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ABSTRACT: N um erous sp ec im en s of N u cu lana  p ern u la  and  Yoldia  thraciaeform is  (B ivalvia: 
N u cu lan id ae) w ere  co llected  from d ep th s of 895 to 1500 m in the  N o rth w est A tlan tic  O cean  off 
N ew found land . S izes a tta in ed  by both sp ec ies  ap p ro ach  or ex ceed  p rev io u sly  reco rd ed  m axim um  
leng ths. T he p o p u latio n s are  do m in a ted  by larg e  ind iv id u a ls . L ittle ov erlap  in len g th s  b e tw e e n  the  
co h ab itin g  sp ec ies  is observed . B oring g astropods and  b e n th ic  fish are  id en tif ie d  as p re d a to rs  of sm all 
b ivalves a t th ese  dep ths. R apid grow th ra tes  early  in life, heavy  p red a tio n  on young  in d iv id u a ls , and  
s ize -re la ted  m echan ism s red u cin g  n iche  overlap  are  poss ib le  e x p lan a tio n s  of th e  o b se rv ed  size 
structure .

INTRODUCTION

N um erous spec im ens  of N uculana  pernu la  M üller  
and  Yoldia thraciaeform is  Storer (Bivalvia: 
N uculan idae)  w ere  am ong the inverteb ra te  fauna 
found at dep ths  to 1500 m in Carson Canyon, a su b 
m arine  canyon at 45°30 'N  off the sou theas tern  Grand  
Banks of N ew foundland . These 2 species  occur in the 
w estern  North Atlantic from the Arctic O cean  to the 
New Eng land  coast and  in the easte rn  north Pacific 
from the Arctic O cean  to coastal British C olum bia 
(Theroux and  Wigley, 1983). N. pernu la  is also found 
off easte rn  Siberia (Skalkin and  Tabunkov, 1969). N. 
p ernu la  and  Y. thraciaeform is have recorded b a th y 
metric ranges of 3 to 1643 m and  18 to 418 m re sp e c 
tively (Theroux and  Wigley, 1983) but information on 
d eep -sea  popula tions rem ains scanty. T abunkov  (1974) 
reports tha t tem perature ,  ra the r  th a n  depth , limits the 
vertical d is tribution of N. pernula .

Our sam ples  are sufficiently la rge so tha t growth and 
popula tion  size structure in N uculana  pern u la  and  
Yoldia thraciaeform is  from a deep  ocean  locale can be  
assessed. Because these  2 p resum ed  ecologically  s im i
lar species w ere  collected together, w e  are afforded an 
opportunity  to exam ine  w hich  factors may m ed ia te  
competition. We postu la te  the  possibility of differential 
size distributions as p lay ing  an  im portan t role.

Seasonal changes  in rate of shell formation affect the 
surface morphology of m olluscan shells  (Byran, 1969;

Theisen, 1973; Lutz, 1976). Reductions in feeding 
activity and  calcification rates at low tem pera tu re s  
p roduce  shell r ings tha t  can  be used  for age  d e te rm in a 
tion (Williamson and  Kendall,  1981). Some bivalves 
are know n  to deposit  shell lines du r ing  spaw n ing  
(Jones, 1980; Gallucci and  Gallucci, 1982). At the  
oceanic  dep ths  from w hich  our sam ples  com e seasonal 
s ignals  are th o u g h t  to be  d am ped ,  yet g rowth checks 
and  b an d in g  are a d istinctive fea ture  of the ex ternal 
shell surface of N ucu lana  p ernu la  an d  Yoldia  
thraciaeform is. The pa t te rn  in w hich  b a n d s  have  b ee n  
depos ited  suggests  that the event(s) tha t  produce(s) 
them  recur(s) w ith  regulari ty  th roughou t the lives of 
these  nuculan ids .  We cons ider  the  b an d s  as valid  in d i 
cators of growth and  argue  tha t age  classes can be  
d e te rm in ed  on the  bas is  of ex terna l  and  in ternal  
band ing .

MATERIALS AND METHODS

Collections w ere  m ade  on cruises of the  M /V  'G adus 
A tlan tica’ dur ing  1980 an d  1981. Specim ens  of 183 
N ucu lana  pern u la  and  149 Yoldia thraciaeform is w ere  
ta k en  in a 12.5 m Gulf-of-M exico shrim p trawl from 7 
sam pling  s tations in Carson C anyon  (Fig. 1, T able  1). 
N e i the r  species  w as ta k en  at dep ths  sha llow er  than  
895 m in ben th ic  grabs  and  traw ls n ea r  the  h ea d  of the 
canyon (data of H ouston an d  H aedrich ,  ms). T he  trawl
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T ab le  1. C o llec tion  sites of N u cu la n a  pern u la  an d  Yoldia thraciaeform is  in C arson  C anyon

S tation
n u m b er

D ate Latitude L ongitude T raw l dep th  
(m)

N u m b er of 
N. p ernu la

N u m b er of 
y. thraciaeform is

816 Ju n e  3, 1980 45 °2 3 ’ N 48°31 ' W 0895-0905 4 0
838 Ju n e  4, 1980 45° 18' N 48°35 ' W 1420-1500 32 85
839 Ju n e  4, 1980 45° 20' N 4 8 ° 3 6 'W 1020-1200 23 35
853 Ju n e  5, 1980 45° 18' N 48 3 3 'W 1220-1280 101 20
865 Ju n e  8, 1980 4 5 °2 4 'N 48° 35' W 1000-1050 18 9
962 M ay 16, 1981 45°33 ' N 48° 10' W 1290-1320 1 0
964 M ay 16, 1981 45°36 'N 47° 56' W 1460-1490 4 0

Total 183 149

has  3.7 cm stretch m esh  in the  body  and  a 2.5 cm heavy  
kno t ted  liner  in the codend  w h ich  reta ins very copious 
am ounts  of m ud con ta in ing  very  small specim ens.  The 
gea r  an d  its han d l in g  follow s tandard ized  m ethods 
a d o p te d  in our d ee p  ocean  w ork  (Haedrich  et al., 
1980). Tows were  20 or 30 m in  in duration. Water 
te m p era tu re  and  salinity  m easu rem en ts  at 1000 m 
w ere  3.5 °C and  35.0 pp t in May, 1981, at 45°31'N 
48°20'W. Bottom substra te  re ta in ed  in d ea d  shells  con
sis ted  of a m uddy  ooze. M ateria l w as  fixed in 10% 
form alin  at time of capture. All m ateria l,  bo th  live and 
d ea d  shells, was kep t  bu t  only data  from live spec i

m ens w ere  used  to construct the  growth curves. 
Counts, weights, and  m easu rem en ts  w ere  done  ashore 
in the laboratory. M easu rem en ts  of total shell length, 
m ax im um  w id th  and m axim um  heigh t w ere  m ade  to 
the  neares t  0.1 mm  using  dial calipers following Bayne 
(1976). T here  w ere  no s ignificant differences in size of 
ind iv iduals  b e tw e en  samples, and  thus the  da ta  were  
lu m p ed  for the  overall analyses.

Valves from 50 Yoldia w e  re longitud inally  sectioned 
a long  the antero-poster ior  axis and  exam ined  u n d e r  a 
com pound  microscope for growth ban d s  as illustrated  
by Lutz (1976). Sections w hich  did not pass th rough  the

3 0 '3 0 ' 5 0 '10'

Fig. 1. L ocations of d e ep -traw lin g  s ta tio n s in th e  C arson  C anyon  reg ion . C losed circles; co llections tak in g  n u cu lan id s
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um bo  m a d e  counts on 4 spec im ens  unreliab le ; these 
w ere  om itted  from the analyses. External growth 
checks w ere  identified  and  counted  prior to sectioning. 
H eavy  shell erosion p reven ted  age ing  on 14 valves. An 
additiona l 30 specim ens w ere  aged  using this method. 
Longitudinal sections could not be  p repa red  from 
N uculana  due  to shell fragility, but external growth 
checks w ere  counted from 160 individuals .  Shell ero
sion m ade  determ ina tion  of prodissoconch size on both 
species impossible.

RESULTS

M orphom etrie  data for both  species  are p resen ted  in 
T able  2, w ith  length  frequencies  p lo tted  in Fig. 2. The 
size d is tribution of N ucu lana  pern u la  is characterized

T ab le  2. M orphom etrie  da ta  for N ucu lana  p ernu la  (n =  183) 
and  Yoldia thraciaeform is  (n =  149) from C arson C anyon. 

R ange of m easu rem en ts  in p a ren th eses

N ucu lana
pernu la

Yoldia
thraciaeform is

L ength  (mm) 25.6 ±  2.2 40.5 ±  5.6
(17.1 -  30.2) (25.9 -  54.5)

H eigh t (mm) 13.0 ±  1.3 25.1 ±  3.4
(7.8 -  15.5) (16.0 -  32.7)

W idth (mm) 8.2 ±  1.1 16.9 ±  2.5
(4.3 -  10.0) (10.5 -  22.4)

H eig h t : L ength 0.51 ±  0.02 0.62 ±  0.03
(0.44 -  0.57) (0.56 -  0.67)

W idth : Length 0.32 ±  0.03 0.42 ±  0.03
(0.23 -  0.39) (0.31 -  0.46)

W idth : H eigh t 0.63 ±  0.04 0.68 ±  0.05
(0.51 -  0.77) (0.46 -  0.74)

by an ab u n d a n ce  of large ind iv iduals  and a high 
deg ree  of clustering  around  a single mode, O nly  6 
(3.3%) of 183 specim ens have  lengths  u n d e r  20 mm 
and 62 % of the popula tion  fall w ith in  a 2 mm size class 
(25 to 27 mm). The length  f requency  dis tribution of 
Yoldia thraciaeform is  is dom ina ted  by even  larger 
individuals.  Two (1.3%) of 149 specim ens have 
lengths u n d e r  30 m m  an d  47 % of the  popu la tion  fall 
w ith in  a 6 mm  size class (35 to 41 mm). For both  species 
there  are  few individuals  of leng ths  b e tw e en  29 and  31 
mm.

The inferred  ages  of N ucu lana  pernu la  ran g e  from 3 
to 11 b ands  and  are normally  d is t ribu ted  abou t a m ean  
of 6.7 ±  1.4 (Fig. 3). Growth is rap id  (5.5 mm  b a n d ' 1) 
until Band 4 and decreases  to 1 mm  b a n d -1 from Bands 
4 to 11 (Fig. 4). N um bers  of ex ternal growth checks are 
significantly correla ted  with shell length  (r =  0.64,
p <  .01).

The in ternal and  ex ternal age  determ inations of Yol-
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Fig. 2. N u cu la n a  p ernu la  an d  Yoldia  thraciaeform is. L ength  
frequency  d is trib u tio n s for sp ec im en s ex am in ed  in th is study. 
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Fig. 3. N u cu la n a  pernula . A ges d e te rm in e d  u s in g  e x te rn a l 
bands, n =  160

dia thraciaeform is  w arran t  se p a ra te  t rea tm e n t  since it 
is not k n o w n  w h e th e r  the ir  origins are iden tical.  Data 
derived  from ex ternal counts ind icate  tha t  the  age  class 
structure approaches  a norm al d is tribu tion  (Fig. 5A) 
hav ing  a m ean  ag e  of 7.8 ±  2.2 b an d s  (range 4 to 14). 
G rowth is rap id  at 7.5 m m  b a n d -1 du r ing  the  first 4 age  
classes b u t  decreases  to 2.3 m m  b a n d -1 and  th e n  0.5 
m m  b a n d -1 for age  classes 4 to 11 and  11 to 15 re sp e c 
tively (Fig. 6). N um bers  of ex terna l  g rowth checks are 
s ignificantly  correla ted w ith  shell leng th  (r =  0.66, 
P  <  01).

The age  frequency  d is tribu tion  of Yoldia thraciaefor-
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Fig. 4. N u cu la n a  pernula . Shell 
len g th  p lo tted  ag a in st n u m b er of 
ex te rn a l bands. Broken line: 
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line: ten ta tiv e  grow th  curve fitted  
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Fig. 5. Yoldia thraciaeform is. (A) A ges d e te rm in ed  from e x te r
nal bands,- (B) ag es d e te rm in e d  from sections

m is  b ased  upon  in ternal  counts has  no obvious modal
structure (Fig. 5B). The m e an  age  is 9.2 +  2.7 b ands
(range 4 to 15) and  b a n d  n u m b e r  w as significantly
corre la ted  w ith  shell leng th  (r =  0.47, p <  .01). Differ
ences b e tw e e n  the m ean  leng th  at ea ch  age  class are
not significant b e tw e e n  the  2 m ethods  (Student's  t-test,
p > .0 5 ) .  M e an  leng ths  per  age  class for both species 
are p re se n ted  in tab le  3.

M eat dry w eigh ts  rep rese n ted  by each  size class of

n = 76

I—I XI

N ucu lana  pern u la  and  Yoldia thraciaeform is  were  
recorded  to an  accuracy of 0.01 g. The em pirical r e la 
tions b e tw e en  10log m eat dry w eigh t  (y) and  10log shell 
leng th  (x) for N. pernu la  and  Y. thraciaeform is  w ere  
ca lcu la ted  to be  y =  3.32x — 5.70 (N =  10, r2 =  0.66) 
and  y =  1.86x — 3.05 (N =  10, r2 =  0.49) respectively.

Small, round impressions and  holes w ere  found in 
shells  of dead  N ucu lana  pernula . T hese  im pressions/ 
holes possessed concentric r ings dec reas ing  in d ia m e 
ter and  b ev e led  outer edges. Small areas of the  internal 
shell surfaces w ere  yellow in colour.

Soft tissues of both species w ere  exam ined  macro- 
scopically to de te rm ine  the sta te  of maturity. None 
show ed  ev idence  of any  gonada l developm ent.

DISCUSSION

The growth b an d s  of N ucu lana  p ernu la  and  Yoldia  
thraciaeform is  m ay be deposited  annua lly  in associa
tion with sp aw n in g  (Jones et al., 1978) or reductions in 
food supply  (Williamson and  Kendall, 1981). Seasonal 
sp aw n in g  has b e e n  observed in a n u m b e r  of deep-sea  
animals,  inc lud ing  brittle stars, an isopod crustacean, 
and  other b ivalves (Lightfoot et ah, 1979). Even in the 
dee p es t  water, in areas usually  considered  extremely 
unvarying, seasonal signals have  now  b e e n  detec ted  
(Dickson et ah, 1982). Radioisotopic studies (Turekian 
et ah, 1982) have de term ined  tha t d ee p -w a te r  (>  55 m) 
spec im ens  of the ocean quahog  Arctica islandica  form 
an n u a l  growth increm ents  in concert with the season
ally fluctuating  supply  of bomb 14C to North Atlantic 
surface waters. D euser  et al. (1981) sam pled  the  p a r 
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Fig. 6. Yoldia thraciaeform is. 
Shell len g th  p lo tted  ag a in s t 
n u m b er of ex te rn a l bands. Broken 
line: m ean  len g th  a t g iven  age. 
Solid line: ten ta tiv e  grow th  curve 
fitted  by eye. N u m b er of o b se rv a 
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t icula te flux in the Sargasso Sea at a dep th  of 3200 m 
and  found tha t all major com ponents  of the sediment, 
inc lud ing  organic m atter  and  calcium carbonate, 
arrived at the bottom in a seasonally  f luctuating  m a n 
ner. The environm ent of Carson Canyon is h igh ly  s e a 
sonal at the surface, and  there  is no reason to doubt 
tha t seasonal influences ex tend  to slope depths. O ne 
m anifesta tion  of this would  be  the growth checks we 
observe on the nuculanids.

The absence  of small ind iv iduals  in the popula tions 
of N uculana  pernu la  and  Yoldia thraciaeform is  cannot 
be  a ttr ibu ted  to gea r  selectivity because  other sm aller  
molluscs w ere  collected in the sam e trawl collections 
(e.g. N atica pusilla , 5 mm  length). H eavy p reda tion  by 
boring gastropods and  ben th ic  fish is proposed  to be  a 
major factor in restricting the num bers  of small N. 
pernu la  and  Y. thraciaeform is  in Carson Canyon. The 
round im pressions/holes  found in N ucu lana  valves are 
characteristic of naticid  boreholes  and  the  yellow col
our on the inner  shell surfaces w as p robably  p roduced  
by the acid secretions of a carnivorous gas tropod (M. R. 
Carriker, pers. comm.). T em pera tu res  in Carson 
Canyon are w ith in  recorded  m in im a for na t icacean  
boring  (Carriker, 1981) and  m ax im um  dep th  ranges  of 
boring gastropods (Carriker, 1961), as ev idenced  by 
our collection of N atica  from 1460 m (station 838). The 
drill U rosalpinx  prefers young, rapidly  growing  oysters 
and  responds positively to oxaloacetic  acid, an  end 
product in the m etabolism  of shell formation, w ith  the 
s trength  of the  response proportional to the growth  rate 
of the  prey (Blake, 1960). A single Y. thraciaeform is

(10 mm  length) an d  several spec im ens  of the  b iva lve 
N ucu la  sp. (2 to 3 m m  length) w ere  found in stom achs 
of the  m acrourid  fish M acrourus berg lax  (10-37 cm 
pre -ana l  length) collected in the canyon.

In tense  p reda t ion  early  in life should  se lect for in d i
v iduals  with  rap id  growth ra tes  if the  sizes a t ta ined  
substan tia l ly  reduce  the  vu lnerab il i ty  of such in d iv id u 
als to p redation .  T he  m ussel M odio lus m o d io lu s  puts 
all of its ene rgy  into growth  for 4 to 6 yr before m a tu r 
ing  at a size w h ere  p reda t ion  is red u ced  (Seed and  
Brown, 1978). The cockle C linocard ium  n u tta llii grows 
very rap id ly  out of the size ran g e  of fish and  crab 
preda t ion  into tha t of guii p reda t ion  w h ere  the  p ro b a 
bility of survival is g rea te r  (Gallucci and  Gallucci, 
1982). Both N ucu lana  p ern u la  and  Yoldia thraciaefor
m is  expe r ience  rap id  growth  until the age  of 4 yr (Fig. 
5), possibly ref lecting  a s im ilar growth  strategy. Neil- 
son 's  (1975) observa tions on the  ability  of N. p ernu la  
(23 to 28 m m  length) to leap  aw ay  from B ucc inum  
u nda tum  lend  c redence  to this argum ent.  Similar 
escape  behav iou r  has  also b ee n  recorded  for Yoldia  
lim a tu la  (Drew, 1900).

Population  s tructures s im ilar to those of N ucu lana  
p ern u la  and  Yoldia thraciaeform is  have  b e e n  p rev i
ously docum ented .  Larger ind iv iduals  are num erica l ly  
p red o m in an t  in popu la tions  of other p ro tobranchs  
th roughou t the  A tlantic  (Allen and  Sanders,  1973). 
D eep-sea  collections of the  tana id  c rus tacean  
N eo ta n a is  (Grassle and  Sanders, 1973) an d  the  snail 
B en thonella  tenella  (Rex et al., 1979) off B e rm uda have 
con ta ined  rela tively  few  young  individuals .  Size tre-
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quency  distributions of some d eep -sea  ech inoderm  
popula tions are also dom ina ted  by la rger  individuals  
(Tyler and  Pain, 1982).

Because similar popula tion  pat te rns  are found in 
both  places, the rationale used  to exp la in  pat terns  in 
the Arctic, for w hich  supporting  data  exist, m ay ex tend  
to the  deep  sea. Populations of three sa lm onids in  the 
Northwest Territories are character ized  by a num erical 
p redom inance  of older, la rger  individuals,  h igh  degree  
of clustering around  m odal leng th  values, and  consid
erab le  variation in age  at a g iven length  (Johnson, 
1976, 1981). Johnson  (1976) identif ied  the  ’standing  
w a v e ’ for length  and  age  as be ing  characteristic  of 
unexp lo ited  popula tions l im ited  by resources to a 
fixed es tab l ishm en t’. He postu la ted  tha t only such 
recru itm ent as is necessary  to ach ieve equi l ib r ium  
with  mortality takes place. A consequence  is tha t an 
increase in growth rate  would  be  expected  at the  size 
of recruitment.  H eavy p reda tion  on small bivalves 
w ou ld  select aga inst  such a controlled recru itm ent in 
N ucu lana  pernu la  and  Yoldia thraciaeformis.

N ucu lana  pernu la  and  Yoldia thraciaeform is  a t tain  
sizes in Carson Canyon considerably  larger  (2 to 25 
times) than  any other d eep -sea  b ivalves w e have sa m 
p le d  previously, inc lud ing  from H udson  Canyon (e.g. 
Rowe et al., 1982). The sizes w e observed, however, are 
not rem arkab ly  la rger  than  those reported  for these 
species  in sha llow  areas. M axim um  lengths  of N. p e r 
nula  from 5 Arctic-Subarctic regions ran g e d  from 20 to 
30 m m  (Lubinsky, 1980). M adsen  (1949) reports a m ax
im um  length  of 29 mm in Icelandic w aters  and  Ock- 
lem ann  (1958) records a leng th  of 34 m m  off East 
G reenland . M axim um  lengths  of Y. thraciaeform is  
range  from 43 mm  off East G reen land  (Ocklemann, 
1958) to 71 m m  in the northw est Atlantic (Gould, 1870). 
The dep th  range  of Y  thraciaeform is  is ex tended  to 
1500 m from 418 m.

The ages and  growth  rates of the d eep -sea  N uculana  
pernu la  and  Yoldia thraciaeform is  w ere  not rem a rk 
ably  different from w h a t  w ou ld  b e  expec ted  in  sha l
low-living species. N. pernu la  from 50 to 100 m off 
S akhal in  (Skalkin and  Tabunkov, 1969: 1151; T able  1) 
have  a growth curve almost identical to the  one we 
find, and  reach  9 years of age. (Tabunkov, 1974, revises 
these  rates a rgu ing  tha t  2 growth rings are la id  down 
each  year; w e  do not find the data  convincing). N. 
m inu ta  from the Clyde Sea (Ansell and  Parulekar, 
1978) grow at a lesser  rate than  does our N. pernu la  but 
reaches  the sam e age. Y. lim atu la  from Prince Edward 
Island (Lewis et al., 1982) grow at about the sam e rate 
as our T. thraciaeform is  bu t  only at tain  4 yr of age. 
M uch rem ains to be  found out about growth rates in 
the  deep  sea, but accum ula t ing  ev idence  (Rowe, 1983) 
indicates  tha t ex trem e longevity  m ay be  the exception 
ra the r  than the rule.
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Lubinsky (1980) identifies a la titud inal succession of 
subspecies  of N ucu lana  pernu la  from the C anad ian  
Arctic to the  Gulf of M aine. Inclusion of the  Carson 
Canyon da ta  supports  the  trend  which she observed 
towards a b roade r  shell from the  C a n ad ian  
A rchipe lago  to South Labrador and  a subsequen t  n a r 
rowing of the shell far ther  south to the Gulf of M aine 
(Fig. 7),

W henever  abundan t,  N uculana  p ern u la  and  Yoldia  
thraciaeform is  were  collected toge ther  (Table 1). 
A lthough  w e cannot ru le  out small-scale patchiness, it 
wou ld  seem  tha t they  share  similar if not identical 
habitats.  These are probab ly  soft sed im en t pockets  of 
restricted area, for exam ple  in the axis of the canyon 
(Fig. 1). A ttempts to resam ple  the  popula tions from R/V 
'Oceanus '  in S ep tem ber  1982 w ere  unsuccessful.  The 
size frequency  dis tributions show  very little overlap in 
lengths  be tw e en  the  two species. The factors which 
reduce  n iche overlap  m ust then  be s ize-related. A h igh  
deg ree  of clustering  and  h igh  SD va lues  associated 
with  the m ean  lengths p er  age  class sugges t  tha t forces 
on the  ind iv idual to ach ieve and  reta in  a certain  size 
are m uch  g rea ter  th a n  the  tendency  for the  ind iv idual 
to increase regularly  in length  with time (Johnson, 
1976). T hese  forces w ou ld  inc lude the factors a l luded

to above  and  a growth  s trategy d e s ig n ed  to reduce  
m orta lity  from predation .  Rex (1979) found tha t slope 
popu la tions  of the  b en th ic  snail A lva n ia  pelag ica  
devo ted  rela tively  m ore ene rgy  to growth and  less to 
reproduction  than  shelf popu la tions  of the sam e 
species. He in te rp re ted  these  life-history pa t te rns  as 
ev idence  for K-selection on w h a t  he  cons idered  to be 
the  environm enta lly  s table slope and  r-se lection  on the  
uns tab le  shelf. C om para tive  s tudies  of this sort on N. 
p ernu la  and  Y. thraciaeform is, w h ich  occur both  in 
sha llow  shelf w aters  and  in the  d ee p  sea, w ould  be 
instructive.
A c k n o w le d g e m e n ts .  W e a re  g ra te fu l to Sally  B abie  for h e lp  at 
sea  an d  in  th e  labora to ry , an d  to K ent G ilk in so n  for a id in g  in 
th e  cu ttin g  and  in te rp re ta tio n  of she ll sections. U seful com 
m en ts on th e  m an u scrip t w ere  p ro v id ed  by Jo h n  D. G age, 
R obert H essler, L ionel Joh n so n , M ich ae l A. Rex, a n d  G ilbert 
T. Rowe. T he w ork  w as su p p o rted  by  N a tu ra l Sciences and  
E n g in e erin g  R esearch  C ouncil g ran t A-7230. T h is is NICO S 
C o n trib u tio n  N u m b er 49.
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