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STUDIES OF BIVALVE LARVATE USING THE SCANNING ELECTRON
MICROSCOPE AND CRITICAL POINT DRYING

R.D. Turner¥and P.J. Boyle*

INTRODUCTION

The study of minute organisms using the Sceaning’

Electron Micrascope (SEM) is now routine buf the
quality of the resulls is directly proportional fo the
care with which specimens are selected and prepared.,
Conxequently the fechiniques used and the care taken
i cleanivg, deving and mounling specimoens are most
imporiant for suceesstul SEM work,

The purpose of this paper is o point out some of
the problens that may be encountered working with
Bivalve larvae and to present techniques which we

have found fo be successful, Our resesich involves .

problems which we have found can best be accom-
plished and Mustrated using the SEM: 1) Studies on
the variation in the scuipture and hinge structure of
the valves of pediveliger larvee and their importance
in systematic work both on an inter and intra specific
level 2) Studies of larval transport by currents based
on the ability fo identify larvae to species 3} The
morphology of the foot, velum, apical “flagellum®™,
cilia and microvilli of pediveliger larvae to aid in an
understanding of their function and their possible use
in systematic work.

PREPARATION OF SITELLS |

Bivalve larvac form a muajor compoenent of the
plankton {Thomon 1946 Thicde 1974) angd thouph
the prercentage varies greatly with season and locality,
farpe numbers are routinely taken in plankton tows,
Most of these larvae, unfortunately, remain umiden-
tHled or gre deferniined only 1o family or possible
goenus, MoeBride (1914 betieved that the veliper irvae
of biviedves were so sinviar that they could not be
distingaished, Siace that thioe many papers on bivalve
larviee have hoen published, the more notable recent
ones being those of Joroeasen (1946), Rees {(1930)
and Loesanotr) and Dovis (19633, Loosanoff, Duvis
and Chanley (19663, Chinloy and Aadres (19710 All
of these authors, however, depended largely on shell
shape and sive fo distinguish species, the hinge struc-
ture and sculpture generally being bevond the ability
of the instruments then available to examine and

photograph them. The shelis of bivalve larvae seldom
resch 400 microns in length, most are strongly
convex and many are nearly spherical, characters
which make them nearly impossible to photograph
through the light microscope.

Turner and Johnson (1969) and Scheltema (1971)
using the SEM Ulustrated two species of teredinids
which showed muarked differences i sculpture and
hinge structurz, We have now examined 6 additional
gspecies of teredinids and 3 pholads using the SEM and
on the basis of these micrographs it is apparent that
the sculpture and hinge structure can be effectively
llustrated and that larvae of species within the same
genus can be readily distinguished. Al of the larvae
which we have used in our SEM studies are reared in
the laboratory from known parenis so that identifi-
cation to species is positive.

Cleaning the tiny larval shells is one of the major
problems in SEM work. The soft parts can be
removed from preserved or relaxed living specimens
by teasing with fine needles, soaking in a weak base
or digestive enzyme, or by sonicating. These methods
are not always successful, particularly if the valves
are tightly closed. and many of the specimens may be
lost in the process. ¥ living larvae are available
feeding them to smatl ancmones 8 an effective way of
cledning them, The anenmones digest the soft parts
and cgost empty, gaping valves, The sea anemones, all
less than | cm in diameter, are kept in a series of petri
dishes and the larvae are pipetted directly onto the
tentacies, To insure complete removal of all soft
tissue fhe anemones should not be over fed, so no
nmore than five larvae should he given at one thne.
The paping valves should be picked up immedintely
on release from the anemones before they become
covercd with bacteria and debris. (Culliney, Boyle and
Turner, 1975),

To turther clean the valves they should be washed
S or 6 times by gently shaking them for 3-4 minutes
in a small vial of distiled water to which a minute
drop of Teel or other detergent can be added. After
cach wash the water should be decanted or pipetted
off the valves immediately after they settied to the
bottom, The process should then be repeated an
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equal number of times using 75 to RO aleohol The
spreimens can then be stored m 958% alcohol as
recommended by Thirjet-Ouidvreux (1972},

If the shells, on inspection with a compound
microscope,  look completely  dean they can be
mounted on metal stubs using double coated tape or
otiter  adhesives, coated with gold-palladiuin znd
examined under the SEM.

This process, however, may be unsatisfactory for
three reasons: 1) The valves are seidom clean enough
for the high magnifications possible with the SEM 2)
Mounting individual valves on the stub is extremely
time consuming and specimens may be damaged or
pick up dirt in the process 3} Specimens mounted on
double coated tape or other media available at the
present time are, in a matter of a few months, envel-
oped by the medium and so Jost, Consequently, rare
specimens or those needed for a permanent museum
record should not be examined with the SEM.

The procedure used in our studies bugan with the
cleaning of the shells as outlined above and storing
them in 93% cthyl alcohol. Final preparation for SEM
exanmunation consisied of rinsing the specimens in
distilled water, plecing them in an ultra filtration cell
{Amicon Model 12 without the stirrer) using a PM 30
Drizglo wltra filter. The filter wias numbered for iden-
tification purposes with a fine Esterbrook Perm-color
pen, and placed in the bottom of the ultrafiltration
cell, The ceil was filled 12 to 2/3 with distilled
wiater, the specimens pipetted in and the top clamped
into place, The cell was connected to a nitrogen tank
and then submerged in a water bath in a 3M sonicator
(Plute 1, fig, 5). After sonicating for about ] minute,
the nitropen was turned on sradually and the water
was slowly replaced by nirogen. As soon as the
mitregen began (o bubble out of (he vent on the
bottom of the cell it was removed from the bath and
the nitrogen alfowed (o continue {0 pass through the
fHrer untit it appeiared dry. This deposited the speci-
mens on fhe surface of the plastic filter apd they
adhiered firmly to it. The fiiter was removed, after
drying the outside of the cell, and examined under a
dissecting microscope. 1T it was sl damp some
rearranging of the specimens was possible usiig a fine
ieedle, When tie Jilier was dry (this is very important
for suceessiyl couting} it was attached to the s{ith
with conductive paint and placed in the sputter
coufer, the pressure raised tor 200 psi and the speci-
mens coated with gold-palladium for about 1-1/2
minutes, The specimens were then ready for exami-
nation with the SEM. After examindtion and photo-
graphing, the filter was removed from the stub and
stored inoa small plastic box as u permanent part of
the collection (Plate 1, figs, 1-2}

The advantages of this system are: 1) It is relative-
ly casy to examine populations of larvae, 2) The
plastic filters do not “consume” the specimens, so the
picture is not the only permanent record of the
material examined thus permitting the examination
of rare specimens 3) It is possible to re-examine the
specimens years later, :
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Plate I

Fig. i. Filters with specimens
atfached affer examination
with  SEM  and  ready  for
storage in the collection.

Figo 20 Close up of filter
showing coated larvae,

Fig. 3. Capsule nmade from
pyrex tubing, plastic caps and
nytex for use in the critical
point dryer,

Fig. 4. Pick-up tool muade
fram  applicator  stick  and
double coated tape,

Fig. 5 Ultrafiltrstion cell i
sonicator and. attached (o
nilrogen tank,

PREPARATION OF SOFT TISSUR

The examination of soft tissue with the SEM s
relatively new and to date has been confined nandy
to bacteria, protozoa, phytoplankton. smuall inverfe-
brates and isolaled ssue (Anderson, 1951, 1956
Helenberg and Erickson 1973 — review and hiblio-
araphy; Paerl and Shimp 1973, Por and Bromivy
1974). An effective and commonly used proceduse
for preparing soft tissue for exumination with the
SEM is by critical point drying, the procedure used in
this study. Fo our knowledge this is the first time
relaxed bivalve lervae have been examined in this
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Phate I
Fig.
Fig.

V. Teredo navalis Linnacus, valve of pedivetiper {360 X).

2, Sculpture of the same {10006 X,

Fig. 3. Lyrodus pedicellatus (Quatrefoges), valve of pediveliger (260 X).
Fig. 4. Sculpture of the same {1000 X).
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Plate TII :
Fig, 1. Nornteredo knoxi Bartsch, valve of pediveliger (600 X).

FFig. 2, Sculpture of same (2000 X),
g, 3. Teredo fureifera von Marlens, valve of pediveliger {300 X,
Fig. 4, Seulpture of same (3000 X5,
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wiy . The {folowing procedures were used in preparing
of the specimens illustrated on Plate 4,

Kelavation of specimens. o obtain fully relaxed
specimens T00-200 active Iarvae were placed 1o g peind
dihy wirh SO midoses water and 8§ ml of 7,87 MpClhy
made with distilled water. They were keft undisturbed
Tor 1 hour, or until most Lirvae were swoonming, then
ancihier Boanb of the MeCi solvton was added and
within an lour the speeinens were fuily relaxed.
Experience, bowever, has shown that the reaction of
barvae  differ, Lyrodus pedicellans relaxed readily
with MgCly but not with propylene phenoxetol whule
Mariesia sirigra retaxed in both solutions, Experiimen-
Lation 1s needed to find the best relaxant for a given
speoies, Wheno the garvae were tally relaxed  the
soliution was pipeticd off feaving only coough 1o
cover  the specimens, Further immobilization was
avcomplished by placing the dish in the refriperator
for 13 mmutes and then in the freezing compartiment
until the first ice crystals began to form at the edge of
the dish, This must be watched carefully because the
spectmens must not be allowed to freeze,

Fivation. The specimens were fixed by flooding
them with chilled 2% glutaraldehyde buffered with
sodium cacaodylate {0.025 M in seawater), We dissolve
1.07g sodium cacodylate in 200 ml of 1y filtered sea
witer; wdd 5.0 ml of 25% glutaraldehyvde 1o 92 mi of
the bulfered sea water. This solution was changed 3
times @t 5 minute intervals. At this stage the speei-
mens can be stored for a few weeks unfrozen in the
refrigerator,

Dehydrarion, Pehydration of the specimens is
accomplished by running them up through a series of
niiscible Hauids to lguid €07 (such that at no time is
there a hguid-liguid phase boundary which would
distort the specimens). This s accomplished in 3
steps, 1) The aleohol series. The water s gradually
replaced by aleohol to 100%, Concentrations, time
Intervals and the number of changes per concen-
tration arc shown in Table 1. The alcohol solutions
from 7.5% to 50% were made with 3.5% sodium
chlorde solution adjusted to pH 8 which is isotonic
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with sea water 1o prevent osmic shock fo the fixed
tissue, Alcohols from 75% to 93% were made with
distilled water to prevent the precipitation of sults on
the surface. H necessary, specimens can be stored for
a short time in 95% alcohol. 2) The amyl acctate
series. The steohol was gradually replaced with amyl
acetate, (which s miscible with both wleohal and
figuidd carbron dioside) aceording (o Table 110 Afier
the fast change e JOOY amyt acetate the specinens
were transferred to a confainer made 1o {1t the
“homb chamber of the corirical pomt dryer., This
container was made from pyrex tubing fitted at cach
end with a plistic cap from which the center had
been removed. A dise of nylon screen {(nviex) of a
mesh size small encuph to contain the spechinens was
phievd over the ends of the tube and the plastic cap
pushed firmly into phice. The tube containing the
sprceimens to be dried was submoerged inoa bottle of
1005 amy!l acetate until it was placed in the critical
point dryer,

Replacement of amyvl acetare by fiquid Clo, After
checking the critical point dryer to be sure that every-
thing was functioning properly the container of speci-
mens was removed from the jar of 100% amyl
acetale, drained briefly on a piece of paper towel to
remove excess liquid and sealed quickly info the
bomb which must be at a temperature of 25°C or
below, For a discussion of the principle behind the
functioning of a critical point dryer, the critical
temperature and  pressure, see Anderson (1951,
1956). There are now several models of CPD’s on the
market, each with its own manual of operation and
this should be studied carefully before the specimens
are placed in the bomb chamber.

After removal of the specimens from the dryer
they should be mounted immediately in as dry and
clean an atmosphere as possible so that the specimens
do not pick up moisture or dirt. If they cannot be
mounted immediately they should be left in the con-
tainer and placed in a dessicator.

Attachment of specimens to the siub. Two dissec-
ting microscopes were used for this process: under

Fable I - Time Table -~ The Alcohal Series Table 1 Time Table - Amybacelate Series
T ETOH Time (min.) # of Changes  Notes % Amyl acetate Time No. of Changes
7.5 1 1 Made with 3.5% NaCl solution 20 1 min. 1
adjusted to pH 8 30 5 |
7.5 20 i ” " 46 6 :
15 1 i ': : 60 6 '
i5 20 L 30 6 .
30 : I ) ) 100 6 3
30 20 t ” ”
50 1 ” "
50 20 l ” ”
75 5 6 Made with distilled water
unbuftered
HS 5 8 " "
43 5 i0 ” "
Can store for short peried
100 ¢ 3
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Plate IV - Critical point dried L
Fig. 1. Side view of entire larvae with foat and velum ¢
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- 2. Enlargement of cilia on the velum {1000 X

yrodus pediceliatus (Quatrefages).

xtended, note the cilia covering the foot (180 X).

Fig, 3. Anlerior view of vellum showing the ‘apical flagedum’ (200 X}

Fig

4. Bnfargement of the “spical flagelluim™ (2000 X,
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one we lud the toose dried specimens and uader the
other the stub with double coated tape on which they
were 1o be mounted. The specimens were iransferred
from the tube to o shide o fow at 3 time by gently
tapping the side of the tube, They were picked up
o at g time wsing w picee of double couted tape
wittch hud bueen cot to o fine point, wrappad around
the end of o soal appheator stick and then frinmed
to the finest possibic point. By gently teuching the
Cpoint of the double siwk tape to the dried specimen
iCowas vusty picked up, tramsferred 1o the stub and
placed e the desired position without duanmage to the
spectmen., The specimens should be distributed on the
b w0 that they do onot inferfere with each other
during coutmy or when viewing with {he SEM. The
best mediim To Jdate for the mounting of oritical
paind dired speciniens s double costed tape becsuse
it abtows time for the careful transfer and plicemont
of specitiens not poatble with the guick drying
tiquids, The disadvantage s thet it will eventuably
“consuwme’” the spectinens, Tlowever, if ) after exami-
nation, the stubs are kept in a dessicator in a ool
plice they should laxt for a considerable thme. When
all specintens were mounfed on the stub the tape was
attached to the stub with conductive paint to reduce
charging. It wus then placed in & dessicator and kept
in 4 cool, dry place until ready for coating,

Cogring and  exasiinution, The specimens were
coated using a4 mini sputter coater and viewed with a
JEGL Inc. Scanning Electron Microscope model JSM
35,

CONCLUSIONS

Viarfation in sculpture of four specics of Tere-
dinidae is shown on Plates 2 and 3. The high magnifi-
cation possible with the SEM clearly shows the finest
growth lines on the valves, Since we know the exact
sge of these laboratory reared larvae, careful counting
of these growth lines should give us some indication
of their periodicity,

The most exciting result from the examination of
the eritica] point dried larvae was the demonsiration
that the apical HagceHum s not a single element but a
hundle of farge ciba (Plate 4).
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