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ALBERT M. GORDON Dwarf Males in the Teredinidae (Bivalvia, Pholadacea) 
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Department of Physiology and Abstract. Extreme sexual dimorphism in the Bivalvia is rare. The occurrence of 
Biophysics, Universily of Washington dwarf males in Zachsia appears to be the first case in the Teredinidae and the first 
Medical School, Seattle 98195 outside the Leptonacea. Female Zachsia release straight-hinge larvae that develop 

in the plankton and settle on living rhizomes of Phyllospadix. Larvae entering mantle 
Refenaces and Notes pouches of females become males. Evolution of this life history pattern is tied to 

S. Ebashil A. F. Ebashi, J .  Biochem. problems of living in a fragile, patchy habitat-that is, the rhizomes of Phyllospadix. 64, 465 (I%@; S. Ebashi and M. Endo, Prog. 
Biophys. Mol. Biol. 18, 123 (I%@; A. G. Szent- 

Gydrgyi* man, Int. Biophys. Rev. cyrol. J .  44, 55 707 (1976). 
W. Leh- Studies of the life history of Zachsia Z.  zenkewitschi lives in a restricted, 

2. A. Sobieszek and J. V. Small, J .  Mol. Biol. 102, zenkewitschi Bulatoff and Rjabtschikoff patchy habitat, but differs in that it in- 
75 (1976); R. Dabrowska, D. Aromatorio, J. M. 
F. shew, D. ~ ~ ~ ~ ~ h ~ ~ ~ ~ ,  J .  ~ i ~ ~ h ~ ~ .  17, 253 1933 (1) conducted at the Vostok Field habits living rhizomes of the sea grass 
(1978). 

3. E. B. Ridgway and C. C. Ashley, Biochem. 
Station in the Soviet Union (2) revealed a Phyllospadix iwatensis Makino rather 

Biophys. Res. Commun. 29, 229 (1%7); C. C. case of marked sexual dimorphism-that than associating with a marine inverte- 
and E. B. Ridgwayy J .  Physiol. is, dwarf males (3) in the Teredinidae. brate. Specimens studied were dissected 209, 105 (1970): 

4. The data In F I ~ .  IC imply that the increased We investigated the "tailed larvae" of from Phyllospadix collected at six local- 
calcium sensitivity is not simply a function of 
the previous force level but is also dependent on this little known species. These were ities in Vostok Bay. Additional speci- 
the time spent at that force. described as occurring in lateral mantle mens were collected by Y.Y. at Putjatin 

5. R. Natori, Jikeikai Med. J .  1 ,  119 (1954). 
6. C. C. ~ ~ h l ~ ~  and D. G. ~ ~ i ~ ~ ~ ~ ~ ,  J .  physiol. pouches just anterior to the siphons (I). Island, about 25 km west of Vostok, and 

(London) 270,627 (.197?). 
7. The relax~ng solut~on 1s identical to that de- 

It was these so-called larvae that proved at Vladivostok, the type locality of Z. 
scribed in (8) with no added calcium and with to be dwarf males. zenkewitschi. The following observa- 
EGTA as the chelator for calcium. 

8. D. C. Hellam and R. J. Podolsky, J.  Physiol. The occurrence of dwarf males among tions were based on the study of over 100 
(London) m, 807 (1969). the Bivalvia is rare and otherwise known specimens collected from these various 

9. The solutions contained 170 mM K propionate, 
30 mM Na propionate, 4.5 mM Mg-ATP, only in the Veneroida, superfamily Lep- localities. 
mM ~ g * ' ,  30 mM EGTA, 60 mM Tes @H 7.1). tonacea (4). Species with dwarf males Superficially adult female Z. zenke- 
20 m M  creatine phosphate, and 10 Ulml creatine 
phosphokinase. calcium EGTA was added to are small, parasitic on or commensal witschi look like other short-term lar- 
achieve the desired P C ~  (-Iog~dCaI). The relax- with a marine invertebrate (except Z.  viparous shipworms. The larvae are 
ing solution contained no added calcium. Solu- 
tions were mixed as described in (5). Before zenkewitschi), and so far as known, brooded until the straight-hinge stage 
each contraction, the fiber was transferred from brood their larvae. an EGTA relaxing solution to one with HDTA and released en masse when 80 pm long 
(hexamethylenediamine-N,N,N',N'-tetraacetic Like other species with dwarf males, and 70 pm high. They reach the pedive- 
acid, a weak Ca2+ buffer) replacing the EGTA, 
in which the fiber remained relaxed but from liger stage after feeding in the plankton 
which force developed more rapidly when the for 2 to 3 weeks. In laboratory cultures 
fiber was transferred into a Ca" activating 
solution. Fibers immersed in an EGTA-buffered most larvae swim near the bottom of the 
subthreshold Ca2+ solution showed the same 
effect and also the force-pCa hysteresis. All 

culture dish, suggesting that in the field 
solutions were stirred to increase the speed of they probably swim in the sea grass beds 
the force response to a solution change. 

10. In addition, the slope of the relaxation curve is rather than the turbulent surface waters 
slightly less steep. We also observed this hyster- and that wide-ranging dispersal is proba- 
esis in skinned frog and rat skeletal muscle. 

11. We examined the effects of changing force in bly by adults in floating sea grass. 
both directions. Stretch causes free calcium to Experimentally we have not succeed- 
disappear; release causes free calcium to appear - 
(Fig. ID) (E. B. Ridgway and A. M. Gordon, in 

" ed in getting pediveliger larvae to meta- 
preparation). 

12. This is supported by the facts that the magnitude 
morphose, but field and laboratory ob- 

__.___I- ----- 
of extra free calcium (i) is increased under , --- 'a servations indicate that larvae which set- 
conditions when more activating calcium is 
present (increased or paired stimulation), (ii) is tle on Phyllospadix that is not inhabited 
correlated with the force redeveloped after the by Zachsia will penetrate and metamor- 
length change (like the classical "active state" 
experiments), and (iii) has a time course inter- Fig. 1. (A) Lateral view of posterior end of a phose females. Pediveligers 
mediate between the calcium transient and female zachsia zenkewitschi showing si- on rhizomes already inhabited by a fe- 
force, as would be required for calcium bound to 
an activating site. Alternative sources of extra phons, left pallet, mantle collar, and left man- male will crawl into one of the mantle 
calcium-the sarcoplasmic reticulum (SR) or the tie pouch (arrow) containing dwarf males pouches, which open into the cavity of surface membrane--can be ruled out on the (preserved specimen, x9). (B) Mature dwarf the mantle collar at the base of the basis of control experiments. See A. M. Gordon male zachsia zenkewitschi removed from the and E. B. Ridgway [Eur. J. Cardiol. 7-27 (1978)) 
and E. B. Ridgway and A. M. Gordon [ ~ i ~ ~ h ~ ~ .  pouch of the female (preserved specimen, siphons of the female, and metamor- 
J.  33.30a (1981)l for the SR; and A. M. Gordon ~ 3 0 ) .  phose into males (5). The pouch contain- 
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ing dwarf males can be seen through the 
mantle of the female (Fig. IA); there 
were 3 to 69 males per female in the 
specimens that we examined. Newly ar- 
rived pediveligers could not be distin- 
guished from those taken in plankton 
tows made in the Phyllospadix bed or 
those newly settled on the sea grass 
rhizomes (Fig. 2A). However, as meta- 
morphosis begins, the long foot of the 
pediveliger atrophies, a large highly con- 
tractile incurrent siphon and minute ex- 
current siphon develop, a granular ap- 
pearing triangular lobe develops anteri- 
orly, and the shell elongates and is inter- 
nalized by the mantle (Figs. 1B and 2D). 
Midway in this process the male appears 
to have three appendages, all of which 
are apparently ciliated, because on re- 
moval from the pouch they can crawl on 
the foot, siphon, or anterior lobe (Fig. 2, 
B and C). Males in all stages of develop- 
ment may be found in a single pouch. 
The largest male was about 1 mm long, 
the valves 208.5 pm long. 

Gonads of the female develop through- 
out the winter, and spawning of the eggs 
into the gills begins in mid-June, when 
the temperature of the water reaches 
20°C, and continues through July. The 
gametogenic cycle in males appears to be 
short, perhaps a month or less. In ripe 
males the anterior lobe is greatly en- 
larged to accommodate the conspicuous 
sperm balls (Fig. 2E). We have not yet 
identified the path by which the sperm 
reach the eggs and were unable to locate 
a direct connection between the pouch 

and the mantle cavity using histological 
techniques. Limited observations sug- 
gest that the male releases sperm balls 
into the mantle pouch through its excur- 
rent siphon, that contraction of the 
pouch forces the sperm out into the 
space between the mantle collar and the 
base of the siphons where they are 
picked up by the incurrent siphon of the 
female. Fertilization probably occurs as 
the eggs leave the gonopore or after they 
have been deposited in the gills. We do 
not know what triggers release of the 
sperm balls or coordinates this with 
spawning of the eggs into the gills. 

Teredinids have a wide variety of re- 
productive patterns but Z ,  zenkewitschi 
has the most complicated and unique. It 
probably evolved along with the habit of 
(i) brooding the larvae until the straight- 
hinge stage, which necessitates mantle 
cavity fertilization but allows for a dis- 
persal stage, and (ii) boring into Phyllo- 
spadix-that is, living in a dense forest of 
closely packed rhizomes where sperm 
released into the water column might be 
lost. We propose that (i) the presence of 
males in the pouches of the female en- 
sures a high percentage of fertilization of 
the eggs, (ii) there is ample gene ex- 
change because the males that reach the 
females as pediveligers are probably the 
progeny of some other female, (iii) a 
dioecious species that has dwarf males 
ensures the presence of both sexes 
should (as often happens) the sea grass 
be pulled from the rocks and float away, 
and (iv) the presence of only one borer 

Right valve m 
lobe 

f l  

Incurrent siphon \ , (rbCUIIICPjl 

-27 Sperm balls 

Fig. 2. Stages in the metamorphosis and development of the dwarf male Zachsia zenkewitschi. 
(A) Pediveliger larva at the time of entering the mantle pouch of the female. (B) "Trefoil stage," 
an early stage in metamorphosis when the foot, anterior lobe, and incurrent siphon are all nearly 
the same size. (C) Specimen about midway in the process of metamorphosis. (D) Nonreproduc- 
tive male. (E) Reproductive male. (A) through (C) Scale bar, 100 pm; (D) and (E) scale bar, 114 
mm. 

(female) per rhizome reduces the possi- 
bility of overcrowding and breakage of 
the plant. 

Zachsia zenkewitschi is now known 
from several localities in Japan, and its 
range is probably coextensive with that 
of P. iwatensis. However, it appears to 
be a rather rare species, apparently nev- 
er sufficiently abundant to become a pest 
of Phyllospadix, since as we have been 
unable to locate any reference to the 
borer in the botanical literature. A few 
specimens of a second, probably new, 
species of Zachsia have recently been 
found living in the sea grass Cymodocea 
rotundata near Tulear, Madagascar (6). 
A search of living sea grass rhizomes 
may well produce additional interesting 
relationships. Fragments of dead plant 
material have long been known to harbor 
teredine borers (7), but this is the first 
case of living sea grass with the borers. 
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