more recently described
ones, is still debated (CERVERA et al. 2006). In addition,
species ranges appear to be expanding (THOMPSON 1983
ORTEA et al. 1997, EVERTSEN & BAKKEN 2002). Hence the
present analyses represent an ad hoc picture of species dis-
tributions and diversity.

Three faunal provinces are recognized in the Northeast At-
lantic: the warm temperate Mediterranean Sea, including
the Black and Azov Seas (no sacoglossans occur in the
Caspian and Aral Seas), the warm temperate Lusitanian
provinee and the cold temperate Northeast Atlantic Bo-
real region (BRIGGS 1995). Three species appear to be en-
demic to the Northeast Atlantic cold-water region. How-
ever, two of these may be identical to Lusitanian and/or
Mediterranean speeies. The possible synonymy of Ercola-
nia nigra and E. viridis is currently under study by the
present author. and it 1s also likely that Calliopaea oopha-

Table 2. Spccies distribution and endemicity of sacoglossan opisthobranch in biogcographic regions as defined by BRIGGS (1995).
Only species considered valid in the present study have been included. n.d. not determined.

Region # Species
1. Northeast Atlantic boreal 11

2. Lusitanian 40
3. Mediterrancan + Black Sca 37
4. Northwest Atlantic boreal 6

5. Cartbbean incl. Florida 49
6. Southwestern Atlantic tropical + warm temperate 19
7. Aleutian 6

8. Orcgonian 8

9. Calitornian 9

10. Mcxican-Panamanian 23
11. Southeast Pacific warm temperate 6

12. Cold temperate South America 4

13. Northwest Pacific cold temperate 29
14. Northwest Pacific warm tcmperate 41
5. North and Northwestern Australia 23
16. South and Southwestern Australia 22
17. Southeastern Australia 15
18. Northeastern Australia 18
19. Great Barrier Reef 22
20. New Zcaland

21. Southeastern Atlantic 9

22. Western Indian Occan + Red Sea 32
23. Indo-Polyncsian, incl. Ryukyu Islands 107
24 lawaii 25

# endemics (%)

3% (27)
5(12.5)
8(22)
1 (17)
21 (43)
3(16)

2 (50)
5(17)
9(21)
4(17)
6(27)
6 (40)
1(5.5)
0

1 (20)
4 (44
8 (25)
n.d.

6 (24)

*Two of these specics may be synonymous with Lusitanian and Mediterrancan species.
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Table 3. Similarity betwcen provinces of the Atlantic Ocean. The Southeast Atlantic is excluded due to lack of mformation. In
this and all following tables only species considered valid in the present study have been included. CJ Jaccard’s Cocfficient; SD
Dice Coefticient: 1 Index of inclusion; N number of species included; n.d. not determined.

a.
CJ\SD

NE Atl cold
NW Atl cold
Lusitanian
Mediterranean
Caribbean
Brazil

NE Atl cold

NE Atl cold
N=11

13.3
15.9
16.7
1.69
n.d.

NE Atl cold

NW Atl cold
N=6

)
(98
n

4.55
4.76
7.84
n.d.

NW Atl cold

NW Atl cold 333 -

Lusitanian 63.6 333
Mediterranean 63.6 333
Caribbean 9.09 66.7
Brazil n.d. n.d.

ga Lemche, 1974 is a subtidal variety of C. bellunla d°Or-
bigny, 1837. Limapontia depressa may be the only endem-
ic from this eold-water region, and even that speeies may
oceasionally be found further south on the Freneh Atlantie
coast (M. PODDUBETSKAIA. Bordeaux, pers. eomm. 2006).
The other two speeies of Limapontia only extend into the
Lusitanian and/or Mediterrancan provinee (PRUVOT-FoL
1954; SCHMEKEL & PORTMANN 1982); L. capitata oeeurs
in all three provinees and L. senestra oeeurs in two
provinees. L. capitata 1s also the only sacoglossan
reeorded from leeland and the Faroe Islands (PLATTS
1985). Henee the genus Limapontia is probably a cold-
water, curythermal genus, which is endemie to the North-
cast Atlantie-Mediterrancan region. Various records exist
of unidentified speeies of Limapontia from other regions
(c.g. ENGEL et al. 1940; BURN 1973; SCHRODL 1996). How-
ever, these need eonfirmation as many speeies of Ercola-
nia lack cerata in juveniles.

One species, Hermaea variopicta, has its northern limit
along the south eoast of the UK (LEMCHE & THOMPSON
1974). Two speeies, Elysia viridis and Calliopaea belli-
la, have their northern limit around Trondheimfjord (BRAT-
TEGARD & Horthe 2001). Four speeies, Alderia modes-
ta, Placida dendritica, Limapontia capitata and L. senes-
tra, oceur in the northernmost part of Norway (VADER
1981; BRATTEGARD & HOLTHE 2001; EVERTSEN & BAKKEN
2002; pers. obs.), and all three speeies of Limapountia plus
Alderia modesta have been reeorded from the White Sea
(ROGINSKAYA 2000; MARTYNOV et al. 2006). Prior to 1997

Lusitan. Medit Carib Brazil

N=40 N=38 N=49 N=19

27.5 28.6 3.33 n.d

8.70 9.09 14.5 n.d.
66.7 31.5 13.6

50.0 = 23.0 n.d.

18.7 13.0 - 47.1

7.27 n.d. 30.8 -

Lusitanian Medit Carib

68.4 - -

35.0 26.3 -

21.1 n.d. 84.2

P. dendritica had not been recorded from Norway north
of the Bergen arca (EVERTSEN & BAKKEN 2002).

Five speeies appear to be endemie to the Lusitanian
provinee. These have all been deseribed after 1980, so it
1s possible that they will be found in neighboring regions
in the future. The Canary [slands has the highest speeies
diversity of this region (27 of 40 speeies have been record-
ed here). A number of Caribbean speeies have been reeord-
ed from these islands in reeent years (ORTEA ¢t al. 1998).
Sinee the sacoglossan fauna of these islands has been well
documented over many years (ORTEA 1981; FERNANDEZ-
OVIES & ORTEA 1986; CERVERA et al. 1988; ORTEA et al.
1990; TEmpPLADO et al. 1990), and only onc or a few spee-
imens have been eolleeted at one single time far from their
native distribution area, these speetes have most likely
been transported by human aetivities (CHAPMAN & CARL-
TON 1991). Few speeies have been reeorded f{rom
Madeira, Salvage, Cape Verde and Azores Islands (ORTEA
1981; ORTEA & TEMPLADO 1990; ORTEA et al. 1988, 1990,
1998: MALAQUIAS & CALADO 1997; JENSEN 1995, in
prep.). There is an old record of the shelled Ascobulla frag-
ilis from the Atlantie coast of Spain, whieh 1s eited in more
recent publications (PILSBRY 1895; PrtsvoT-FoL 1954;
CERVERA et al. 2000). As this speeies feeds exelusively on
Canlerpa, whiech does not extend this far north
(DOUMENGE 1995), this needs to be re-examined.

Eight speeies are endemie to the Mediterranean. Some of
these may be synonyms of other speeies with wider dis-
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tributions (SCHMEKEL & PORTMANN 1982: THOMPSON
1988). Eight amphi-Atlantic (one of which may be cos-
mopolitan), eight Northeast Atlantic-Lusitanian, and five
endemic species do not extend into the eastern basin of
the Mediterrancan. Only four species found in the cast-
crn basin of the Mediterrnancan do not occur in the west-
ern basin; two of these have been described recently
(Tromprson 1988). The total number of sacoglossans in
the eastern basin is only 17 whereas 34 species are known
from the western basin (SWENNEN 1961; BARASH & DANIN
1971; SCuMEKEL & PORTMANN 1982; THOMPSON 1983
BoucHeT 1984; Triompson et al. 1985; THompsON 1988:
THOMPSON & JAKLIN 1988; CATTANEO-VIETTI & Triomp-
SON 1989; CERVERA et al. 20006). The southern coast of the
Mediterranean has been insufficiently studied. It is uncer-
tain whether two or threc species extend into the Black
and Azov Seas. Limapontia capitata and Calliopaea bel-
lula (as Stiliger bellulus) have been recorded previously
(MURINA & ARTEMIEVA 1997), but recent pictures on the
Sea Slug Forum (KUrRAKIN 2002) have shown that Ercola-
nia viridis 1s present, and 1t remains to be seen whether
the spccies previously identified as C. bellida has been
misidentified, or whether both species occur.

The Lusitanian and Mediterrancan provinees have very
high similarity indices (Table 3). The combined number
ol species amounts to 52, which is very close to the species
diversity found in the Caribbean. However, the number
of Plakobranchidae is lower in the eastern Atlantic
provinces (Tablc 9).

BRIGGS (1995) recognizes one circumpolar Arctic region
comprising Spitzbergen, Greenland and the northern
coasts of North America and Russia. No sacoglossans have
been recorded from Spitzbergen (GULLIKSEN ¢t al. 1999)
or the north coast of North America (BLEAKNEY 1996
GODDARD & FOSTER 2002). The four species occurring in
the White Sea also occur in the Russian part of the Bar-
ents Sca (ROGINSKAYA 2000; MARTYNOV ¢t al. 20006). In
addition, MARTYNOV ¢t al. (2006) mentions an old record
of a single juvenile specimen of Placida dendritica from
Kola Bay. This indicates that this area is influenced by the
North Atlantic Current and should be included in the bo-
real region. The single specimen of Alderia modesta
recorded from western Greenland (PLATTS 1985) could be
attributed to larvae transported from Canada, which may
occasionally be able to find suitable habitats for metamor-
phosis in Greenland. The latitude of Disko Fjord is about
the same as northern Norway, where the species occurs
regularly. It should be mentioned that in Danish watcrs this
species seems to have disappeared from localitics where
prior to 1997 it was abundant (pers. obs.). Whether this
1s due to habitat deterioration or increased temperature is
unknown.

The fauna of the Northwest Atlantic 1s also very well stud-
ied (e.g. MARCUS & MaRrcuUs 1970, Marcus 1972a.b;
MaRrcus & HuGHES 1974; CLARK 1975 JENSEN & CLARK
1983: BLEAKNEY 1996), though new species are still be-
ing described from the tropical waters (ORTEA & ESPINOSA
1996, 2000, 2001, 2002; CABALLER et al. 2006; PIERCE et
al. 2006). Only 6 species occur in the cold temperate
province; one of these, Placida deudritica, may be cos-
mopolitan (BLEAKNEY 1989) and one, Alderia modesta, is
circum-boreal. Apparently only one species, Elysia catu-
[us, 1s endemic to the Northwest Atlantic cold water re-
gion (CLARK 1975). This species feeds on the scagrass
Zostera wmarina, which does not occur in Florida. It is pos-
sible that £. catnlus is a dark pigmented variety of the oth-
er scagrass feeding species, Elysia serca (JENSEN 1982),
mn which case there will be no endemic species for the
Northwest Atlantic. Ercolania fuscata may occur from No-
va Scotia, Canada to Sao Paolo, Brazil, but this distribu-
tion 1s based on synonymization with £. vauellus and E.
talis (JENSEN & CLARK 1983). Two species. Elvsia clilorot-
ica and Hermaca cruciata, have their southern limit in
Florida (JENSEN & CLARK 1983), 1.e., just south of the
cold-water region. The former species also occurs in the
northern part of the Gulf of Mexico (BOONE 1982), and
the latter has its northern limit in Massachusetts (MAR-
CUs 1972a). The species presently known as Limapoutia
zonata, and known only from its original collection
(Gourp & BINNEY 1870), is probably a flatworm: no
sacoglossan has transverse pigment bands.

A separate Carolinian province could not be distinguished
tfor sacoglossan opisthobranchs. and no difference is ev-
ident between the continental and insular parts of the
Caribbean (CLARK & DEFREESE 1987). including Bermu-
da (CLARK 1984), although these provinces were consid-
cred distinet by BriGas (1995). However, the majority of
studics ivolving sacoglossans are from the Caribbean is-
lands. The hmit between cold-water and tropical faunas
appears 1o be along the coast of Florida (JENSEN & CLARK
1983): 36 of the 49 Caribbean species have been record-
ed from Florida (TnompsoN 1977; MArcus 1977, 1980
Crark 1982; CLArRk & DEFReese 1987; PIERCE et al.
2000; VALDES ctal. 2006). The degree of endemism in the
Caribbean is exceptionally high (Table 2). Especially the
number of Plakobranchidac is high (Table 9), indicating
that speciation m this family has taken place within the
province. Five of the 21 endemic species have been de-
scribed after 1990, so they may be found outside this
province in the future or be synonymized with other
species. As for the Mediteranean and Lusitanian provinces,
synonymies are extensively debated and the status of sev-
cral species remains uncertain (JENSEN & CLARK 1983:
MARCUS 1980; VALDES et al. 2000).
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Table 4. Similarity of provinces of East Pacific. Due to the high similarity between Aleutian, Oregonian and Californian provin-
ces, these have been merged (Al+Or+Cal). Other abbreviations as in Table 3.

a

CJ\SD Aleutian Oregonian Californian AlH+Or+Cal Mex-Panam SE Pacific

N=6 N=8 =9 N=10 N=23 N=9
Aleutian - 85.7 66.7 - 27.6 n.d.
Oregonian 75.0 - 82.4 - 38.7 n.d.
Californian 50.0 70.0 - - 50.0 n.d.
Al+Or+Cal - - - 48.5 10.5
Mex-Panam 16.0 24.0 33.3 32.0 S 438
SE Pacific n.d. n.d. n.d 5.56 28.0 -
b.
I Aleutian Oregonian Californian Al+Or+Cal Mex-Panam
Aleutian - - - - -
Oregonian 100.0 - - - -
Californian 83.3 87.5 - - -
Mex-Panam 66.7 75.0 88.9 80.0 -

n.d. 11.1 77.8

SE Pacific n.d. n.d.

The genus Bosellia appears to be an Atlantic warm-wa-
ter genus with one amphi-Atlantic, one Canary Islands en-
demic (FERNANDEZ-OVIES & ORTEA 1986), and two
Caribbean species (MArcus 1973). There are some scat-
tered reports of Bosellia from the Indo-Pacific region
(Marcus 1978; Imamoto 2004; PrrtMaN 2004; RiEk
2006). However, too few specimens have been recorded
to either identify them as one of the described species or
decide that they are undescribed specics.

BRIGGS (1995) recognized a tropical Brazilian province ex-

‘tending to just south of Rio de Janetro. For sacoglossans,
most Brazilian species extend south to the area around Sao
Paolo (Marcus (Er.) 1955, 1957; MarcUs & MARCUS
1967; Marcus (Ev.) 1977). This can probably be ex-
plained by the extensive collecting activity of the Marcus-
es around Sao Paolo; 47% of the Brazihan spccies have
been described by them. Furthermore, more than 90% of
the Brazilian species also occur in the Caribbean (Table
3b), and the number of endemic specics is low (Tablc 2).
This 1s most likely also due to the activities of the Mar-
cuses in both these regions.

TrROWBRIDGE (2002) reviewed the Northeast Pacific
sacoglossan fauna. She recognized four provinces, but un-
fortunately the borders are not exactly the same as sug-
gested by BriGas (1995). This is especially evident for the
Californian province, in which Trowbridge records one
species of the bivalved genus Berthelinia plus a couple
of unidentified/ undescribed species. The present study
found no endemic species in the Aleutian, Oregonian and
California provinces and hence these were merged. Also,
no difference was obvious between the Mexican and Pana-
manian provinces, which have also been merged before

comparisons with other provinces (Tablc 4). In the Mex-
ican-Panamanian province four species have been record-
ed after the publication of Trowbridge’s paper (BEHRENS
& HERMOSILLO 2005; KRUG et al. 2007) and one species,
Ascobulla californica (originally described as Cvlindrob-
wlla californica by HAMATANI (1971)), was not considered
a sacoglossan by TROWBRIDGE (2002). The occurrence of
Alderia modesta in the Mexican-Panamanian region is
probably the recently described species, Alderia willowi
(KRrRUG et al. 2007), which occurs southwards from cen-
tral California. The monotypic genus Olea is endemic to
the Northeastern Pacific region, extending from the Alcut-
1an to the Californian province (TROWBRIDGE 2002). Her-
maea vancouverensis is a cold-water species, extending
across the Bering Strait to the Kurile province (CHERNY-
SHEV 2005). One specics, Elvsia hedgpethi, occurs from
British Columbia, Canada to Chile (SCHRODL 1996; TROW-
BRIDGE 2002), though the occurrence in Chile needs ver-
ification.

The species extending into the warm temperate region of
the Southeast Pacific almost all are shared with the trop-
ical Mexican-Panamanian region (SCHRODL 1996; TRoOw-
BRIDGE 2002; BEHRENS & HERMOSILLO 2005). Julia the-
caphora is considered the oldest name for J. equatorialis,
which was also described from the tropical East Pacitic.
Only four species have been recorded from cold-temper-
ate South America, one from the Atlantic coast and three
from the Pacific (MARCUS 1959; SCHRODL 1996; MUNIAN
& ORTEA 1997). Due to the low number of species and
sparse collecting activity, the species from the Southcast
Pacific coast have been considered as one province for
analyses.



262

Kathe R. JENSEN: Biogeography of Sacoglossa

Table 5. Similarity of Japanese biogeographic provinces and of Northwest and Northeast Pacific provinces. The Japanese provin-
ces have also been compared to the neighboring Central Pacific sub-province. Abbreviations: see Table 3.

a.
CJ\SD Japan cold
temp., N=26

Japan warm
temp., N=41

Japanese cold temp. - 59.7
Japanese warm temp. 42.6 -
Ryukyu 15.7 233
Central Pactfic 14.9 22.7
NW Pacific cold temp. - n.d.
NE Pacific cold temp. n.d. n.d.
b.
I Japan cold Japan warm
temp. temp.
Japancse cold temp. - -
Japanese warm temp. 76.9 -
Ryukyu 30.8 424
Central Pacitic 38.5 41.5
NE Pacitic cold temp - n.d.

Four biogeographic regions or provinees can be distin-
guished along the eoasts of Japan. Biogeographieally the
southernmost archipelago of Ryukyu belongs in the vast
tropical Indo-Polynesian provinee (BrIGGS 1995), but be-
g under Japanese jurisdietion, the sacoglossan tauna has
been studied mostly by Japanese scientists (c.g. BABA
1936; HAMATANI 1980; 1cHikAawA 1993). Henee Ryukyvu
has been meluded in both analyses of the Japanese fauna
(Table 5) and of the Indo-West Pacifie onc (Table 7). The
warm-water temperate region comprises southern and
eastern Japan, ineluding the well studied Scto Inland Sea
and Sagami Bay. The eorresponding eontinental eoast of
China has been msuffieiently studied, and only 14
speeics have been reeorded from southern Korea (Kou
2002a.b. 2003, 2005a.b.e; RUDMAN, Sydney. pers. eomn.
2007). The cold-water temperate oriental provinee in-
cludes the eentral and western eoasts of Honshu, where-
as the northernmost 1sland of Hokkaido belongs to the
Kurile provinee (BriGgas 1995). The cold-temperate fau-
na of Japan contains more speeies (N=26) than any oth-
er eold-water fauna. A few shelled speeies extend into this
provinee. whieh is also scen in southern Australia, but not
in other cold-water provinees. Only three additional
sacoglossan speetes have been reeorded from the Kurile
provinee (BABA 1935; CHERNYSHEV & CHABAN 2005:
TrROWBRIDGE 2000) and these were only ineluded in the
comparison of Northeast and Northwest Pacifie eold-wa-
ter faunas (Table 5). The highest number of speeies has
been recorded from the warm temperate region (e.g. BA-
BA 1949, 1952a,b. 1955, 1957, 1959, 1966; 1968:
HAMATANT 1968, 1969, 1972, 1976a.b, 1994; KAWAGUTI

Ryukyu Central Pacif. NW Pacif. cold  NE Pacif.
N=33 N=51 temp., N=29 cold temp.
) N=10
27.1 26.0 - n.d.
37.8 37.0 n.d. n.d.
- 38.1 n.d. n.d.
235 - n.d. n.d.
n.d. n.d. - 20.5
n.d. n.d. 11.4 -
Ryukyu NW Pacif.
cold temp.
48.5 -
n.d. 40.0

& BABA 1959; HIRANO et al. 2006); in fact BABA deseribed
59% of the speeies from this provinee and 69% of the
speeies from the eold-water region of Japan. A few of the
species deseribed by BABA have been synonymized with
more widespread Indo-West Pacific speeies (BABA 1974,
JENSEN 1985). On the other hand, many of BABA's specics
have been identified outside Japan (JENSEN 1985; CARL-
SON & Horr 1978, 2003: BURN 1998, 20006).

The Northeast Australian and Great Barrier Reef faunas
(BURN 1966b: THOMPSON 1973; MARSHALL & WILLAN
1999; WAGELE & JOHNSON 2001) are so elosely related to
cach other that no endemies have been reeorded from the
Great Barrier Reef and only one endemie speeies. Placi-
da fralila. has been reeorded from Northeast Australia
(Table 2). Hence these two provinees were merged for
similarity analyses. and the eombined provinee has two
endemie speeies (Elvsia bennettae, P fralila). For the
Great Barrier Reef 30% of the speeies were listed as
unidentified and/or undeseribed (MARSHALL & WILLAN
1999). This part of Australia has been ineluded in the In-
do-Polynesian provinee by BriGaGs (1995). This is support-
ed by the low endemieity, and also. the similarity with the
fauna of the South Pacific islands is higher than with any
of the other Australian provinees (Tables 6 and 7). The
North and Northwestern Australian fauna has rather high
simtlarity to the Western Indian Ocean fauna (Table 7).
This 1s in spite of the faet that almost 40% of the speeies
have been deseribed by the present author within the last
20 years (JENSEN 1993b, 1997b.c: JENSEN & WELLS 1990).
The fauna of the South and Southwestern Australia has





























































