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IN T E R P R E T A T IO N  O F V A R IC ES A ND G R O W TH  RID G ES ON S H E L L S O F
E U P L E U R A  C A U D A T A 1

In some bivalve mollusks, growth ridges are formed 
annually and can be used to determine age. For example, 
the Pismo clam (Weymouth 1923), the Pacific razor 
clam (Weymouth, McMillin and Holmes 1925), and the 
Pacific cockle (W eymouth and Thompson 1931 ) can be 
aged accurately by counting shell ridges. To my knowl­
edge, only Magalhaes (1948), who found that from none 
to 3 growth ridges a year are formed on shells of 
Busycon canaliculatum and B. carica with no apparent 
relationship to age, and Clarke (1956), who states with­
out experimental evidence that ridges on shells of N as­
sarius trivittatus probably have no relationship to age, 
have treated this subject with regard to snails. Cole 
(1942) attempted to assign ages to smooth oyster drills, 
Urosalpinx cinerea, by counting ridges on the siphonal 
canal, but he did not determine beforehand whether they 
were correlated with age. Andrews (1956) questioned 
Cole’s conclusions on this account.

F ig . 1. Shell of Eupleura caudata. Arrow  points to 
siphonal canal growth ridge. Lines at left and right show 
where shell was cut for Figure 2. Shell measures 22.0 
mm in height.

It might be suspected that growth ridges on certain 
snails do not represent yearly markings because the dis­
tance between successive growth ridges is usually con­
siderably smaller than yearly increments in growth. 
For example, recent observations at the Virginia Fish-

1 Varices are prominent ridges parallel to the margin 
of the aperture on shells of certain snails. This 
research was conducted under a contract at the Virginia 
Fisheries Laboratory with the U. S. Fish and Wildlife 
Service, No. 14-19-008-2372, Study of Oyster Drills in 
Chesapeake Bay.

eries Laboratory of the rough oyster drill, Eupleura cau­
data, show that, whereas the distance from the siphonal 
growth ridge to the tip of a fully grown siphonal canal 
where the next growth ridge would appear may meas­
ure 2 to 6 mm, shell growth may exceed 10 mm a year 
(Figure 1).

Records of individual E. caudata actually showed that 
these snails do not deposit a consistent number of varices 
and siphonal canal ridges per growing season (Figures 
1 and 2). Growth of this drill in Virginia waters ex­
tends from about the beginning of May to the end of 
October. In contrast to U. cinera which may have sev­
eral or many small and usually poorly-defined growth 
ridges on its siphonal canal, E. caudata usually has one 
prominent ridge. When the first varix has been laid 
down, when the drill is 10 to 15 mm high, there is no 
ridge on the siphonal canal. A fter this, shell growth usu­
ally occurs as half-whorl increments. A thin layer 
of new shell material is deposited through an arc of 180° 
and then it flares out to form another varix. While 
this layer is being reinforced from the inside with suc­
cessive layers of new shell, there is growth neither 
laterally at the varix margin nor longitudinally at the 
siphonal canal tip. It takes approximately 7 weeks to 
form and reinforce a half whorl. W ith its formation, 
a new growth ridge which consists of a line of de­
marcation between the tip of the old siphonal canal and 
the new shell appears on the new siphonal canal. 
Varices and growth ridges are formed with each succes­
sive half whorl of growth and old ridges are grown 
over.

In May 1956, 60 drills, having at least one varix and 
measuring in height from 12.8 to 26.2 mm, were caged 
and examined once a month until fall 1957, i.e. through 2 
summers and a winter. The cages consisted of wooden 
frames with plastic screen sides and top (4 holes to a lin­
ear inch) and plastic screen bottoms (8 holes to a linear 
inch). The cages were 37 inches long, 16 inches wide and

F ig . 2. Shell cut approximately perpendicular to longi­
tudinal axis. Prominent ridges at left and right are 
varices. Four smaller ridges at bottom are axial ribs. 
Arrow points to place where growth of last half whorl 
of shell began. Shell grew in counterclockwise direc­
tion from here and stopped at varix on right.
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() inches deep, and included 8 c o m p ar tm en ts  9 x  8 x  
6 inches. F o r  suppor t  and  stabil i ty  they  w ere  tied into 
seasoned, ta r re d  sea-rac  oyste r  t r ay s  ( H e w a t t  and  A n ­
drew s  1954) and  suspended in the Y ork  R ive r  a long  
the lab o ra to ry  pier one foot f ro m  the  bo t tom  w ith  f rom  
one to  3 feet of w ate r  cover ing  them. A  male and fe­
male drill  were  kept  in each c o m p ar tm en t  w ith  several 
one- and  2-year  old oys te rs  for  food. A l th o u g h  ages 
of the dri lls  w ere  unknow n ,  it is p robable  th a t  both  young 
and  old dri lls  were included in the e x p e r im en t  because 
the ir  he igh ts  m atched  a lm ost  the full ran g e  of he igh ts  
of hundreds  of dri lls  collected ran d o m ly  f rom  na ture .

M ost  m a tu re  dri lls  in cages did not  g ro w  e ither  su m ­
m er  because g ro w th  of E. caudata  usua lly  ceases w ith  
the onset of sexual  m a tu r i ty  (unpub l ished  d a t a ) .  M a ­
tu re  females w ere considered  as those w hich  deposited 
em bryo  cases du r in g  the exper im en t .  I m m a tu re  fe­
males did not  deposit  cases. M a tu re  males had  a full- 
size penis. G ro w in g  dri lls  did not form a consistent  
num ber  of half  w horls  and  coincident var ices an d  si­
phonal g ro w th  r idges per  g ro w in g  season. E ig h t  ind i­
viduals each fo rm ed  2 in one sum m er ,  appa ren t ly  a n o r ­
mal n u m b er  because m any  wild dri lls  collected  in late 
sum m er  near  the cages also show ed 2 half  w hor ls  which  
appea red  to be new ly  formed. Seventeen  caged dri lls  
deposited  ju s t  one half  w horl  a sum m er,  but only 2 of 
these g rew  dur ing  both sum m ers .  A  single caged dr ill  
deposited 3 ha lf  whorls .  S evera l  drills  died or  w ere  lost  
du r in g  the e xpe r im en ta l  period.

I t  is c lear  th a t  varices and  siphonal  g ro w th  r idges on 
shells of E.  caudata  cannot  be r e g a rd e d  as year ly  f o rm a ­
tions and  probably  have  litt le value in d e te rm in ing  age 
of drills.

I wisli to th a n k  D r .  W il l iam  J. H a rg i s ,  J r .  for gu id ­

ance d u r in g  this s tudy, and  D r .  J .  D. A n d re w s  for  c r i t ­
ically read ing  this paper.
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T H E  A V A I L A B I L I T Y  O F  A  M I N I A T U R E  B O M B  C A L O R I M E T E R  F O R  E C O L O G Y

A  m in ia tu re  bomb ca lo r im ete r ,  described  by M c E w a n  
and  A n d erso n  (1955),  is now  being tes ted  w ith  re fe rence  
to  biological m a te r ia l  a t  the U n ivers i ty  of M ich igan .  
Individual  samples of biological  m a te r ia l  as small  as  
6 mg can  be burned  and  es t im at ion  of calories  re leased  
on complete  com bustion  can be p rov ided  with  an e r ro r  of 
the o rd e r  of 5%  (1 c/o on la rg e r  sa m p le s ) .

D a ta  of this type m ay  be of value for  tw o  reasons  :

1. S tudies of popula tion  an d  com m unity  energet ics  rely  
heavily  on ca lor ic  d e te rm ina t ions  (d iscussed  in S lobodkin  
1960).

2. T h e re  is in tr ins ic  ev o lu t ionary  in te re s t  in the d is­
t r ibu t ion  of calories  per  g r a m  a m o n g  animals .

It  seems advisable  to bu rn  as wide a var ie ty  of m ic ro ­
fauna  samples as possible,  while the bomb is available.  
W e  will, therefore ,  a t te m p t  to p rov ide  ca lor ic  analyses 
in exchange  ior a pp rop r ia te ly  p r ep a red  and labeled samples 
of m ic ro fauna  ( i.e. an im als  of less than  50 mg dry  
w e ig h t ) .  N o  m ore  than  3 o r  4 analyses  can be m ade in 
a w ork ing  day,  so th a t  we can not  g u a ra n te e  rapid  r e ­
sults, but we will t ry  to  keep up w ith  the  dem and.

Sam ples  should be accom panied  by com plete  tax o n o m ic  
and  collecting data.

FYozen dr ied  m a te r ia l  is best. A l te rna t ive ly ,  samples 
m ay  be d r ied  for 24 hours  a t  60° C in a v acuum  oven 
a n d  m ailed  in sc rew  topped vials or  w e igh ing  bottles . 
Low  d ry in g  t e m p e ra tu re s  a re  advisable  to p reven t  loss

of volati le,  energy  rich, compounds.  A  per iod  of s t a r ­
vation p r io r  to d ry in g  will  help avoid  con tam in a t io n  w i th  
gu t  contents .

A n y  chemical  analyses  of duplica te  samples to those  
b u rned  in the bomb would  be of g r e a t  value.  C o m b u s­
tion t r a in  ana lys is  for C, H  and  N would  pe rm i t  a p ­
p ro x im a te  w e igh t ing  for the  p ro te in ,  c a rb o h y d ra te ,  fa t  
ra t io  (S p o e h r  and  Alilner 1949).

O u r  resu l ts  will be exp ressed  as c a l /g m .
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