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ABSTRACT 

Evidence has  been presented i n  t h e  pa laeonto logica l  

l i t e r a t u r e  t h a t  marine b iva lves  preserve  i n  t h e i r  ca lcareous  

s h e l l s  a record o f  t h e  environmental events  and astronomical 

p e r i o d i c i t i e s  which a f f e c t  t h e i r  metabolic processes,  The most 

prominent f e a t u r e  of t h i s  record i s  t h e  ex te rna l  growth r i n g  

i n i t i a t e d  by t h e  annual d e c l i n e  i n  t h e  mean temperature of  t h e  

environment, It has  been shown t h a t  small  s c a l e  events  based 

on c i r cad ian  and t i d a l  rhythms a r e  a l s o  recorded, Recent 

a r t i c l e s  i n  a rchaeologica l  journals  have suggested t h a t  t h i s  

information forms t h e  b a s i s  f o r  es t imat ing  t h e  season of  

occupation of many archaeologica l  s i t e s .  
7 ~n order  t o  evaluate t h e  po ten t i a i  of f reshwater  musseis 

a s  seasonal  i n d i c a t o r s  i n  a rchaeologica l  s i t e s ,  a modern 

sample of  l i v e  mussels w a s  s e q u e n t i a l l y  gathered i n  t h e  

Canadian I n t e r i o r  Basin, t o g e t h e r  with p e r t i n e n t  environmental 

information, The sample w a s  analysed us ing  a v a r i e t y  of  t h e  

methods which have been proposed i n  t h e  l i t e r a t u r e .  To eva lua te  

macroscopic techniques of  es t imat ing  seasona l i ty ,  a random 

sample of  Lampsilis  s i l i q u o i d e a  valves was drawn from t h e  s tudy 

population. Using t h i s  sample, a s e r i e s  of  independent observer 

t e s t s  were made which i n d i c a t e d  t h a t  macroscopic techniques of  

a n a l y s i s  f o r  t h e  es t imat ion  of s e a s o n a l i t y  were h igh ly  

u n r e l i a b l e ,  To evalua te  microscopic techniques,  r a d i a l  s h e l l  

iii 



s e c t i o n s  were prepared as a c e t a t e  peel. r e p l i c a s  and t h i n  

s e c t i o n s  f o r  mic ros t ruc tu ra l  a n a l y s i s  by means o f  t h e  

scanning e l e c t r o n  microscope (SEN) and a b inocular  l i g h t  

microscope, Stained t h i n  sec t ions ,  examined wi th  t r ansmi t t ed  

l i g h t ,  were found t o  be t h e  most s a t i s f a c t o r y  technique from 

t h e  s tandpoints  of  c o n s i s t e n t  r e s u l t s ,  ease of  study, and 

maximum y i e l d  of  information, 

While t h e  v a r i a b i l i t y  of t h e  specimens ind ica ted  t h a t  a  

moderately l a r g e  sample is  requi red ,  t h e  r e s u l t s  of  t h e  t h i n  

s e c t i o n  a n a l y s i s  ind ica ted  t h a t  s e a s o n a l i t y  e s t ima tes  may be 

derived with reasonable accuracy from t h e  s h e l l s  of f reshwater  

musselsr The season i n  which t h e  mussels d ied  may be 

est imated by means of averages ca lcu la ted  from t h e  counts of  

microincrements contained i n  t h e  f i n a l  macroincrement deposi ted 

on t h e  v e n t r a l  edge of  t h e  s h e l l s  i n  a  sample, The r e s u l t s  of 

t h i s  research  confirm t h e  hypothesis  t h a t  t h e  p a t t e r n s  of  s h e l l  

depos i t ion  i n  f reshwater  mussels a r e  p r i n c i p a l l y  t h e  r e s u l t  of  

metabolic r e a c t i o n s  t o  environmental v a r i a b l e s  and form a  

r e l i a b l e  b a s i s  f o r  s e a s o n a l i t y  est imates .  
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INTRODUCTION 

Evidence has been presented i n  t h e  palaeontological 

l i t e r a t u r e  t h a t  marine bivalves preserve i n  t h e i r  calcareous 

s h e l l s  a record of t h e  environmental events and astronomical 

p e r i o d i c i t i e s  which a f f e c t  t h e i r  metabolic processes (~ndrews  

1972 ; Barker 1964,1970 ; Clark 1968,1974bt 1975 ; Cunliff e 1974; 

Cunliffe and Kennish 1974; Evans 1972,1975; Farrow 1971; Hall 

e t  a l e  1974; Hall 1975; Kennish and Olsson 1975; Pannella and 

Mac Clintock 1968a, 1968b ; Pannella 1975 ; Rhoads and Pannella 1970 ; 

Richarson e t  a l ,  1979; Runcorn 1968; Thompson 1975; Whyte 1975) 

The most prominent f ea tu re  of t h i s  record i s  t h e  external  growth 

r ing  i n i t i a t e d  by the  annual decl ine  i n  t h e  mean temperature of 

t h e  environment, It has been shorn t h a t  small s ca l e  events based 

on circadian and t i d a l  rhythms a r e  a l so  recorded, 

Recent a r t i c l e s  i n  archaeological journals have suggested 

t h a t  t h i s  information forms t h e  bas i s  f o r  estimating t h e  season 

of occupation of many archaeological s i t e s  ( ~ o u t t s  and Higham 

1971; Ham and I rv ine  1975 ; Koike 1973,1975,2979; Ray 1976 ; Shaw 

1978), The author has noted the  presence of freshwater mussel 

s h e l l  i n  many preh is to r ic  s i t e s  i n  t he  Canadian I n t e r i o r  Basin, 

To evaluate t h e  po ten t ia l  of these  freshwater mussel species a s  

seasonal ind ica tors ,  a l i v e  sample was col lec ted i n  t h i s  region 

together  with per t inen t  environmental information, Analysis of 

t h i s  sample generated t h e  da ta  base f o r  t h i s  t h e s i s ,  

i 



I n  order  t o  understand t h e  mechanics and theory  of  growth 

l i n e  formation i n  f reshwater  mussels, t h i s  t h e s i s  has  drawn 

heav i ly  on resea rch  done on marine spec ies ,  The reason f o r  t h i s  

i s  t h a t  t h e r e  i s  v i r t u a l l y  no l i t e r a t u r e  dea l ing  with t h e  

i n f r a s t r u c t u r e  and micros t ruc ture  of f reshwater  b iva lves ,  There 

is, however, ex tens ive  l i t e r a t u r e  on marine b iva lves ,  and 

pre l iminary  research  has  ind ica ted  t h a t  t h e  recognizable  f e a t u r e s  

of f reshwater  s h e l l s  a r e  e s s e n t i a l l y  s i m i l a r  t o  those  of many 

marine species .  

I n  t h e  a r e a  covered by t h i s  research,  only two f a m i l i e s  of  

b iva lves  a r e  represented:  t h e  Unionidae and t h e  Sphaeriidae.  

There i s  no evidence t o  suggest t h a t  Sphaeriidae,  which a r e  

u s u a l l y  l e s s  t h a n  one cm i n  diameter were of  any economic 

importance t o  abor ig ina l  peoples  i n  t h i s  area. There a r e  13 

s p e c i e s  o f  Unionidae i n  t h e  research  a r e a  ( ~ l a r k e  1973); e i g h t  

of t h e s e  spec ies  a r e  represented  i n  t h e  p resen t  research  sample, 

The o t h e r  f i v e  spec ies  a r e  s t r u c t u r a l l y  s i m i l a r  t o  those  

recovered i n  t h e  research  sample, The most f r equen t ly  occuring 

spec ies  is Lampsi l is  s i l i q u o i d e a  which accounts f o r  70 percent  

o f  t h e  to$a l  sample, 

It is t h e  i n t e n t i o n  i n  t h i s  t h e s i s  t o  c r i t i c a l l y  examine 

methods which have been proposed i n  t h e  l i t e r a t u r e  f o r  

determining s e a s o n a l i t y  from biva lve  s h e l l s .  The p o t e n t i a l  of 

t h e s e  methods, f o r  accura te ly  determining t h e  season during 

which a sample of  f reshwater  mussels was co l l ec ted ,  i s  evaluated 

and t h e  conclusions a r e  presented,  The i n v e s t i g a t i o n  of 

macroscopic and microscopic growth s t r u c t u r e s ,  which were 
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observed i n  a  sample of mussel s h e l l s  c o l l e c t e d  from t h e  Canadian 

Interior Basin, is outlined, and d-irect ions far fizrther research 

suggested, 

The t h e s i s  i s  composed of  f i v e  major sec t ions ,  The first 

s e c t i o n  o u t l i n e s  t h e  design parameters, t h e  f i e l d  condi t ions  

underwhich t h e  sample w a s  c o l l e c t e d  and desc r ibes  t h e  f i e l d  

methods which were employed, The second s e c t i o n  d i scusses  t h e  

h i s t o r i c a l  background o f  growth l i n e  research  i n  b iva lves  and 

some of t h e  a t tempts  which have been made t o  i n t e r p r e t  

s e a s o n a l i t y  from biva lve  s h e l l s ,  The t h i r d  s e c t i o n  desc r ibes  t h e  

l a b o r a t o r y  procedures and techniques employed t o  prepare t h e  

s h e l l s  f o r  study, Sec t ion  f o u r  desc r ibes  t h e  microscopic 

examination of  t h e  i n f r a s t r u c t u r e  of L. s i l i q u o i d e a  and o u t l i n e s  - 
t h e  r e s u l t s  of t h i s  i n v e s t i g a t i o n ,  F ina l ly ,  s e c t i o n  f i v e  o f f e r s  

a t e n t a t i v e  evaluation of  t h e  p o t e n t i a l  of  t h e  o t h e r  spec ies  i n  

t h e  sample, 



Chapter 1: DATA COLLECTION 

I n  an at tempt  t o  understand t h e  p a t t e r n  o f  depos i t ion  of 

growth s t r u c t u r e s  i n  freshwater  mussels and t o  s e l e c t  spec ies  

most l i k e l y  t o  occur i n  a rchaeologica l  s i t e s ,  seven gu ide l ines  

were e s t ab l i shed  which served as parameters f o r  t h e  c o l l e c t i o n  

of t h e  mussels whose s h e l l s  were t o  se rve  as t h e  d a t a  base f o r  

t h e  research  underlying t h i s  t h e s i s ,  These gu ide l ines  were as 

fo l lows : 

1, The sample must be c o l l e c t e d  l i v e  and t h e  d a t e  of death 

recorded, 

2,  The sample must be c o l l e c t e d  from more than  one l o c a t i o n  

t o  evalua te  t h e  importance of  l o c a l i z e d  environmental 

c f f z e t s ,  acd to r?'tnfii"ize t h e  chance of saiiipie erroi7 due t o  

such l o c a l  e f f e c t s .  

3,The sample must be colZected over  an extended per iod  of 

t ime from t h e  same s t a t i o n s  t o  f a c i l i t a t e  t h e  evalua t ion  

of  t h e  r e l a t i o n s h i p  between s h e l l  increments and 

astronomical,  b i o l o g i c a l  and o t h e r  environmental 

4. A record of  a i r  and water  temperatures a f f e c t i n g  t h e  

environment of  t h e  mussels must be kept. 

5. A spec ies  should be s e l e c t e d  i n  which t h e  sex of  t h e  

animal can be r e a d i l y  d i s t ingu i shed  on t h e  b a s i s  of s h e l l  

morphology t o  f a c i l i t a t e  t h e  assessment of  sex  r e l a t e d  

b i o l o g i c a l  rhythms, 
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6.  A r e l a t i v e l y  abundant shallow water species  w i l l  have 

t h e  g rea tes t  chance of being included i n  an archaeological 

assemblage. 

7. The sample should be gathered by means of a technology 

read i ly  ava i lab le  t o  pr imi t ive  man i n  t h e  area  under study, 

The samples which form t h e  data  base f o r  t h i s  t h e s i s  were 

col lec ted during t h e  summer of 1979 from four  s t a t i o n s  located 

i n  t h e  Minnedosa and Assiniboine r i v e r s  (Figure 1). Collect ion 

of mussels did not commence u n t i l  Ju ly  $ because of unusually 

high water l e v e l s  i n  t h e  r ivers .  Snow from t h e  extremely severe 

winter  of 1978/1979 remained i n  shel tered loca t ions  u n t i l  t h e  

first week of June i n  t h e  study area. A s  a r e s u l t  of t h i s  l a t e  

melt of t h e  snow, t h e  spr ing run-off from t h e  Riding Mountain 

uplands i n t o  t h e  Wnnedosa River did not abate u n t i l  t h e  l a s t  

week i n  June. I n  t he  ea r ly  spring, i n  an attempt t o  mi t igate  

flooding i n  t h e  Red River Valley, water a t  t h e  headwaters of t h e  

Assiniboine River was impounded t o  a much g rea t e r  depth than 

usual  behind t h e  Shellmouth Dam, After t h e  floodwaters had 

receded i n  t h e  Red River Valley, t h i s  water was released i n t o  

t h e  Assiniboine channel c rea t ing  a r t i f i c i a l l y  high water l e v e l s  

u n t i l  midsummer. During t h e  month of August t h e  l e v e l  of t h e  

Assiniboine dropped rap id ly  when t h e  flow from t h e  Shellmouth 

Reservoir was suddenly r e s t r i c t e d  i n  response t o  a summer of 

extremely low r a i n f a l l .  

The Mnnedosa River i s  a small rapidly  flowing stream which 

has i t s  o r ig in  i n  t he  Riding Nountains, a high remnant of 

Cretaceous shale  r i s i n g  300 meters above t h e  surrounding p ra i r i e .  



Figure I. Map of Research Area (Ref. 62  J/5) 
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The Minnedosa stream bed, a t  i t s  lower end, i s  approximately 30 

meters wide but  during d ry  summers t h e  stream i t s e l f  may dwindle 

t o  a  width of f o u r  o r  f i v e  meters, The stream bed i s  composed of  

sand and g rave l ,  and l a r g e  boulders  a r e  s c a t t e r e d  through t h e  

s t ream bed and along t h e  banks, 

Col lec t ing  s t a t i o n  number one was loca ted  approximately one 

ki lometer  upstream from t h e  junct ion of t h e  Minnedosa River with 

t h e  l a r g e r  Assiniboine River (Figure 1). The e a s t e r n  margin of 

t h e  channel a t  t h i s  po in t  w a s  composed of  a  l a r g e  gravel  b a r  

which g radua l ly  merged i n t o  a sandy bottom s loping  towards a  c u t  

bank on t h e  western edge, A l l  mussels recovare$ a t  t h i s  s t a t i o n  

were found on t h e  sandy bottom i n  l e s s  than  one h a l f - m e t e r  of 

water , 

Col lec t ing  s t a t i o n  number two ~ h s  l oca ted  approximately 100 

m e t e r s  shove t h e  Suzction c?f t h e  PEn,n,cd3~a Rive;.. ~ i t h  t h e  

Assiniboine River, The stream bed and channel morphology were 

t h e  same a s  a t  s t a t i o n  one, except t h a t  t h e  g rave l  bar  and t h e  

c u t  bank were reversed due t o  t h e  angle  a t  which t h e  channel 

d i r e c t e d  t h e  f low of water,  A l l  mussels a t  t h i s  s t a t i o n  were 

c o l l e c t e d  from a sandy bottom i n  l e s s  than one h a l f  meter of  

wat e r e  

The Assiniboine River i s  a medium s ized  p r a i r i e  r i v e r  of 

approximately 60 meters i n  width, It i s  an u n d e r f i t  stream which 

meanders through a  two k i lometer  wide f loodplain.  This flood-plain 

i s  an o ld  g l a c i a l  spilway which once drained meltwater from what 

i s  now c e n t r a l  Saskatchewm i n t o  g l a c i a l  Lake Agassiz, The c u t  

banks of t h e  present  channel a r e  compose& e n t i r e l y  of s i l t  and 
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t h e  streambed i s  a  mixture of sand and sil t  i n t e r s p e r s e d  with 

cobbles and occasional  l e n s e s  of g rave l  mixed with silt. 

Col lec t ing  s t a t i o n  number t h r e e  was l o c a t e d  20 meters 

upstream from t h e  br idge where t h e  Trans-Canada Highway c rosses  

t h e  Assiniboine River. The mussel bed a t  t h i s  s t a t i o n  w a s  loca ted  

on t h e  south bank of t h e  r i v e r  on a s i l t  s u b s t r a t e .  A l l  mussels 

recovered from t h i s  s t a t i o n  were c o l l e c t e d  i n  l e s s  than  one h a l f  

meter of water. 

Col lec t ing  s t a t i o n  number f o u r  was loca ted  approximately 

one and one h a l f  k i lometers  downstream from t h e  Trans-Canada 

bridge. A l l  t h e  mussels a t  t h i s  s t a t i o n  were co l l ec ted  i n  l e s s  

than  one h a l f  meter of water from a  g rave l  and s i l t  s u b s t r a t e  a t  

t h e  upstream end of  an i s l a n d  i n  t h e  c e n t e r  of  t h e  r i v e r .  

Samples were c o l l e c t e d  a t  t h e s e  s i t e s  on J u l y  8 ,  J u l y  2 3 ,  

Aiigiist d, Augusi i 7 ,  August 29,  September 26 and November 26. I n  

a l l  cases  t h e  mussels were k i l l e d  by immersion i n  b o i l i n g  water 

wi th in  1 2  hours of co l l ec t ion .  I n  Table 1 it can be seen t h a t  

t h e  sexua l ly  dimorphic spec ies ,  Lampsilis  s i l iquo idea ,  w a s  

present  a t  a l l  c o l l e c t i o n  s i t e s .  It was a l s o  present  i n  a l l  

samples co l l ec ted .  This spec ies  r ep resen t s  70 percent  of  t h e  

t o t a l  sample, and i n  view of  t h e  f a c t  t h a t  a  conscious e f f o r t  

w a s  made a t  s t a t i o n  f o u r  t o  c o l l e c t  t h e  l e s s  abundant spec ies ,  

a f t e r  a  small  number of L. s i l i q u o i d e a  specimens had been - 
g a t h e r e d , l .  s i l i q u o i d e a  comprises a  much h igher  percentage of 

of  t h e  present  r i v e r  populat ion than  t h e s e  f i g u r e s  would 

i n d i c a t e .  It i s  noteworthy t h a t  a t  s t a t i o n s  one, two and t h r e e ,  

where t h e  mussels were gathered without regard t o  spec ies ,  



Table  1. Frequency o f  S p e c i e s  by S t a t i o n  

S t a t i o n  S t a t i o n  S t a t i o n  S t a t i o n  S p e c i e s  

S p e c i e s  One . Two Three  Four  T o t a l  

L. s i l i q u o i d e a  33 14 107 2 1  175 

L. o v a t a  11 5 2 1 9  37 

Ligumia r e c t a  

Lasmigona 
c  omplanzta 

Amblema p l i c a t a  

Anodonta 
g r a n d i s  

Fusconaia  f l a v a  

S t r o p h i t u s  
u n d u l a t u s  

S t a t i o n  T o t a l  48 1 9  116 67 250 
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L a m ~ s i l i s  .I ovata  had a much h igher  frequency, r e l a t i v e  t o  L. - 
s i l i s u o i d e a ,  a t  s t a t i o n s  one and two i n  t h e  lvlinnedosa River  

than zt s t a t i o n  t h r e e  i n  the  Assiniboine River (Table 1). 

I n  a d d i t i o n  t o  c o l l e c t i n g  mussels d i r e c t l y  from t h e  r i v e r  

bottom a t  t h e  f o u r  s t a t i o n s ,  an attempt was made t o  e s t a b l i s h  

a r t i f i c i a l  landmarks i n  s e v e r a l  of  t h e  s h e l l s .  By in t roducing  

t h e s e  marks a t  a  known poin t  i n  time, it would be poss ib le  t o  

r e l a t e  a l l  subsequent depos i t iona l  p a t t e r n s  t o  a  known event. 

This  method would g ive  more p r e c i s e  information on t h e  t iming 

and frequency of growth s t r u c t u r e s  observed i n  t h e  i n f r a s t r u c t u r e  

of t h e  valves. VJork done by marine re sea rcher s  (Hidu and Hanks 

1968; Koike 1973) has  ind ica ted  t h a t  when specimens of Mercenaria 

mercenaria and Meretrix l u s o r i a  were immersed i n  a  seawater 

s o l u t i o n  containing Al iza r in  Red 3 ,  they  deposi ted a band of 

coloured s h e l l .  This r e a d i l y  observed band served as a  temporal 

marker wi th in  t h e  i n f r a s t r u c t u r e  of t h e  s h e l l .  These experiments 

ind-icated t h a t  t h e r e  was a  minimal d i s r u p t i o n  of t h e  metabolic 

processes  of t h e  b iva lves ,  and p a t t e r n s  of depos i t ion  returned 

t o  normal wi th in  one t o  t h r e e  days (Hidu and Hanks 1968). Other 

methods of marking, such a s  t h e  use of waterproof ink ,  have been 

found t o  be u n r e l i a b l e  due t o  t h e i r  s u s c e p t i b i l i t y  t o  removal by 

abrasion,  The ink  method has  a l s o  been found t o  t raumatize t h e  

animals and in t roduce  a  h i a t u s  i n  growth and, i n  consequence, a  

major growth l i n e .  The s h e l l  must be a i r  d r i ed  before t h e  ink  i s  

appl ied,  and t h e  i n k  must be allowed t o  d ry  before t h e  s h e l l  can 

be re turned  t o  t h e  water (Barker 19?0:?9). This period of  

d e s s i c a t i o n  i n i t i a t e s  an extended per iod  of recovery d.uring 
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which no s h e l l  i s  depos i ted .  S h e l l s  can be marked by notching, 

but s t u d i e s  i n d i c a t e  t h a t  t h e r e  i s  a  s i g n i f i c a n t  h i a t u s  f n  t h e  

depos i t ion  of s h e l l  u n t i l  t h e  animal recovers  from t h e  shock and 

r e p a i r s  t h e  damage (Hidu and Hanks 1968; Koike 1973). 

On J u l y  12,  68 mussels were c o l l e c t e d  and placed i n  a  20 

ppm Al iza r in  Red 3 s o l u t i o n  f o r  per iods  of one hour and two and 

one ha l f  hours. These s t a i n e d  mussels were placed i n  wire  cages 

measuring 45x50~25 cm, The cages were loca ted  a t  s t a t i o n s  one, 

two and three .  A f o u r t h  cage, with a wire  d iv ide r ,  containing 

s t a i n e d  mussels from both t h e  Ninnedosa and Assiniboine r i v e r s ,  

w a s  loca ted  i n  a beaver pond i n  a  small, sp r ing  fed  creek on 

17-11-13 Wl ( Table 2 ) , 

The cages were r e v i s i t e d  on J u l y  21, and samples were 

c o l l e c t e d ,  k i l l e d  and examined t o  v e r i f y  s t a in ing .  The divided 

nor,.,, ..A+%-. nAUu &l,- WIG r e loca ted  mus&eis, was found t o  be above water 

due t o  a  f a i l u r e  of t h e  beaver dam, A l l  10  o f  t h e  mussels 

from t h e  Assiniboine River had d ied ,  A l l  of t h e  mussels from 

t h r  PJrinnedosa River were s t i l l  a l i v e ,  although t h r e e  d ied  

s h o r t l y  t h e r e a f t e r *  A 1 1  specimens were L ,  s i l iquo idea ,  The - 
reason f o r  t h e  d i f f e r e n t i a l  s u r v i v a l  o f  t h e  two groups i s  

unknown. None of t h e  mussels had deposi ted coloured s h e l l ,  and 

t h e r e  was no " evidence o f  s t a i n i n g  of t h e  f l e s h ,  

On J u l y  23, a l l  mussels were removed from t h e  cages and 

placed i n  a 20 ppm Al iza r in  Red S s o l u t i o n  of r i v e r  water and. 

he ld  t h e r e  f o r  60 hours, The mussels were re turned  t o  t h e i r  

cages and l e f t  undisturbed u n t i l  August seventh. A t  t h i s  t ime, 

it was found t h a t  t h e  cage a t  s t a t i o n  one had r e c e n t l y  been 
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pulled. from t h e  water by persons unknown and discarded on t h e  

bank, Three of t h e  mussels i n  t h e  cage were d-ead, The seven 

remaining l i v e  mussels were t r anspor ted  i n  a  p l a s t i c  bucket of 

r i v e r  water and re loca ted  i n  t h e i r  cage a t  s t a t i o n  t h r e e  i n  t h e  

Assiniboine River, The cage a t  s t a t i o n  two was p a r t i a l l y  buried 

by a  moving sand ba r  and had t o  be r e loca ted  i n  deeper water. 

The r e s t r i c t i o n  of t h e  flow of water from t h e  Shellmouth 

Reservoir had r e s u l t e d  i n  a  r ap id  lowering of t h e  water  l e v e l  i n  

t h e  Assiniboine,  This  lowering of  t h e  water l e v e l  exposed t h e  

upper por t ion  o f  cage number t h r e e ,  However, t h e  mussels were 

s t i l l  submerged and t h e  cage was simply placed more deeply i n  

t h e  water,  A t  t h i s  t ime an a d d i t i o n a l  cage was l o c a t e d  a t  

s t a t i o n  t h r e e ,  and 22 mussels were c o l l e c t e d  and marked with a 

f i l e  on t h e i r  v e n t r a l  edges, These f i l e  marked mussels were 

placed i n  t h i s  f i f t h  cage, 

On August 29, samples were c o l l e c t e d  and k i l l e d  from a l l  

cages, The mussels appeared t o  be hea l thy  and it was noted t h a t  

t h e  marsupial g i l l s  of t h e  females were swollen with glochidia.  

The f l e s h  of t h e  mussels was s t a i n e d  pink from t h e  Al iza r in  Red 

S s o l u t i o n ,  but  t h e r e  was no evidence of t h e  depos i t ion  of  a  

s t a i n e d  l a y e r  of s h e l l ,  Marine researchers , (Hidu and Hanks 1968; 

Koike 1973) have ind ica ted  t h a t  s t a i n e d  specimens of  Mercenaria 

mercenaria and Kere t r ix  l u s o r i a  r a p i d l y  depos i t  coloured bands 

h6thrin t h e  i n f r a s t r u c t u r e  of t h e i r  s h e l l s  and wi th in  a  few days 

t h e  animals have expelled a l l  Al iza r in  Red S dye from t h e i r  

f l e s h ,  The - L, s i l i q u o i d e a  i n  t h i s  experiment had n e i t h e r  

deposi ted coloured s h e l l  nor e l iminated t h e  dye a f t e r  36 days, 



14 

On Mdvember 9,  a  colleague, Sco t t  Hamilton, c o l l e c t e d  and 

k i l l e d  t h e  r e m i n i n g  mussels from a l l  t h e  cages* A t  this t ime  

t h e r e  were approximately 5 ern of i c e  on t h e  r i v e r  which had t o  

be broken t o  reach t h e  cages, On t h i s  occasion, and again on 

November 26 when a  sample was c o l l e c t e d  from t h e  r i v e r  bed a t  

s t a t i o n  t h r e e ,  a  wet s u i t  was used t o  e n t e r  t h e  water,  

None of t h e  mussels which were exposed t o  t h e  Al iza r in  Red 

S s o l u t i o n  d-eposited an observable coloured bane i n  t h e i r  s h e l l  

s t r u c t u r e ,  Although t h e  mussels exposed t o  t h e  20 ppm 

concent ra t ion  of Al iza r in  Red S dye r e t a i n e d  t h e  dye i n  t h e i r  

f l e s h  f o r  over 36 days, and although severa l  specimens had 

resumed growth when t h e  f i n a l  sample was c o l l e c t e d  from t h e  

cages on November 9, t h e  only  t r a c e s  of Al iza r in  Red S dye which 

were observed i n  t h i s  sample were found i n  t h e  p e r i o s t r a c a l  

l aye r .  This  s t a i n i n g  appeared t o  r e s u l t  from t h e  immersion of 

t h e  s h e l l s  i n  t h e  Al iza r in  Red S so lu t ion ,  r a t h e r  than  from 

depos i t ion  by t h e  mantle, 

The mussels which had been marked with a f i l e  on t h e i r  

v e n t r a l  margins resumed growth e a r l i e r  than  d id  those  exposed t o  

t h e  Al iza r in  Red S so lu t ion ,  However, a h i a t u s  of  a t  l e a s t  50 

days seems t o  be ind ica ted  f o r  t h e s e  specimens a s  wel l ,  The 

t raumat ic  e f f e c t  of t h e  marking procedures upon t h e  mussels, 

t o g e t h e r  with t h e  d i f f i c u l t i e s  experienced with lowered water 

l e v e l s  and t h e  removal of one of t h e  cages from t h e  Vlinnedosa 

River by persons unknown, l a r g e l y  destroyed t h e  use fu lness  of 

t h e  caged specimens, I n  t h e  f i n a l  a n a l y s i s  no s i g n i f i c a n t  

information on growth p e r i o d i c i t i e s  could be obtained from t h e  



marking experiments. 

The samples which were coXlect& frm tke ~ i v  

immediately k i l l e d  form t h e  useable  por t ion  of t h e  d a t a  base. 

The most constant  environmental condi t ions  i n  t e r m  of a uniform 

s u b s t r a t e  and a continuous, uniform water f low weri? found a t  

s t a t i o n  th ree .  Lampsilis  s i l i q u o i d e a  specimens were c o l l e c t e d  a t  

i n t e r v a l s  from a s i n g l e  l o c a t i o n  a t  t h i s  s t a t i o n  over  a per iod 

of 141 days, ending November 26, Between May 10 and June 16 t h e  

temperature of  t h e  Assiniboine River r o s e  from 3 degrees Cels ius  

t o  20 degrees Cels ius  (Figure  2 ) .  For t h e  balance of t h e  summer 

and f a l l ,  only spot  checks were taken inf requent ly .  Btinimum and 

maximum a i r  temperatures  were obtained from t h e  Agr icul ture  

Canada Research S t a t i o n  a t  Brandon. These temperatures were 

p e r i o d i c a l l y  checked aga ins t  mid-afternoon temperatures  recorded 

i n  t h e  shade a t  t h e  var ious s t a t i o n s  and found t o  coinc ide  

wi th in  one degree on t h e  occasions when such comparisons were 

made. 

The sample which was col3.ected from t h e s e  s t a t i o n s  r e f l e c t s  

t h e  unique condi t ions  o f  growth experienced during t h e  spr ing  of 

1979. I n  most years ,  mussels c o l l e c t e d  on J u l y  8 would be 

expected t o  show a s i g n i f i c a n t  amount of growth i n  t h e  l a t e s t  

macroincrement along t h e i r  v e n t r a l  edges. However, i n  t h e  sp r ing  

of 1979* water  temperaturesdid not  r i s e  above 10 degrlw "as Cels ius  

f o r  more than  a couple of days a t  a t ime u n t i l  t h e  f i n a l  week of  

Nay (Figure 2) .  It is  u n l i k e l y  t h a t  t h e  mussels began t o  s e c r e t e  

s h e l l  before t h e  first week of June, The small  increments which 

were observed i n  t h e  J u l y  8 sample i n d i c a t e  t h a t  they  were 
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harvested e a r l y  i n  t h e  season: a conclusion cons i s t en t  with t h e  

l a t e  spr ing  experienced i n  1979, 

The s e q u e n t i a l l y  c o l l e c t e d  sample of 48 mussels from s t a t i o n  

t h r e e  comprised t h e  only assemblage which could be assumed t o  

demonstrate continuous depos i t ion  of s h e l l  increments between 

sp r ing  break-up and t h e  t imes of  co l l ec t ion .  Members of  a l l  t h e  

o t h e r  assemblages experienced. trauma introduced by experimental 

procedures and f l u c t u a t i n g  water l e v e l s ,  o r  represented 

c o l l e c t i o n s  over shor t  t ime periods.  The sample c o l l e c t e d  a t  

s t a t i o n  t h r e e  represented con t ro l l ed  recovery over a  per iod of 

141 days of a s i n g l e ,  sexua l ly  dimorphic spec ies ,  - L.  s i l iquo idea .  



Chapter 2: EISTORY OF GR0:VTH LINE RFSRARGH 

AND SEASOXALITY STUCIES 

For a  very long t ime, it has  been known t h a t  t h e  

concentr ic  r i n g s  on marine and freshwater  s h e l l s  record t h e  

passage of d i s c r e t e  u n i t s  of time. Barker (1970:Z) no tes  t h a t  

Leonardo da Vinci bel ieved t h a t  t h e r e  was ".,. a r e l a t i o n s h i p  

between t h e  growth l a y e r s  of i n v e r t e b r a t e  exoskeletons and l u n a r  

monthly and annual  cycle^,'^ 

Work done by f i s h e r i e s  r e sea rcher s  i n t e r e s t e d  i n  

populat ion s t u d i e s  have concentrated on t h e  macroscopically 

observed annul i  and on abso lu te  s i z e ,  An example i s  t h e  r e p o r t  

o r  Stevenson and Dickie (19jkj based on c o i i e c t i o n s  of 

Placopecten magellicanus, from t h e  Bay of  Fundy. The r e p o r t  

concludes, "The r e s u l t s  show t h a t  t h e  growth r i n g s  a r e  annual 

r i n g s  formed during t h e  winter  months when water temperatures  

a r e  a t  a  minimum f o r  t h e  yearf '(Stevenson and Dickie 1954:661). 

More r e c e n t l y  s t u d i e s  have concentrated on t h e  f i n e r  growth 

s t r u c t u r e s  found i n  t h e  i n f r a s t r u c t u r e  of t h e  s h e l l s  of a  

v a r i e t y  of b iva lves ,  Pa laeon to log i s t s  and a rchaeo log i s t s  have 

been inspired.  by Wells' (1963:948) observat ions on t h e  

incremental  s t r u c t u r e s  of  Palaeozoic c o r a l s  and h i s  o p t i m i s t i c  

s ta tement ,  If,, , every pa laeon to log i s t  a  geochronometrist ; every 

f o s s i l  a  g e o c h r o n o m e t e ~ ! ~  The assumptions of e a r l y  microgrowth 

resea rcher s  were q u i t e  s t ra ight forward ,  Nevi l le  (1967:421) 
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s t a t e d  t h a t ,  

"Daily growth l a y e r s  a r e  found i n  t h e  s t r u c t u r a l  p a r t s  of 

seve ra l  b i o l o g i c a l  systems. They provide a convenient 

experimental t o o l  f o r  r e sea rcher s  i n  seve ra l  d i s c i p l i n e s .  

They a r e  a r e f l e c t i o n  of rhythmical metabolism which i s  

synchronized with t h e  astronomical e n v i r ~ n r n e n t . ~ ~  

Pannel la  and I~IacClintock (1968b2792) were more cau t ious  i n  

t h e i r  approach, s t a t i n g ,  

I1Circadian rhythms r e g u l a t e  almost u n i v e r s a l l y  t h e  world of 

l i v i n g  mat ter ,  and it i s  reasc)nableto t h i n k  t h e y  may l e a v e  a 

record i n  t h e  ske le tons  of continuously growing organisms, 

... From experiments i n  b iva lve  molluscs, it i s  s a f e  t o  

conclude t h a t  s o l z r  t ime i s  t h e  bas ic  u n i t  r e f l e c t e d  i n  t h e  

increments and t h a t  synodical  t ime, a t  l e a s t  i n  i n t e r t i d a l  

and shad low su.bt,idal b iva lves ,  ds e.x;nressed i n  t h e  

th ickness  of t h e  increments. ,.. Generic, s p e c i f i c ,  and 

ind iv idua l  d i f f e r e n c e s  should be c a r e f u l l y  weighted i n  

i n t e r p r e t i n g  t h e  growth pa t t e rns .  .., When dea l ing  with 

f o s s i l s ,  however, d i f f i c u l t i e s  a r i s e .  Poor preserva t ion ,  

ambiguity of growth p a t t e r n s ,  and l a c k  of modern 

r e p r e s e n t a t i v e s  make t h e  counts  of ind iv idua l  growth 

increments h ighly  speculat ive."  

A f u r t h e r  note  of caut ion  w a s  introduced by Cunl i f fe  and 

Kennish (1974), who found a complex i n t e r p l a y  of astronomical,  

phys io logica l ,  and more immediate environmental f o r c e s  i n  t h e  

p a t t e r n i n g  of growth increments, They s t a t e ,  

"From what we have w r i t t e n  so f a r ,  it should be c l e a r  t h a t  
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t h e  s h e l l  of - M, mercenaria i s  much l i k e  a t a p e  recorder ,  

Both t h e  clam's genera l  phys io logica l  condi t ion  and t h e  

many events  i n  i t s  environment a r e  recorded i n  t h e  p a t t e r n  

of d a i l y  increments, It should a l s o  be apparent t h a t  r i n g s  

(breaks)  on t h e  sur face  of t h e  clam s h e l l  record much more 

than  t h e  passing of years ,"  (Cun l i f f e  and Kennish 1974:24), 

The need f o r  d e t a i l e d  s tud-ies  on l i v e  populat ions t o  
determine t h e  t r u e  na tu re  of incremental  s t r u c t u r e s  i n  b iva lves  

has  been c l e a r l y  demonstrated by Berta (1.976)~ who compared a 

v a r i e t y  of macroscopic techniques of eva lua t ing  t h e  age of  

Protothaca staminea with t h e  microscopic examination of t h i n  

sec t ions .  Her work ind ica ted  t h a t  t h e  r e s u l t s  of t h e  macroscopic 

s t u d i e s  d id  not  c o r r e l a t e  vie11 w i t h  microscopic f i n d i n g s  and 

t h a t  t h e  macroscopic s t u d i e s  were h igh ly  inaccura te ,  Other 

s t u d i e s  of t h e  micros t ruc ture  of  marine bivalve s h e l l s  (Barker 

1964,1970; Clark 1975 ; Crenshaw and Neff 1969; Evans 1972,1975 ; 

Hall  1975; Koike 1973; Kennish and Olsson 1975; Lutz and Rhoads 

1977; Pannel la  and MacClintock 1968a; Thompson 1975 ; ifilhyte 1975) 

have shown t h a t  t h e  depos i t ion  of growth increments i s  

inf luenced by astronomical p e r i o d i c i t i e s ,  l a t i t u d e ,  temperature,  

s a l i n i t y ,  food supply, endogenous phys io logica l  rhythms, spec ies  

response and random events  which d i s t u r b  t h e  metabolic processes  

of  t h e  animal, 

Several  r e sea rcher s  ( ~ o u t t s  and Highaml971; Ham and I r v i n e  

1975; H a m  1976) have attempted t o  i n f e r  s e a s o n a l i t y  from marine 

s h e l l s  by measuring t h e  amount of growth fol lowing t h e  l a s t  

major growth r i n g ,  Recently it has  been suggested t h a t  t h e  same 

techniques be appl ied  t o  a rchaeologica l  s i t e s  conta in ing  t h e  
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s h e l l s  of f reshwater  mussels (Ray 1976; Shaw 1978). 

The usual  method i s  t o  p l o t  some dimension of growth such 

a s  l e n g t h  o r  width of t h e  s h e l l  aga ins t  t h e  observed annul i  o r  

macroincrements on t h e  su r face  of  t h e  b iva lve  s h e l l ,  A growth 

curve can then  be constructed,  and. t h e  amount of  expected 

seasonal  growth f o r  any age group of  mussels can be predic ted ,  

The s e a s o n a l i t y  es t imate  is then  based upon aging t h e  mussel and 

measuring t h e  amount o f  growth fol lowing t h e  l a s t  major growth 

l i n e .  The degree t o  which t h e  growth band i s  completed, o r  

otherwise,  i s  assumed t o  i n d i c a t e  t h e  season i n  which t h e  animal 

died,  

There a r e  a  number of problems assoc ia ted  with t h i s  

approach, The major one i s  t h e  d i f f i c u l t y  experienced i n  

recognizing and de f in ing  c r i t e r i a  f o r  d i s t ingu i sh ing  between 

~ r o w t h  lines which a re  seesonaXy induced annuli, and l i n e s  ~:rhF~h 
W 

a r e  t h e  r e s u l t  of h i a t u s e s  induced by spawning, storms, predator  

a t t a c k s  and o t h e r  environmental va r i ab les ,  Coutts and Higham 

(1971) simply discarded those  s h e l l s  i n  which they  f e l t  t h e  

d i s t i n c t i o n  was not  c l e a r ,  They s t a t e :  

"The s o r t i n g  of  t h e  main sample i n t o  c l a s s e s  according t o  

t h e  number of r i n g s  on t h e  s h e l l  e x t e r i o r  may be 

complicated by t h e  occurrence of  d is turbance  r i n g s ,  I n  many 

cases  t h e s e  could be d i s t ingu i shed  from t h e  main sequence 

of  annual r i n g s  and ignored ... . If it proved impossible 

t o  d i s t i n g u i s h  between annual r i n g s  and d is turbance  r i n g s ,  

t h e  specimens i n  quest ion were r e j e c t e d , " ( ~ o u t t s  and. Higham 

1971 :267) ,  

They g ive  no c r i t e r i a  f o r  t h e i r  acceptance o r  r e j e c t i o n  of 
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growth rings,Consequently, t h e i r  r e s u l t s  a r e  a  r e f l e c t i o n  of a  

biased and i d e a l i z e d  populat ion r a t h e r  than  t h e  r e a l  populat ion,  

We do not  know whether t h e i r  s tudy populat ion r e p r e s e n t s  10 o r  

90 percent  of t h e  o r i g i n a l  c o l l e c t i o n  from t h e  beach, The sample 

s e l e c t e d  f o r  t h e  cons t ruc t ion  of t h e  growth curves cons is ted  of  

d i s c r e t e  groups s e l e c t e d  f o r  wel l  def ined growth r i n g s ,  "The 

ind iv idua l s  comprising t h e  two subsamples from a rea  A had e i t h e r  

k.-5 o r  from 7-8 growth recess ion  r ings ,"  (Coutts  and Higham 

19712267). The usefu lness  of  such a  s u b j e c t i v e l y  biased sample 

as a  d a t a  base must be s e r i o u s l y  questioned, The c a r e f u l  

s e l e c t i o n ,  f o r  ana lys i s ,  o f  samples of s h e l l s  which conform t o  a 

predetermined p a t t e r n  of depos i t ion ,  with no attempt t o  account 

f o r  t h e  va r i ab i l i tywhich  has  been s e l e c t i v e l y  r e j e c t e d ,  l eaves  

t h e  r e sea rcher  with no c l e a r  p i c t u r e  of what h i s  a n a l y s i s  r e a l l y  

does represent  

A second major problem, a s soc ia ted  with s e a s o n a l i t y  s t u d i e s  

which a r e  based on an assumption t h a t  t h e  l a s t  growth l i n e  on a  

s h e l l  r ep resen t s  an annulus, i s  t h a t  ind iv idua l  b iva lves  and 

l o c a l  popula t ions  may respond t o  some l o c a l i z e d  o r  unique event 

which bears  l i t t l e  o r  no r e l a t i o n s h i p  t o  t h e  c y c l i c a l  v a r i a t i o n  

i n  t h e  i n c l i n a t i o n  of t h e  Ear th ' s  a x i s  toward t h e  sun, Barker 

(1970:215) s t a t e s :  

wObservations of  s h e l l  growth and of annual l a y e r  

morphology make it evident  t h a t  a  r e g u l a r  winter  h i a t u s  i s  

t h e  r u l e  f o r  temperate spec ies ,  This h i a t u s  v a r i e s  with 

ind iv idua l  organisms and environment and may o r  may not  

be preceded by a  slow growth l a y e r ,  It was a l s o  noted t h a t  
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pelecypods exposed t o  unfavourable environmental condi t ions  

may suspend t h e  s h e l l  growth f o r  days, weeks, months o r  a s  

long a s  yea r s  a t  a t ime, o r  t h a t  t h i s  h i a t u s  may be 

recorded a s  a d is turbance  r i n g  only i f  s h e l l  growth i s  

eventua l ly  resumed, Consequently, t h e  l a c k  of a slow growth 

depos i t  on t h e  v e n t r a l  margin of an empty s h e l l  i s  not a 

su re  i n d i c a t i o n  t h a t  t h e  organism expired during t h e  season 

of a c t i v e  growth, n e i t h e r  i s  t h e  marginal slow growth l a y e r  

of an empty s h e l l  n e c e s s a r i l y  an i n d i c a t i o n  t h a t  f a t a l i t y  

occurred i n  t h e  slow growth season," 

Each bivalve records t h e  events  of i t s  own environment and 

physiology, Events such a s  predator  a t t a c k s ,  p a r a s i t e s ,  d i sease  

o r  ind iv idua l  dislodgement, may induce a h i a t u s  which i s  not 

r e p r e s e n t a t i v e  of t h e  populat ion a s  a whole, This h i a t u s  w i l l  

d e f i n e  a n  increment which i s  not  a complete a.nnuLus, 

Berta  (1976) has  demonstrated t h a t  d i s t i n c t i o n  between 

var ious  types  of growth l i n e s  cannot be made by means of 

macroscopic examination i n  t h e  spec ies  Protothaca staminea, 

Kennish and Olsson (1975) found t h a t ,  given adequate 

environmental da ta ,  var ious  types  of growth l i n e s  i n  Mercenaria 

could be r e l a t e d  t o  s p e c i f i c  environmental and phys io logica l  

events  such as temperature f l u c t u a t i o n s ,  spawning and storms, 

Cunl i f fe  (1974), who a l s o  s tud ied  Mercenaria, was l e s s  confident  

s t a t i n g :  "Storm breaks can be recognized with assurance only  

when they  conta in  s i l t  p a r t i c l e s  trapped deep i n s i d e  su r face  

inden ta t ions ;  neap t i d e  breaks a r e  r a r e  and u s u a l l y  occur i n  

winter  o r  old age,'"unliffe (1974) a l s o  no tes  t h a t  growth 

increment p a t t e r n s  a r e  spec ies  s p e c i f i c ,  
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Nost s e a s o n a l i t y  s t u d i e s  i n  which a rchaeo log i s t s  (Cout ts  

1970,1975; Coutts and Higham 1971; Ham an6 I r v i n e  1975; H a m  

1976) have attempted t o  d i s t i n g u i s h  between var ious  types  of 

growth l i n e s  do not  g ive  any of t h e  c r i t e r i a  by which they  make 

t h e i r  d i s t i n c t i o n s ,  These d iscuss ions  have tended t o  imply t h a t  

t h e  d i s t i n c t i o n s  were un ive r sa l  and obvious. The extensive 

pa laeonto logica l  l i t e r a t u r e  ( ~ a r k e r  1964,1970; Berta 1976 ; Berry 

and Barker 1975 ; Clark 1968, l974a, l974b, 1975 ; Cunliff  e 1974; 

Cunl i f fe  and Kennish 1974; Dexter 1977; Evans 1972,1975; Farrow 

1971; Hal l  1975; Hal l  e t a l .  1974; House and Farrow 1968; Koike 

1973, 1975, 1979; Kennish and Olssan 1975 ; Lutz and Rhoads 1977; 

Pannel la  and ~ ~ c C l i n t o c k  1968a, l968b ; Pannella 1975 ; Rhoads and 

Pannel la  1970; Thompson 1975; Whyte 1975) i n d i c a t e s  c l e a r l y  t h a t  

t h e  d i s t i n c t i o n s  a r e  n e i t h e r  un ive r sa l  nor obvious, The present  

research supports  this more p ~ s s l m i s t i c  view and suggests that 

of ten  such c r i t e r i a  a r e  s u b j e c t i v e l y  and i n t u i t i v e l y  developed, 

Common sense suggests  t h a t  c r i t e r i a  which cannot be descr ibed,  

and conclusions which a r e  based on i n t u i t i v e l y  def ined phenomena 

a r e  of l i t t l e  value i n  s e r i o u s  research ,  even i f  they  t u r n  out  

t o  be c o r r e c t ,  

Researchers from a wide range of d i s c i p l i n e s  have 

u n c r i t i c a l l y  accepted t h e  assumption t h a t  t h e  growth r i n g s  on 

t h e  su r face  of f reshwater  mussel s h e l l s  represent  annul i ,  

B io log i s t s  (chamberlain 1930 ; Coon e t a l .  1977; Wendelberg 1960; 

Kessler  and Mi l l e r  1978; Stober  1972) have not g e n e r a l l y  

questioned t h i s  assumption s e r i o u s l y ,  S i m i l a r i l y ,  a rchaeo log i s t s  

have taken t h i s  und.emonstrated assumption t o  be t r u e  and have 

advocated s e a s o n a l i t y  s t u d i e s  accordingly (Ray 1976 ; Shaw i978) ,  



25 

However, t h e r e  i s  no t h e o r e t i c a l  reason t o  assume t h a t  f a c t o r s  

of  environment o r  physiology which disrupt t h e  d e p o s i t i o n  o f  

s h e l l  ma te r i a l  i n  marine spec ies  would not  s i m i l a r i l y  d i s r u p t  

t h e  depos i t ion  of s h e l l  ma te r i a l  i n  f reshwater  mussels, Fros t  

and thermal shocks (Kennish and Olsson 1975),  which have been 

observed i n  t i d a l  e s t u a r i e s ,  a r e  t o  be expected i n  shallow 

freshwater  bodies,  Sudden and o f t e n  v i o l e n t  changes i n  water 

regime ( o f t e n  very l o c a l i z e d  i n  scope) due t o  t h e  r e l e a s e  of 

impounded water o r  runoff from a thunderstorm might we l l  prove 

analogous t o  t h e  e f f e c t s  of storms i n  a marine environment, An 

unsuccessful  a t t a c k  by a predator  such a s  a raccoon, o r  t h e  

attachment of leeches ,  might a f f e c t  s h e l l  depos i t ion  i n  

freshwater  mussels i n  a manner s i m i l a r  t o  t h a t  noted by Barker 

(1970) f o r  gastropod a t t a c k s  on marine spec ies ,  Fungal 

i n f e c t i o n s  (Gale l977: l l )  o r  o t h e r  d i s e a s e s  might a l s o  r a d i c a l l y  

a l t e r  r a t e s  and p a t t e r n s  of s h e l l  depos i t ion ,  Although t h e r e  

seems t o  I?e l i t t l e  reason t o  doubt t h a t  many of  t h e  growth r i n g s  

represent  t h e  period when f reshwater  bodies i n  t h e  Canadian 

I n t e r i o r  Basin a r e  covered by a s  much a s  one h a l f  meter of  i c e ,  

it i s  h igh ly  probable t h a t  some of t h e  growth r i n g s  represent  

h i a t u s e s  induced by o t h e r  causes,  

To evalua te  t h e  r e l i a b i l i t y  of macroscopic observat ion on 

t h e  sample used i n  t h i s  research ,  two t e s t s  were run on 60 

randomly se lec ted  - L, s i l i q u o i d e a  s h e l l s  drawn from a populat ion 

of 175 s h e l l s .  I n  t h e  first t e s t ,  s i x  independent observers  were 

asked t o  perform a s e r i e s  of s i x  measurements and observat ions  

on t h e  randomly s e l e c t e d  sample, The background of t h e  



independent observers  was a s  fol lows:  

1, TWO archaeology undergraduates with no previous 

research  experience,  

2. One archaeology graduate  with a pa laeonto logica l  

background, 

3,  One archaeology graduate  s tudent  with no r e l a t e d  

experience, 

4, Two zooarchaeology graduate  s tuden t s  engaged i n  

growth l i n e  research ,  

I n  an attempt t o  e l iminate  b i a s e s  introduced by t h e  researcher ,  

d e t a i l e d  w r i t t e n  i n s t r u c t i o n s  of  t h e  requi red  observat ions  ( s e e  

Appendix A )  were given t o  each observer  and t h e  a c t u a l  t e s t  was 

supervised by an undergraduate volunteer  , 

The t e s t  r e s u l t s  a r e  shown i n  Table 3, I n  Table 3 ( f )  t h e  

ornt~i-t.h r ing  counts  a r e  c ~ n t r a s + , &  ~,~!i+,-h, 2 macrcir,cre~er,.t, ccunt 
0' "" -- 
obtained from t h i n  s e c t i o n s  with t h e  a i d  of a binocular  

microscope, The margin of e r r o r  between observers  f o r  t h e  metr ic  

observat ions  i s  not  g r e a t ,  but it can be r e a d i l y  seen t h a t  t h e r e  

i s  nothing approaching agreement on t h e  number of growth r i n g s  o r  

t h e  age of t h e s e  s h e l l s ,  Table 3 ( g )  shows t h a t  removal of t h e  

periostracum by means of a potassium hydroxide s o l u t i o n  d i d  

not improve t h e  r e l i a b i l i t y  of t h e  r i n g  counting r e s u l t s ,  If 

a r e sea rcher  were t o  cons t ruc t  growth curves based on r i n g  

counts  which were macroscopically observed, a whole s e r i e s  of 

s i g n i f i c a n t l y  d i f f e r e n t  curves could be constructed from t h e  

sample depending upon t h e  p a r t i c u l a r  count which was used, It 

can be r e a d i l y  seen t h a t  any es t imate  of s e a s o n a l i t y  based on 
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any of  t h e s e  curves would be no more r e l i a b l e  than  an offhand. 

mess 
U 

I n  t h e  second t e s t  a  graduate  s tudent  engaged i n  growth 

l i n e  research  was asked t o  perform t h e  same observat ions  on f i v e  

d i f f e r e n t  occasions,  Once again t h e  metr ic  observat ions were 

wi th in  acceptable  limits, but t h e  v a r i a t i o n  i n  t h e  counts  of t h e  

growth r i n g s  was unacceptably high (Table 4). 

It i s  evident  t h a t  e s t a b l i s h i n g  c r i t e r i a  f o r  t h e  d e f i n i t i o n  

of  growth r i n g s  i n  - L. s i l i q u o i d e a  i s  not a simple matter.  It is  

a l s o  apparent t h a t  t h e  a p p l i c a t i o n  of c r i t e r i a  by a  s i n g l e  

observer using macroscopic techniques i s  not cons i s t en t  o r  

r e l i a b l e .  

A t h i r d  major problem assoc ia ted  with i n t e r p r e t i n g  

s e a s o n a l i t y  based on comparison of increment s i z e  t o  a  growth 

curve i s  t h a t  t h e  observed width of a macroincrement i s  an 

extremely poor i n d i c a t o r  of t h e  season i n  which t h e  mussel d ied  

o r  of t h e  l e n g t h  of t ime t h e  animal had been depos i t ing  a 

macroincrement, I n  f i g u r e  3 t h e  th ickness ,  i n  microns of t h e  

most r e c e n t l y  deposi ted macroincrement i n  each of t h e  s h e l l s  

c o l l e c t e d  a t  s t a t i o n  t h r e e ,  i s  p l o t t e d  a s  a  funct ion  of t h e  d a t e  

of  c o l l e c t i o n ,  The d a t a  p o i n t s  a r e  randomly s c a t t e r e d ,  and t h e  

range of overlap i s  almost complete, Yhen t h e  sample averages 

a r e  ca lcu la ted  f o r  each c o l l e c t i o n  day, it i s  found t h a t  t h e  

f i r s t  and t h e  l a s t  samples c o l l e c t e d  f a l l  next t o  each o t h e r  i n  

t h e  c e n t e r  of t h e  range of sample averages. It i s  apparent t h a t  

with freshwater  mussels t h e r e  i s  no good evidence t o  support  t h e  

not ion  t h a t  s e a s o n a l i t y  can be i n f e r r e d  from t h e  examination of 
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Figure 3.  Macroincrement Thickness in Microns Expressed 

as a Function of the Date of Collection 
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t h e i r  s h e l l s  by macroscopic techniques,  This view i s  supported 

by t h e  d a t a  i n  Table 5 which shows t h a t  t h e r e  i s  no demonstrable 

r e l a t i o n s h i p  between macroincrement th ickness  and t h e  included 

number of microincrements, o r  t h e  d a t e  of c o l l e c t i o n ,  

It must be concluded t h a t  t h e  i n v e s t i g a t i o n  of  s e a s o n a l i t y  

through growth r i n g  a n a l y s i s  i n  - L ,  s i l i q u o i d e a  cannot be 

pursued by macroscopic v i s u a l  examination, The r e s u l t s  of t h e  

observer t e s t s  demonstrate t h a t  t h e r e  i s  a wide v a r i a t i o n  i n  

t h e  c r i t e r i a  which independent observers  use t o  i n t e r p r e t  

growth r ings ,  and between t h e  a c t u a l  microscopical ly  observed 

number of macroincremsnts, The s i n g l e  observer t e s t  a l s o  shows 

an unacceptable amount of v a r i a t i o n  i n  t h e  growth r i n g  counts. 

I n  add i t ion ,  it i s  evident  t h a t  t h e  r e l a t i v e  increment th ickness  

i s  an u n r e l i a b l e  i n d i c a t i o n  of seasona l i ty ,  The meager 

1 4  + ~.,-.m+..v.- 
.LIVGZ, a v u z  c &2-LizES 7-74 +h C w n c h r . r ~ + n w  mt,c-.cnl  c nCCowc  

CULIYY(.I.VCr+ \-.& r)~c r e l i a b l e  

c r i t e r i a  by means of which it i s  poss ib le  t o  e s t a b l i s h  t h e  

o r i g i n  of each growth r i n g  appearing on t h e  su r face  of t h e  

valves,  Any attempt t o  de r ive  s e a s o n a l i t y  from such tenuous 

and sub jec t ive  d a t a  i s  worse than  use less .  It i s  a c t u a l l y  

misleading and can lend a  f a l s e  sense of a u t h o r i t y  t o  an 

i n c o r r e c t  i n t e r p r e t a t i o n .  Clarke (1973:68) i n  h i s  s tudy of t h e  

mussel_s of t h e  Canadian I n t e r i o r  Basin notes:  

"An attempt was a l s o  made t o  count growth annul i  on t h e  

specimens co l l ec ted ,  It was impossible t o  c?eci.de whether 

some of t h e  l i n e s  represented annual events  o r  not ,  

however, and t h e  value of t h e  r e s u l t s  obtained ( a f t e r  

examining hundreds of specimens) was t h e r e f o r e  



Table 5. Lampsilis  s i l i q u o i d e a  co l l ec ted  a t  s t a t i o n  3 showing 

v a r i a t i o n  i n  t h e  f i r s t  t h r e e  macroincrements of t h e  

th ickness  ( i n  microns) and. t h e  number of included 

microincrements i n  r e l a t i o n  t o  t h e  d a t e  of co l l ec t ion .  

Catalogue Date of Macroincrement Thickness I~Ecroincrement 
Number Col lec t ion  Number i n  microns Count 

A-001 J u l y  

J u l y  

A u ~  

A u ~  . 

Sept. 28/79 Z 240 46 
2 13 60 117 
3 490 1 1 5  
1 600 84 
2 920 98 
3 550 59 

Nov. 26/79 1 13 10 76 
2 790 127 
3 3 80 63 



considered minimal, " 

The f ind ings  of t h i s  i n v e s t i g a t i o n  a r e  i n  f u l l  support  of 

t h e  pess imis t i c  conclusions of Clarke (1973) with regard t o  

ex te rna l  growth r i n g s  on f reshwater  mussels, 

If a reasonable es t imate  of s e a s o n a l i t y  can be derived 

from t h e  s h e l l s  of f reshwater  mussels, it must be obtained 

from a s tudy of t h e  mic ros t ruc tu ra l  elements of t h e  s h e l l ,  

There i s  a s u b s t a n t i a l  pa laeonto logica l  l i t e r a t u r e  i n d i c a t i n g  

t h a t  with severa l  marine spec ies  of b iva lves  such s t u d i e s  a r e  

f e a s i b l e  (Barker 1964,1970; Berry and Barker 1975 ; Clark 1968, 

1974a,1974b,1975; Crenshaw and Neff 1969; Cunl i f fe  and Kennish 

1974; Dolman 1975; Evans 1972,1975; Farrow 1971; Hall  1975; 

Hall e t  a1.1974; House and Farrow 1968; Kobayashi 1969; Koike 

1973,1975,1979; Kennedy e t  a l ,  1969; Lutz and Rhoads 1977; 

Mi l l a r  1968; Nevi l le  1967; Pannel la  and MacClintock 1968a, 

1968b; Pannella 1975; Rhoads and Pannel la  1970; Richardson e t  

a l ,  1979; Runcorn 1968; Thompson 1975; Stlhyte 1975). This 

t h e s i s  w i l l  at tempt t o  demonstrate t h a t  any in fe rences  of  

s e a s o n a l i t y  made from t h e  s h e l l s  of f reshwater  mussels must 

be based on an i n t e r p r e t a t i o n  of t h e  micros t ruc ture  of t h e  

s h e l l s  r a t h e r  than  upon macroscopic observations.  

The e a r l i e r  b e l i e f  t h a t  t h e r e  was a l i n e a r  r e l a t i o n s h i p  

between t h e  b i o l o g i c a l  response of mussels, expressed by t h e  

pa t t e rned  depos i t ion  of s h e l l  increments, and t h e  passage of 

t h e  seasons,or  t o  synodical  p e r i o d i c i t y ,  has  been shown t o  be 

unt rue ,  The wide range of v a r i a b l e s  a f f e c t i n g  marine and 

f reshwater  mussels a s  i n d i v i d u a l s  and a s  assemblages have bee* 
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shown t o  a l t e r  r e g u l a r  p a t t e r n s  of s h e l l  depos i t ion ,  It has 

been shown t h a t  it i s  extremely d i f f i c u l t  t o  i d e n t i f y  and 

d i f f e r e n t i a t e  between growth l i n e s  i n i t i a t e d  by d i f f e r e n t  

causa l  agencies. The observer t e s t s ,  conducted a s  a  p a r t  of 

t h i s  research ,  confirm t h a t  a s e r i o u s  problem e x i s t s  i n  t h e  

i d e n t i f i c a t i o n  of growth r i n g s  i n  freshwater  mussels, F ina l ly ,  

when t h e  th ickness  of t h e  most r e c e n t l y  deposi ted macroincrement 

was p l o t t e d  a s  a  funct ion  of t h e  d a t e  of c o l l e c t i o n ,  t h e r e  was 

no i n d i c a t i o n  of a  r egu la r  seasonal  progression of accumulated 

s h e l l  depos i t ion ,  



Host a rchaeologica l  s h e l l  recovered from p r e h i s t o r i c  

s i t e s  has  t h e  carbonate sur face  exposed because of t h e  

d i s i n t e g r a t i o n  of t h e  organic periostracum, Growth r i n g s  

a r e  evident  on most of t h e s e  s h e l l s .  To determine whether 

t h e  growth r i n g s  might be more accura te ly  counted by 

macroscopic methods i f  t h e y  were not  covered by t h e  

periostracum, t h i s  l a y e r  was removed from t h e  sample which 

had been used f o r  t h e  annul i  counts i n  t h e  observer  e r r o r  

t e s t s ,  

To remove t h e  periostracum, t h e  l e f t  valves were soaked 

i n  warm water overnight and then  placed i n  a potassium 

hydroxide s o l u t i o n  f o r  4@ hours, The va lves  were then  r insed  

under running t a p  water and scrubbed with a commercial woven 

p l a s t i c  pot scouring pad, This technique e f f e c t i v e l y  removed 

t h e  p e r i o s t r a c a l  l a y e r  without damaging t h e  underlying 

pr i smat ic  l a y e r ,  It was found t h a t  i f  t h e  valves were l e f t  

i n  t h e  potassium hydroxide s o l u t i o n  f o r  per iods  much i n  

excess of 48 hours t h e  pr i smat ic  l a y e r  tended t o  sepa ra te  

and pee l  away from t h e  nacreous s t r u c t u r e  of t h e  underlying 

mesostracum, The valves which were t r e a t e d  i n  t h i s  manner 

were s i m i l a r  i n  appearance t o  specimens which have been 

recovered archaeologica l ly ,  

I n  order  t o  i n t e r p r e t  t h e  micros t ruc ture  of t h e  mussel 

s h e l l s  i n  t h i s  sample, two methods of l i g h t  microscope 

4 
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i n v e s t i g a t i o n  were evaluated.  I n  addi t ion ,  seve ra l  specimens 

were mounted and studied using the ETEC Autoscan scanning 

e lec t ron  microscope, 

The l i g h t  microscope techniques requi red  t h a t  r a d i a l  

s e c t i o n s  be c u t  through t h e  umbo t o  t h e  v e n t r a l  edge of t h e  

s h e l l .  This  was done with a p r e c i s i o n  Isomet saw. I n  a l l  

cases  t h e  r i g h t  valve was sec t ioned,  P r i o r  t o  c u t t i n g ,  t h e  

valves were soaked f o r  seve ra l  hours i n  warm water,  This  

procedure sof tened t h e  periostracum and minimized chipping 

o r  pee l ing  of ma te r i a l  during t h e  c u t t i n g  process. Water 

soaking i s  not  an adequate p repara t ion  f o r  archaeological  

shell when the periostracurn has  d i s i n t e g r a t e d ,  I n  such cases  

it i s  necessary t o  coat  t h e  s h e l l  with epoxy o r  embed it i n  

some medium such a s  b a k e l i t e  (Dolman 1975) , r e s i n  (Koike 1973 ) 

o r  P l a s t e r  of  P a r i s  (Ray 1976) t o  prevent t h e  s h e l l  from 

d i s i n t e g r a t i n g  due t o  blade torque  of t h e  saw, The pr i smat ic  

l a y e r  i s  e s p e c i a l l y  s u s c e p t i b l e  t o  crumbling, and t h e  nacreous 

l a y e r s  t o  f o l i a t i o n ,  during c u t t i n g ,  

The first of  t h e  l i g h t  microscope methods considered was 

t h e  prepara t ion  of a c e t a t e  pee ls .  The c u t  sec t ion  was f i r s t  

smoothed on a g l a s s  p l a t e  using 925 g r i t  with water a s  a 

l u b r i c a n t ,  The c u t  su r face  w a s  etched with 10 percent  

hydrochloric  ac id  ( H c ~ )  f o r  20 seconds following t h e  smoothing 

procedure, and then  it w a s  f lushed under running water. The 

etched s h e l l  was allowed t o  air-dry. A s t r i p  of s i x  m i l  

a c e t a t e  was softened with acetone and t h e  prepared s h e l l  



I s e c t i o n  impressed f i r m l y  upon it, Additional acetone was 

I impressed f i rmly  aga ins t  t h e  cu t ,  etched sur face ,  The pee l  was 

I allowed t o  d ry  f o r  15-20 minutes then c a r e f u l l y  s t r i p p e d  from 

t h e  s h e l l ,  The pee l  obtained i n  t h i s  manner can be examined 

under a microscope d i r e c t l y  with r e f l e c t e d  l i g h t ,  o r  mounted 

on a g l a s s  s l i d e  p r i o r  t o  study, The technique g ives  good 

r e s o l u t i o n  of l a r g e  s c a l e  s t r u c t u r e s  such a s  macroincrements 

1 and t h e  myostracum, However, t h e  negat ive impressions of 

microincrements were s p o t t y  and extremely d i f f i c u l t  t o  obta in  

I i n  %he freshwater  spec ies  under study, I n  add i t ion ,  t h e r e  was 

I a tendency f o r  c r y s t a l s  i n  t h e  pr i smat ic  l a y e r  t o  adhere t o  t h e  

pee l  and be plucked out  of t h e  etched sec t ion ,  This second 

de fec t  rendered t h e  technique almost u s e l e s s  f o r  archaeological  

1 s h e l l ,  A s  a consequence of t h e s e  problems, it w a s  decided t o  

mount and s t a i n  t h i n  s e c t i o n s  t o  s tudy t h e  growth l i n e s  i n  t h e  

i n f r a s t r u c t u r e  of  t h e  s h e l l s  i n  t h e  sample, 

I The i n i t i a l  s t a g e  of c u t t i n g  and smoothing t h e  r a d i a l  

I s h e l l  s e c t i o n  was t h e  same as t h a t  used f o r  a c e t a t e  pee l  

prepara t ion ,  However, i n s t e a d  of e tching,  t h e  smoothed c u t  

was mounted on petro&aphic s l i d e s  with H i l l q u i s t  A/B epoxy. 

The mounted s h e l l s  were cured f o r  one hour a t  130 degrees 

I Cels ius  on a s l i d e  warmer, Following t h e  curing process ,  t h e  

petrographic s l i d e s  were mounted on a vacuum chuck on t h e  

I d o l l y  arm of t h e  Isomet saw, Using t h e  micrometer adjustment, 



blade and then  backed. o f f  approximately 80 microns (,003 

of an i n c h ) ,  The s h e l l  was then  c u t  away from t h e  s l i d e  

l eav ing  an a t tached s e c t i o n  approximately 70-100 microns th ick ,  

The mounted s e c t i o n  was smoothed on a  g l a s s  p l a t e  using 925 

g r i t  with water a s  a  l u b r i c a n t ,  The s e c t i o n  was then  s t a ined  

with Toluidine Blue 0 s t a i n ,  

The procedure used t o  s t a i n  t h e  t h i n  s e c t i o n s  was a s  

fol lows : 

1, Etch t h e  s e c t i o n s  f o r  20 seconds i n  a  10  percent  

hydrochloric a c i d  so lu t ion ,  

2, Rinse t h e  s e c t i o n  under running water,  

3. Placc t h e  s e c t i o n  i n  form01 s a l i n e  s o l u t i o n  f o r  a t  

l e a s t  e i g h t  hours (Appendix C). 

4. Rinse t h e  s e c t i o n  i n  d i s t i l l e d  water,  

5, Place t h e  s e c t i o n  i n  a Toluidine Blue 0  s o l u t i o n  

f o r  f o u r  hours (Appendix C ) ,  

6, Rinse t h e  s e c t i o n  i n  d i s t i l l e d  water,  

7 ,  Allow t h e  s e c t i o n  t o  a i r  d ry  f o r  about one hour, 

8 ,  Mount g l a s s  cover s l i p s  with FLO-TEXX mounting 

medium (Appendix C ) . 
The etching procedure w a s  used t o  expose a more 

concentrated a r e a  of conchiol in  t o  t h e  form01 f i x a t i v e  f o r  

subsequent s t a i n i n g ,  It was found t h a t  Toluidine Blue 0  

emphasized t h e  l a r g e  s c a l e  s t r u c t u r e s  wi th in  t h e  s h e l l  

i n f r a s t r u c t u r e  more c l e a r l y  than  d id  an Al iza r in  Red S so lu t ion .  

Both s t a i n s  were of value i n  enhancing t h e  mic ros t ruc tu ra l  



l i n e s ,  It was found t h a t  t h e  H i l l q u i s t  C/D mounting epoxy 

ex t rac ted  t h e  s t a i n  from t h e  s e c t i o n s  and Gispersed it 

throughout t h e  mounting medium, For t h i s  reason, t h e  FLO-TEXX 

product was used t o  mount t h e  cover s l i p s ,  a s  it d id  no t  a f f e c t  

t h e  s t a i n ,  I n  a few cases ,  t h e  s l i d e s  were l e f t  f o r  t o o  long a 

per iod i n  t h e  Toluidine Blue 0 so lu t ion ,  This  r e s u l t e d  i n  

excessive s t a i n i n g  which in ter fered .  with counting t h e  

microincrements through t h e  l i g h t  microscope, It was found t h a t  

i f  t h e  s l i d e  w a s  etched f o r  two o r  t h r e e  seconds with a 10  

percent  hydrochloric  ac id  s o l u t i o n  and immediately r i n s e d  i n  

d i s t i l l e d  water,  p r i o r  t o  mounting t h e  cover g l a s s e s ,  t h e  

excess s t a i n i n g  could be removed, 

To determine whether a d d i t i o n a l  information could be 

obtained by means of t h e  Scanning Elec t ron  Nicroscope (SEM), 

a number of specimens were prepared t o  do a comparative 

study, The p repara t ion  of t h e  s tudy specimens w a s  l e s s  

complicated than  e i t h e r  t h i n  s e c t i o n s  o r  a c e t a t e  p e e l s ,  

However, t h e  SEM did  not  provide any s i g n i f i c a n t  a d d i t i o n a l  

information. Radial  s e c t i o n s  were c u t  from t h e  v e n t r a l  edge 

of t h e  va lves  with t h e  Isomet saw and mounted on SEM s t u d s  

wi th  carbon pas te ,  They were etched. f o r  10  seconds wi th  10  

percent  hydrochloric ac id  an6 then  r i n s e d  under running 

water and air-dr ied,  The specimens were vacuum coated wi th  

gold and examined with t h e  SEN, 

The SEN shows growth l i n e s  on s e l e c t e d  pr i smat ic  c r y s t a l s  

3 s a t i s f a c t o r i l y  a t  10  . However, t h e  f i e l d  of  view i s  s o  small  



t h a t ,  given t h e  discont inuous na tu re  of many of t h e  

microincrements, it wouic be extremely d i f f i c u l t  t o  do a 

growth l i n e  count u n l e s s  an e n t i r e  s e c t i o n  of s h e l l  were 

photographed and a l a r g e  composite photograph of t h e  s h e l l  

constructed.  While t h e  cos t  i n  t ime and money f o r  an ind iv idua l  

s h e l l  would not  be excessive,  t h e  c o s t  f o r  an assemblage would 

be very high. The use  of t h e  SEN d id  not  f u r n i s h  any a d d i t i o n a l  

information on t h e  microincrements i n  t h e  pr i smat ic  l a y e r  and 

none were v i s i b l e  i n  t h e  nacreous s t r u c t u r e ,  

The technique may be an a l t e r n a t i v e  t o  t h i n  s e c t i o n s  i n  

t h e  s tudy of f r a g i l e  a rchaeologica l  specimens, but it would 
I 

be a slow and expensive way of processing large samples i f  

composite photographs were necessary,  The use of s t a ined  t h i n  

s e c t i o n s  and a l i g h t  microscope proved t o  be t h e  most u s e f u l  

technique t o  s tudy t h e  micros t ruc ture  of t h e  mussels i n  t h i s  

sampl e , 



Chapter 4: ~~ICKOSCOPTC h X U i ~ X N A T i O N  OF INFRASTKUCTURL 

OF LANFSILIS SILIQUOIDEA 

The exoskeleton of  a freshwater  unionid i s  composed of 

t h r e e  d i s t i n c t  carbonate l a y e r s  i n  add i t ion  t o  t h e  e x t e r i o r  

periostracum which i s  e s s e n t i a l l y  a depos i t  of t h e  albuminoic? 

substance conchiol in  (Figure 4). T;Jilbur (1960:1@) desc r ibes  

s h e l l  i n f r a s t r u c t u r e  a s  follows: "Each main s h e l l  l a y e r  i s  a 

mult i layered s t r u c t u r e  of  c r y s t a l l i n e  ma te r i a l ,  t h e  lamel lae  

of which a r e  separated by c o n ~ h i o l i n , ~ ~  The boundaries o r  growth 

l i n e s  which separa te  t h e  larnellae represent  i n t e r r u p t i o n s  i n  

depos i t ion  of t h e  s h e l l  ma te r i a l ,  These d i s c o n t i n u i t i e s  occur 

i n  response t o  environmental and phys io logica l  events  

experienced by t h e  ind iv idua l  mussels, A demonstrated 

r e l a t i o n s h i p  between t h e  cumulative frequency of growth l i n e  

depos i t ion  and t h e  passage of measureable u n i t s  of time would 

form a b a s i s  f o r  t h e  es t imat ion  of seasona l i ty ,  

It has been demonstrated t h a t  marine b iva lves  r e f l e c t  

t h e  e f f e c t s  of environmental v a r i a b l e s  through an irnrned-iate 

response i n  t h e i r  metabolic processes  (Barker 1964,1970; 

Clark 1975; Cunl i f fe  and Kennish 19'74; Evans 1972,1975;   all 

1975 ; Hall  e t  a 1  , 1974; Koike 1973 ; Kennish and Olsson 1975 ; 

Lowenstam 1954; Pannel la  and D'IacClintock 1968a,l968b ; Rhoads 

and Pannel la  1970; Rosenberg and Jones 1975; Thompson 1975; 

I~jhyte 1975). Noderate temperature s h i f t s  o f t e n  a l t e r  t h e  



FIGURE 4 .  R a d i a l  c ross  sec t ion  of  'a f r e s h w a t e r  

m u s s e l  she l l  
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c r y s t a l  polymorph which t h e  animal has  been depos i t ing ,  but 

if they a r e  subjected t o  more d r a s t i c ,  unfavorable 

environmental condi t ions ,  they  w i l l  withdraw i n t o  t h e i r  s h e l l s ,  

and metabolism e i t h e r  ceases  o r  s h i f t s  from aerobic  t o  anaerobic 

processes  (Lutz.snd Rhoads 1977). I n  t h e  f i r s t  case,  s h e l l  

depos i t ion  ceases ,  and i n  t h e  second, t h e r e  may be an a c t u a l  

r e s o r p t i o n  of carbonate mater ia l  from t h e  s h e l l  su r face  t o  

b u f f e r  ac ids ,  e s p e c i a l l y  succ in ic  ac id ,  produced by t h e  

anaerobic metabolic process. The processes which have been 

demonstrated t o  d i s r u p t  t h e  depos i t ion  of s h e l l  i n  marine 

b iva lves  and i n i t i a t e  recognizable  incremental  s t r u c t u r e s  a re :  

. . . . . . . . . .  ( a )  s o l a r  year  macroincrements 

. . . . . . . . . . .  ( b )  s t o r m s .  macroincrements 

. . . . . . . . . . .  ( c )  spawning macroincrements 

. . . . . . .  i d )  predator  a t t a c k s  macroincrements 

. . . . . . . .  ( e )  thermal shocks macroincrements 

. . . . . . . .  ( f )  f r e e z e  shocks macroincrements 

( g )  t i d a l  cyc le  ( f o r t n i g h t )  . . .  microincrement c l u s t e r  

. . . . .  ( h )  d iu rna l  ( c i r c a d i a n )  microincrements 

. . . . . .  (i) d a i l y  t i d e  rhythm microincrements 

Deposition of s h e l l  t a k e s  p lace  when t h e  valves a r e  open 

and water i s  passing through t h e  siphon and over t h e  g i l l s .  

The s h e l l  i s  composed of calcium carbonate i n  t h e  form of 

a ragon i t e  o r  c a l c i t e  c r y s t a l s  deposi ted on an organic matrix. 

I n  t h e  Unionidae, of which - L. s i l i q u o i d e a  i s  a member, t h e  

s h e l l s  a r e  composed of an o u t e r  pr i smat ic  l a y e r  and i n n e r  
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nacreous l a y e r s  (Kobayashi 1969:669). The outermost l a y e r ,  

t h e  pall iostracurn,  i s  composed of t w o  c r y s t a l l i n e  s t r u c t u r e s  

having a d i s t i n c t l y  d i f f e r e n t  o r i e n t a t i o n  of t h e  Z o r  long - 
axis .  The pr i smat ic  o u t e r  sublayer ,  t h e  ectostracum, has t h e  

long a x i s  roughly perpendicular  t o  t h e  growth l i n e s ,  and t h e  

nacreous sublayer ,  t h e  mesostracum, has t h e  long a x i s  of t h e  

c r y s t a l s  roughly p a r a l l e l  t o  t h e  growth l i n e s .  The pa l l ios t racum 

i s  sec re ted  by t h e  v e n t r a l  f o l d s  of t h e  mantle. The middle 

l a y e r ,  t h e  myostracum, i s  a depos i t  of  t h e  p a l l i a l  l i n e ,  The 

p a l l i a l  l i n e  i s  a boundary between t h e  dorsa l  and v e n t r a l  

mantle which is l o o s e l y  a t tached t o  t h e  valves. I n  cross-  

sec t ion ,  t h e  myostracum appears t o  c rosscut  t h e  major growth 

l i n e s .  The i n n e r  l a y e r ,  t h e  endostracum, i s  sec re ted  by t h e  

d o r s a l  por t ion  of t h e  mantle, I n  consequence of t h i s  l aye red  

s t r u c t u r e ,  t h e  major growth l i n e s  pass  through severa l  l a y e r s  

deposi ted by d i s t i n c t l y  d i f f e r e n t  por t ions  of t h e  mantle. Any 

i n t e r p r e t a t i o n  of  growth l i n e s  must t a k e  i n t o  account t h e  

p o s s i b i l i t y  of one por t ion  of t h e  mantle depos i t ing  s h e l l  

independently of t h e  o t h e r  por t ions .  Examination of t h e  

present  sample ind ica ted  t h a t  t h i s  was t h e  case f o r  many of  

t h e  va lves  ( P l a t e  1). Often, t h e  number of  macroincrements 

v i s i b l e  i n  t h e  umbo did  not co inc ide  with t h e  number of 

macroincrements which were observed i n  t h e  pal l iostracum, 

examining t h e  t h i n  s e c t i o n s  microscopical ly ,  a 

macroincrement w a s  defined as a segment of s h e l l  i n  t h e  

pa l l ios t racum bounded by wel l  defined. and s t a ined  growth l i n e s  

which extended from t h e  periostracum through t h e  ectostracum 



Plate 1: Kyostracum Crosscutting Growth Lines at the Boundary 
of the Mesostracum and the Endostracum 
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and mesostracum t o  t h e  i n n e r  su r face  of t h e  s h e l l ,  o r  t o  t h e  

myostracum, well def ined growth l i n e s  wnich terminate6 before 

en te r ing  t h e  mesostracum o r  which faded out  before  reaching 

e i t h e r  t h e  i n t e r i o r  su r face  of t h e  s h e l l  o r  t h e  myostracum 

were t r e a t e d  a s  minor d is turbance  l i n e s  r a t h e r  than  annuli .  

The segments which they  bounded were combined t o  form s i n g l e  

macroincrements when t h e  microincrement counts were made. ALL 

of  t h e  counts l i s t e d  i n  Appendix B were t r e a t e d  as 

microincrement t o t a l s  found wi th in  macroincrements, and were 

bounded by growth l i n e s  be l ieved t o  represent  win te r  h i a t u s e s ,  

It is  recognized t h a t ,  i n  many cases ,  t h e  macroincrements may 

represen t  some period less than  a season of growth, but no 

i n t e r n a l  c r i t e r i a  could be i d e n t i f i e d  f o r  making any r e l i a b l e ,  

o b j e c t i v e  separa t ions  between t h e  macroincrements r e s u l t i n g  

from d i f f e r e n t  environmental o r  phys io logica l  condi t ions ,  

Two mussels, A-052 and A-054, which contained abnormally 

low microincrement counts, i n  terms of  t h e  assemblage of 

which they  a r e  a p a r t ,  show i n d i c a t i o n s  of s h e l l  trauma 

which may have been induced by d i s e a s e  o r  p a r a s i t e s  ( P l a t e  2), 

These specimens a r e  excluded from t h e  averages i n  Figure 4, 

as a r e  A-12 and A-15 which showed recent  s h e l l  damage, 

I n  a l l  of  t h e s e  cases ,  t h e  damage t o  t h e  s h e l l  was 

obvious, The i d e n t i f i c a t i o n  of t h e s e  traumas i n  no way 

depended upon p r i o r  knowledge of t h e  s h e l l  micros t ruc ture  o r  

upon t h e  examination of  s o f t  t i s s u e ,  It i s  reasonable t o  

assume t h a t  valves which showed evidence of damage o r  







deformity would r e f l e c t  i n  t h e i r  i n f r a s t r u c t u r e  t h e  

environmental o r  b i o l o g i c a l  traumas which induced t h e  

observed abnormali t ies ,  A 1 1  damaged o r  deformed s h e l l s  should 

be cu l l ed  from assemblages t o  be used f o r  s e a s o n a l i t y  s tud ies ,  

One of t h e  demonstrated i n i t i a t o r s  of major growth l i n e s  

i n  marine spec ies  i s  spawning (Kennish and Olsson 1975). 

There i s  no evidence of  a  p a t t e r n  of major growth l i n e s  being 

formed i n  t h i s  sample during summer, on e i t h e r  a  populat ion 

l e v e l ,  o r  along sexual  l i n e s  i n  L, - s i l iquo idea ,  o r  any of t h e  

o t h e r  spec ies  examined, It i s  known t h a t  t h e  Unionidae r e l e a s e  

t h e i r  g loch id ia  from l a t e  June u n t i l  e a r l y  August (Clarke 1973 ; 

Natteson l9.@), Gloch-jdia were p resen t  i n  females i n  t h i s  

sample c o l l e c t e d  a f t e r  mid-August. While ind iv idua l  physiology 

i s  important,  beyond a  reasonable doubt, t o  p a t t e r n s  of 

depos i t ion  i n  any given mussel, t h e r e  i s  no obvious b i o l o g i c a l  

rhythm imposed on t h e  growth l i n e  p a t t e r n s  f o u n ~  i n  t h e  

i n f r a s t r u c t u r e  a t  t h e  populat ion l e v e l  i n  t h i s  sample, 

The microincrement counts were made using a Nikon 

b inocular  microscope and t r ansmi t t ed  l i g h t  a t  4OOX 

magnif icat ion,  The conchiol in  r i c h  l a y e r s  showed up a s  b r i g h t  

t r a n s l u c e n t  bands with t h e  aragoni te  bands appearing darker.  

The s t a i n  appear& t o  enhance t h e  boundaries between t h e  

l a y e r s ,  

The microincrements a r e  v i s i b l e  only  i n  t h e  p r i smat i c  

l a y e r  of t h e  spec ies  included i n  t h i s  sample, The ind iv idua l ,  

p l a t e - l ike  a ragon i t e  c r y s t a l s  i n  t h e  mesostracum can be 
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r e a d i l y  d is t inguished i n  c r o s s  sec t ion ,  but t h e r e  a r e  no 

continuous s t r u c t u r e s  which coula be i d e n t i f i e d  as 

microincrernents, The conchio l in  bands, which form t h e  

boundaries of t h e  microincrements pass  through t h e  ind iv idua l  

pr i smat ic  c r y s t a l s  a t  approximately r i g h t  angles  t o  t h e i r  

long axes, The pr i smat ic  c r y s t a l s  a re ,  i n  genera l ,  continuous 

from t h e i r  po in t  of o r i g i n  a t  t h e  periostracum u n t i l  t h e y  

te rminate  a t  t h e i r  juncture with t h e  mesostracum (Figure 4). 

R major problem i n  t h e  d e f i n i t i o n  and i d e n t i f i c a t i o n  of  

microincrernents was t h e  f requent  l a c k  of c o n t i n u i t y  of 

growth l i n e s  through a continuous s e r i e s  of  pr i smat ic  c r y s t a l s ,  

I n  many cases ,  a growth l i n e  which had passed through severa l  

c r y s t a l s  would abrup t ly  cease a t  a c r y s t a l  boundary and then  

reappear  seve ra l  c r y s t a l s  f u r t h e r  on ( P l a t e  3 ) .  The reason f o r  

t h i s  i s  unknown. A micrometer con t ro l l ed  microscope s t a g e  is 

invaluable  f o r  c o n t r o l l i n g  s l i d e  movement while t r a c i n g  t h e s e  

discont inuous l i n e s ,  

C r i t e r i a  f o r  d e l i n e a t i o n  of microincrements were 

extremely d i f f i c u l t  t o  def ine ,  e s p e c i a l l y  a t  t h e  margins of 

t h e  macroincrements, I n  t h e  slow growth regions,  a t  t h e  o u t e r  

margins of many of t h e  macroincrements, which a r e  assumed t o  

occur i n  sp r ing  and f a l l ,  t h e  boundaries of  t h e  microincrernents 

a r e  extremely c l o s e  t o g e t h e r  and grade slowly i n t o  what appear 

t o  be subdai ly  increments during t h e  season of more rap id  

growth, assumed t o  be summer. 
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Ifith p r a c t i c e ,  it became inc reas ing ly  apparent t h a t  l i g h t  

t r a n s m i t t i n g  propert ies  o f  t h e  c o n c h i d i n  accounted f o r  Light 

and dark banding and t h a t  t h e r e  was a recognizable  d i f f e rence  

between t h e  boundaries of increments and t h e  gradual  changes 

which occurred wi th in  increments. These d i f f e r e n c e s  were most 

apparent during t h e  per iods  of r ap id  and slow growth, I n  t h e  

t r a n s i t i o n a l  reg ions  of  t h e  macroincrements, t h e  d i f f e r e n c e s  

were l e s s  wel l  marked, There i s  a measure of  s u b j e c t i v i t y  i n  

t h e  counts of t h e  microincrements, but t h e  o v e r a l l  t r end  

towards an inc reas ing  average number of  microincrements i n  

t h e  f i n a l  v e n t r a l  macroincrement, a s  t h e  season progresses ,  

i s  apparent i n  Figure 5. 

The c r i t e r i a  used t o  d i f f e r e n t i a t e  between growth checks 

i n  marine b iva lves  do not  appear t o  be r e l i a b l e  i n  evalua t ing  

t h e  s t r u c t u r e s  of  f reshwater  mussels. The ameliorat ing e f f e c t  

of  t h e  ocean on s h o r t  term temperature f l u c t u a t i o n s  i s  not  a s  

g r e a t  i n  r i v e r s  and f reshwater  l a k e s  where t h e  volume of water 

i s  much l e s s ,  A sudden drop i n  a i r  temperature o r  a sudden 

r i s e  i n  a i r  temperature i s  quickly  expressed i n  a corresponding 

drop o r  r i s e  i n  freshwater  temperature,  A t  a l a t i t u d e  of 50 

degrees North, i n  a given year ,  t h e r e  may not  be a per iod of  

slow growth preceding t h e  winter  h i a t u s ,  This would occur i f  

t h e r e  was a sudden and unrsmit ted drop i n  a i r  temperatures 

i n  t h e  e a r l y  f a l l  while  growth w a s  st i l l  rapid.  I n  addi t ion ,  

confusion could r e s u l t  from t h e  i n l e r p r e t a t i o n  of h i a t u s e s  

containing g r i t  p a r t i c l e s  a s  storm breaks. The dislodgement 

of mussels by t h e  sp r ing  runoff ,  p r i o r  t o  t h e  resumption of 



F I G U R E 5 .  Microincrements expressed a s  a 

funct ion of the  d a t e  of col lect ion 
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growth following t h e  win te r  h i a t u s ,  might cause s i l t  and 

gravel  t o  bccoxe lo&gcd bccenth t h e  mantle and Incorporated 

i n t o  t h e  s h e l l  as a f e a t u r e  of a major growth l i n e .  F ina l ly ,  

t o  f u r t h e r  obfuscate  t h e  record of  s h e l l  depos i t ion ,  i n  t h e  

absence of t i d a l  entrainment of t h e  c i r cad ian  rhythm, t h e  

mussels i n  t h i s  sample appear t o  have developed a h igh ly  

i n d i v i d u a l i s t i c  response t o  t h e  v a r i a b l e s  of t h e i r  environment. 

This  v a r i a b i l i t y  i s  shown i n  Figure 5 by t h e  range of 

microincrement counts  i n  each of t h e  samples gathered from a 

s i n g l e  mussel bed a t  S t a t i o n  3 i n  t h e  Assiniboine River,  For 

example, i n  t h e  sample c o l l e c t e d  August 29,  t h e  microincrement 

count ranges from 35 t o  123 i n  t h e  l a s t  macroincrement which 

w a s  being deposi ted,  

The sample, from which t h e  d a t a  f o r  Figure 5 were derived, 

was drawn from a s i n g l e  mussel bed where t h e  s u b s t r a t e  and 

f low of water were constant .  The mussels were c o l l e c t e d  from 

a depth of between 20 and 50 cm, and i n  a11 r e s p e c t s  t h e s e  

mussels appeared t o  be i n d i v i d u a l l y  subjected t o  t h e  same 

environmental condi t ions.  Yet t h e r e  i s  a g r e a t  v a r i a t i o n  i n  

t h e  number of  microincrements which t h e y  recorded, The b a s i s  

f o r  t h e  response i s  probably a c i r cad ian  d iu rna l  rhythm. 

However, t h e r e  may be a h igh ly  i n d i v i d u a l i s t i c  response t o  

v a r i a t i o n s  of temperature. Several  specimens ( p l a t e  4) show 

small  s c a l e  h i a t u s e s  i n  t h e  ectostracwn which may r e f l e c t  

e i t h e r  hea t  o r  co ld  shocks, There i s  no way of knowing how 

g r e a t  a per iod of t ime i s  represented  by t h e s e  minor checks, 
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o r  of  knowing f o r  c e r t a i n  when they  occurred. Successful l i v e  

s t a i n i n g  and c~nf inernent  experiments w u b d  give %his 

information. I n  view of t h e  d i f f i c u l t y  experienced i n  

e s t a b l i s h i n g  c r i t e r i a ,  by means of  which t h e  observer  could 

i d e n t i f y  and d i f f e r e n t i a t e  between growth checks i n i t i a t e d  by 

d i f f e r e n t  causa l  agencies,  t o g e t h e r  with t h e  wide v a r i a t i o n  

i n  t h e  number of microincrements contained i n  a macroincrement, 

it i s  necessary t o  approach t h e  quest ion of s e a s o n a l i t y  on t h e  

b a s i s  of sample averages. I n  Figure 5, t h e  sample from s t a t i o n  

t h r e e  c l e a r l y  i n d i c a t e s  a t r e n d  t o  a g r e a t e r  average number' 

of increments as t h e  growth season progresses.  The t e n t a t i v e  

end of season average would appear t o  be g r e a t e r  than  60 

increments,  ranging upwards t o  80 increments. This es t imate  

i s  based on t h e  averages ca lcu la tzd  from t h e  microincrement 

counts i n  t h e  l a s t  t h r e e  macroincrements of t h e  mussels i n  

t h e  sample c o l l e c t e d  from s t a t i o n  t h r e e  ( ~ p p e n d i x  B ) .  

It i s  evident  from an examination of Figure 5 t h a t  t h e  

per iod of maximum average microincrement depos i t ion  i n  t h i s  

sample took p lace  a f t e r  J u l y  23 and before  August 17 

fol lowing a cumulative r i s e  i n  mean temperature (Figure 6 )  and 

an a t t endan t  i n c r e a s e  i n  t h e  populat ion of micro-organisms 

which t h e s e  f i l t e r  feeders  consume, It i s  probable t h a t  

optimum condi t ions  of temperature and food supply were reached 

i n  Ju ly ,  and t h a t  fol lowing t h e  r e l e a s e  of t h e  l a s t  of 

t h e i r  glochidia ,  t h e  mussels quickly achieved. a maximum 

metabolic r a t e  of recovery and regenerat ion.  This  

environmental and metabolic optimum may have been abrup t ly  
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Figure 6. Moving Averages of Air Temperatures (taken II at 

a time) between May 6 and November 25 
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cu t  shor t  by a severe cold shock on August 13 (Figure  2 ) .  

The observed v a r i a b i l i t y  i n  t h e  sample microincrement counts 

may r e f l e c t  ind iv idua l  metabolic v a r i a b i l i t y  inf luenced by 

genes, s t a g e  of gametogenesis, pathogens, p a r a s i t e s  o r  o t h e r  

unknown phys io logica l  f a c t o r s ,  However, i n  s p i t e  of t h i s  

observed v a r i a b i l i t y  of  response t o  apparent constant  

astronomical and environmental s t i m u l i ,  t h e r e  i s  a s teady 

inc rease  i n  t h e  average microincrement count i n  successive 

samples. This  observat ion  sugges ts  t h a t  t h e  microscopic 

examination of t h e  i n f r a s t r u c t u r e  of t h e  s h e l l s  of  f reshwater  

mussels may provide a r e l i a b l e  seasonal  i n d i c a t o r  i n  

archaeological  s i t e s  where a s u i t a b l e  sample can be recovered 

and analysed f o r  microincrement counts,  

S tudies  of  marine b iva lves  (Andrews 1972; Ansell  1968; 

Barker 1970; Hal l  1975; Hal l  e t  a l ,  1974) i n d i c a t e  t h a t  

changes i n  l a t i t u d e  and c l ima t i c  v a r i a b l e s  w i l l  s eve re ly  

l i m i t  t h e  a r e a  over which s e a s o n a l i t y  may be genera l ized  

from a set of averages ca lcu la ted  from a ~ t a n d a r ~  sample, 

Each s tudy a r e a  and geographic region w i l l  r e q u i r e  a modern 

sample from which t o  es t imate  a s e t  of seasonal  averages. It 

w i l l  a l s o  be necessary t o  determine whether t h e  palaeo- 

environment of t h e  per iod under s tudy w a s  e s s e n t i a l l y  s i m i l a r  

t o  modern condi t ions.  It is abundantly c l e a r  t h a t  a g r e a t  

dea l  more work i s  requi red  i n  t h i s  f i e l d ,  

The depos i t iona l  p a t t e r n s  i n  b iva lve  s h e l l s  r e f l e c t  t h e  

animal 's  response t o  changes i n  t h e i r  environment o r  
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physiology, Indiv idual  mussels appear t o  demonstrate a h ighly  

i n d i v i d u a l i s t i c  response t o  t h e  same environmentai c o n ~ i t i o n s  

and do not n e c e s s a r i l y  r e f l e c t  t h i s  response i n  a11 l a y e r s  of  

t h e i r  s h e l l s .  I\iiicroincrernents a r e  v i s i b l e  only i n  t h e  

ectostracurn, The average microincrement count of sequen t i a l ly  

gathered samples of mussels shows a s teady i n c r e a s e  i n  t h e  

microincrement averages with t h e  passage of time during t h e  

growth season, This sample average count may form t h e  b a s i s  

f o r  s e a s o n a l i t y  es t imates  i n  a d i s c r e t e  archaeological  

assemblage, 



Chapter 5 : A TE3TATIVE EVALUATION O F  TB5 POTaNTIAL 

OF THE OTHER SPECIES I N  THE SAKPLE 

With t h e  poss ib le  exception of Lampsilis  - ovata and. 

Ligumia r e c t a ,  t h e  samples of t h e  spec ies  o the r  than 

s i l i q u o i d e a  a r e  t o o  small  t o  make a confident evaluat ion of 

t h e i r  growth l i n e  s tudy p o t e n t i a l .  A l l  spec ies  i n  t h e  sample, 

with t h e  exception of Fusconaia f l ava ,  were examined i n  t h i n  

sec t ion .  I n  genera l ,  a l l  spec ies  showed microincrements with 

varying degrees of d e f i n i t i o n .  A l l  f i n a l  macroincrements 

contained counts of microincrements which f e l l  within t h e  

range of t h e  L. s i l i q u o i d e a  sample. Samples ofthe o t h e r  species ,  

with t h e  exception of  La ovata  which showed poor d e f i n i t i o n  

of nicroincrements,  were t o o  small  t o  evalua te  whether o r  not 

t h e i r  p a t t e r n s  of depos i t ion ,  o r  frequency of microincrement 

depos i t ion ,  were s i g n i f i c a n t l y  d i f f e r e n t  from those  of La 
s i l iquo idea .  An extremely t e n t a t i v e  statement of t h e i r  

p o t e n t i a l ,  r e l a t i v e  t o  s i l i q u o i d e a ,  follows: 

Amblema p l i c a t a  - This spec ies  appears t o  have t h e  same 

s t r u c t u r a l  elements a s  - La s i l i q u o i d e a  with microincrements 

which a r e  a t  l e a s t  a s  wel l  defined. A minor h i a t u s  was noted 

i n  two specimens c o l l e c t e d  a t  s t a t i o n  four  which, based on t h e  

evidence from a backcount from t h e  shell /mantle i n t e r f a c e ,  

could r e s u l t  from t h e  August 13 f r e e z e  shock (Figure 2 ) .  



Anodonta grandis  - This spec ies  l a y s  down microincrements i n  a  

p a t t e r n  s i m i l a r  t o  - L. s i l i q u o i d e a  but e i t h e r  over an extended 

growing season o r  with a g r e a t e r  frequency. The d e f i n i t i o n  of 

t h e  microincrements appears t o  be s l i g h t l y  b e t t e r .  

Fusconaia f l a v a  - No evalua t ion  of t h i s  spec ies  w a s  made, due 

t o  d i f f i c u l t i e s  i n  t h e  p repara t ion  of t h e  thin-sect ions.  These 

problems were of a t e c h n i c a l  na tu re  unre la ted  t o  t h e  s t r u c t u r e  

of t h e  s h e l l  s p e c i f i c a l l y ,  

Lampsilis  - ovata  - This c l o s e l y  r e l a t e d  spec ies  w a s  s i m i l a r  t o  

s i l i q u o i d e a  i n  a l l  r e s p e c t s  of s h e l l  depos i t ion  except t h a t  

t h e  microincrcmcnts were c o n s i s t e n t l y  l e s s  wel l  define$.. 

Lasmigona complanata - This spec ies  appears t o  have t h e  most 

c l e a r l y  def ined microincrements of any of  t h e  spec ies  examined, 

On t h e  b a s i s  of an extremely small sample, it may a l s o  be s t a t e d  

t h a t  t h i s  spec ies  appears t o  d i s p l a y  t h e  most c o n s i s t e n t  

depos i t iona l  record of microincrements, 

Ligumia r e c t a  - This spec ies  i s  comparable t o  L. s i l i q u o i d e a  i n  

depos i t iona l  p a t t e r n  and c l a r i t y  of microincrement d e f i n i t i o n ,  

S t roph i tus  undulatus - The s i n g l e  2,  undulatus specimen 

contained wel l  defined microincrements and severa l  minor growth 

l i n e s  wi th in  each macroincrement, This  may i n d i c a t e  s e n s i t i v i t y  

t o  t h e  environment, coupled with an a b i l i t y  t o  recover  quickly 

from traumatic  events  and resume normal depos i t ion  of s h e l l ,  



No c l e a r  i n d i c a t i o n  of  t h e  sample s i z e  requi red  t o  make a  

reasonably accura te  es t imate  of  s e a s o n a l i t y  can be derived from 

t h e  mussels i n  t h i s  study, The v a r i a b i l i t y  i n  t h e  t a r g e t  

populat ion i s  unknown and cannot be r e l i a b l y  est imated from such 

a  small  sample, The v a r i a t i o n  shown i n  t h e  depos i t ion  of t h e  

microincrements, t o g e t h e r  with t h e  small  s i z e  of t h e  sample 

subse ts ,  p l ace  severe limits on t h e  confi2ence which may be 

accorded t o  any es t ima tes  made from t h i s  s tudy sample. I n  

Appendix E t h e  mean (z), standard devia t ion  (s,), s tandard e r r o r  

o f  t h e  mean (s-) ,  and sample s i z e  es t imates  (no) ,  a r e  ca lcu la ted  x 
f o r  each sample. The first sample i s  ca lcu la ted  f o r  95 percent  

confidence t h a t  ?? f a l l s  wi th in  25 microincrements of The 
4- second sample i s  ca lcu la ted  f o r  a -10 e r r o r ,  

The wide v a r i a t i o n  i n  t h e s e  es t imates  of no ( 2 .  t o  20 f o r  $5 

1 t o  5 f o r  210) i n d i c a t e s  t h a t  t h e s e  samples do not  a f f o r d  very 

g r e a t  p rec i s ion  i n  es t imat ing  populat ion parameters,  I n  addi t ion,  

s i n c e  t h e  samples a r e  no t  of t h e  same s i z e ,  they  cannot be 

d i r e c t l y  compared, and s i n c e  t h e  samples were gathered a t  

d i f f e r e n t  t imes,  they  cannot be lumped tpge the r  i n t o  a  s i n g l e  

sample because t h e  v a r i a b i l i t y  may be p a r t l y  a  funct ion  of t h e  

s t a g e  of  metabolic a c t i v i t y  of t h e  population, If t h e  

4- i n v e s t i g a t o r  i s  s a t i s f i e d .  wi th  a  -10 accuracy es t imate ,  a  sample 

of .  5 s h e l l s  might prove t o  be adequate. A 25 l e v e l  of p r e c i s i o n  



would r e q u i r e  a  much l a r g e r  sample, The averages p l o t t e d  i n  
4" 

Figure 5 i n d i c a t e  t h a t  an es t imate  wi th in  a  A10 e r r o r  could 

provide an es t imate  of  s e a s o n a l i t y  of t h e  o rde r  of spr ing ,  

summer o r  f a l l  w i th in  t h e  bounds of 95 percent  confidence. 

I n  t h e  Canadian I n t e r i o r  Basin, i f  it can be assumed t h a t  

t h e  mussels found i n  an archaeological  s i t e  were c o l l e c t e d  l i v e ,  

an assemblage which shows no i n d i c a t i o n  of t h e  commencement of 

growth following l a r g e  macroincrements can probably be assumed 

t o  have besn gathered l a t e  i n  t h e  season. The harves t ing  of 

mussels through a l a y e r  of win te r  i c e  would be extremely 

l abor ious  and. l i k e l y  t o  be h igh ly  unproductive. The f i n a l  samplG 

of scven mussels collected November 26 from s t a t i o n  3 requi red  

t h a t  a  15 m by 20 m hole  be cu t ,  i n  an inc reas ing  r a d i a l  search 

f o r  mussels, i n  an a r e a  where e a r l i e r  i n  t h e  season they  were 

e a s i l y  picked from a bed of  hundreds, A w e t  s u i t ,  f o r  which 

t h e r e  i s  no documented analogue among abor ig ina l  people i n  

t h i s  a rea ,  was used t o  make t h i s  co l l ec t ion .  Following winter ,  

f looding  of r i v e r  channels occurs  i n  spr ing  p r i o r  t o ,  and during 

brea-kup of t h e  r i v e r  i c e .  It i s  h igh ly  u n l i k e l y  t h a t  mussels 

would be a v a i l a b l e  t o  abor ig ina l  populat ions p r i o r  t o  t h e  

commencement of summer depos i t ion  of  s h e l l  mater ia l .  I n  t h e  

region  whera t h e  s tudy sample was gathered,  it i s  u n l i k e l y  t h a t  

it would prove d i f f i c u l t  t o  d i s t i n g u i s h  between an assemblage 

c o l l e c t e d  i n  t h e  l a t e  f a l l ,  

When considering archaeologica l  assemblages, it should 
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be s t r e s s e d  t h a t  provenience of t h e  sample i s  of t h e  g r e a t e s t  

importance, Only those  assemblages which t h e  ana lys t  f e e l s  

confident  were excavated under condi t ions  of  exce l l en t  

con t ro l ,  and which represent  a  d i s c r e t e  c o l l e c t i o n  assemblage, 

should be used t o  es t imate  seasona l i ty ,  A composite sample 

w i l l  produce a meaningless average, e s p e c i a l l y  i f  t h e  sample 

specimens happen a s  a chance a s s o c i a t i o n  from d i f f e r e n t  

seasons and d i f f e r e n t  years ,  



It i s  c l e a r  t h a t  t h e  s h e l l  growth of f reshwater  mussels i n  

t h e  Canadian I n t e r i o r  Basin i s  confined t o  t h e  per iod when t h e  

waters  a r e  i c e  f r e e ,  and t h a t  maximum growth t a k e s  p lace  during 

t h e  warmest p a r t  of t h e  summer. While t h e r e  i s  no simple l i n e a r  

r e l a t i o n s h i p  t o  temperature,  governing a l l  mussels equal ly,  

t h e r e  i s  an obvious t r e n d  f o r  t h e  average number of 

microincrements i n  a sample t o  inc rease  a s  t h e  growing season 

progresses ,  

The problems assoc ia ted  with observer e r r o r ,  and extreme 

v a r i a t i o n  i n  t h e  r a t e  of depos i t ion  of s h e l l  ma te r i a l ,  preclude 

t h e  use of macroscopic techniques i n  making s e a s o n a l i t y  

e s t ima tes  from freshwater  mussel s h e l l s ,  There i s  t h e  add i t iona l  

problem of deciding whether o r  not a p a r t i c u l a r  macroincrement 

i s  an annulus, o r  i f  it  i s  r e p r e s e n t a t i v e  of some l e s s e r  per iod 

of t ime, t h e  boundary of which has  been prematurely defined by 

a h i a t u s  induced by some environmental o r  phys io logica l  event,  

I n  microincrement ana lys i s ,  t h i s  unce r t a in ty  appears t o  be 

mi t iga ted  by t h e  averaging procedure which i s  used following t h e  

microscopic counting of t h e  microincrements i n  an assemblage, 

llihile t h e r e  i s  a l a r g e  amount of v a r i a b i l i t y  i n  t h e  r a t e  of 

microincrement depos i t ion ,  t h e  l ay ing  down of t h e s e  increments 

seems t o  be a much more r e l i a b l e  i n d i c a t i o n  of s e a s o n a l i t y  than  

t h e  absolu te  amount of s h e l l  ma te r i a l  deposited over a given 



period of time. The demonstrated t r end  i n  t h i s  sample t o  an 

Zncrczas  i c  t h e  avcrage number of n i c r o i x r e m e n t s  throzgh $53: 9 

and subsequent t o  spr ing  breakup, i n d i c a t e s  t h a t  seasona l i ty  

s t u d i e s  on freshwater  mussels a r e  f e a s i b l e ,  The microscopic 

examination of s t a i n e d  t h i n  s e c t i o n s  appears t o  be t h e  most 

s a t i s f a c t o r y  of t h e  methods of micros t ruc tura l  a n a l y s i s  

considered i n  t h i s  study, 

The ques t ions  of t a r g e t  population v a r i a b i l i t y  and requi red  

sample s i z e  a r e  unresolved and await  t h e  c o l l e c t i o n  and a n a l y s i s  

of samples gathered with t h e s e  problems i n  mind, No attempt has  

been made t o  i s o l a t e  those  f a c t o r s  of environment o r  physiology 

which might prematurely te rminate  growth and produce a 

macroincrement represent ing  a p e r i o d i c i t y  s h o r t e r  than  a f u l l  

growth season o r  annulus. No obvious c r i t e r i a  f o r  making such 

d i s t i n c t i o n s  were i d e n t i f i e d  during microscopic examination of 

t h e  s h e l l  s ec t ions ,  The p o s i t i v e  i d e n t i f i c a t i o n  of r e l i a b l e  

c r i t e r i a  wi th in  t h e  i n f r a s t r u c t u r e  of t h e  mussel s h e l l s  would 

almost c e r t a i n l y  improve t h e  accuracy of seasonal  es t imates  by 

e l iminat ing  some of t h e  a r t i f i c i a l l y  t runcated  o r  diminished 

macroincrements from t h e  microincrement averages,  

A s  a  f i n a l  word of caut ion,  it must be s t a t e d  t h a t  s i n c e  

populat ion v a r i a b i l i t y  i s  unknown and s i n c e  c l i n a l  and 

l o n g i t u d i n a l  p a t t e r n s  of depos i t ion  have not been examined, t h i s  

t h e s i s  does not demonstrate a useable  technique f o r  determining 

s e a s o n a l i t y  of s i t e  occupation from archaeological  f reshwater  

mussel s h e l l s .  It  does i n d i c a t e  t h a t  t h e  i n f r a s t r u c t u r e  

of t h e  s h e l l s  of f reshwater  mussels records  environmental 
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information from which it may be f e a s i b l e ,  using microscopic 

techniques,  t o  e x t r a c t  da ta  leading  t o  a  reasonable es t imate  of 

t h e  season during which an assemblage of mussels died,  The 

e luc ida t ion  of t h i s  information w i l l  r e q u i r e  t h a t  s t u d i e s  of 

populat ion v a r i a b i l i t y ,  which a r e  r e f l e c t e d  i n  p a t t e r n s  of 

microincrement depos i t ion ,  be undertaken on l a r g e  co1Lections 

of modern s h e l l  f o r  which t h e r e  is d e t a i l e d  environmental 

information,  T t  w i l l  a l s o  prove necessary t o  conduct t h e s e  

s t u d i e s  ac ross  a  wide geographical range, 
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F4ACROSCOPIC OBSERVATION PROCeDURES 

Use a  random numbers t a b l e  o r  p e r c e n t i l e  d i c e  t o  s e l e c t  a 

random sample of 10  specimens from t h e  populat ion of 175 

Lampsilis  s i l i q u o i d e a  s h e l l s ,  Use t h e  following i n s t r u c t i o n s  

and t h e  diagram t o  measure and record t h e  ind ica ted  

observat ions,  Take a l l  measurements t o  t h e  nea res t  0.5 mrn. 

Make a l l  observa t ions  on t h e  l e f t  valve,  

To t a k e  measurements A ,  B,  D ,  and E, o r i e n t  t h e  valve i n  

t h e  following manner : 

( 1 )  Place t h e  valve on t h e  p iece  of metr ic  graph paper with 

t h e  e x t e r i o r  su r face  up and t h e  umbo along t h e  hor izon ta l  s c a l e ,  

( 2 )  Orient  t h e  plane of t h e  hinge p a r a l l e l  t o ,  and touching 

t h e  hor izon ta l  s c a l e ,  

( 3 )  Maintain t h i s  o r i e n t a t i o n  and be c e r t a i n  t h a t  t h e  l e f t  

edge of t h e  s h e l l  touches t h e  v e r t i c a l  s c a l e ,  

( 4 ) ~ a k e  measurements t o  t h e  c l o s e s t  h a l f  mi l l imeter ,  

Measurement A (maximum l e n g t h ) :  With t h e  s h e l l  o r i en ted ,  read 

t h e  measurement along t h e  hor izon ta l  s c a l e  a s  ind ica ted  by t h e  

extreme r i g h t  hand edge of t h e  s h e l l ,  Record t h i s  measurement 

i n  t h e  appropr ia te  box, 

Measurement B (depth from t h e  umbo t o  v e n t r a l  edge a t  r i g h t  

angles  t o  measurement A ) :  With t h e  s h e l l  o r i en ted ,  s e l e c t  t h e  

po in t  on t h e  hor izon ta l  s c a l e  passing through t h e  cen te r  of t h e  



umbo, Read t h e  v e r t i c a l  s c a l e  a t  t h e  poin t  where the  v e n t r a l  

edge i n t e r s e c t s  w i t h  t h e  l i n e  a l r eady  s e l e c t e d  on the  

h o r i z o n t a l  s c a l e .  Record t h i s  measurement i n  the  appropr ia te  

box, 

Measurement C (maximum width of  va lve ) :  Open the  c a l i p e r  jaws. 

Place the  lower jaw of t h e  spreading c a l i p e r  p o s t e r i o r  t o  the  

pseudocardinal tooth  and s l i d e  t h e  umbo back aga ins t  t h e  

t h r o a t  of the  c a l i p e r .  Rest the  v e n t r a l  edge and the  hinge 

su r face  of t h e  s h e l l  on t h e  lower jaw of t h e  c a l i p e r .  Keep 

t h e  pseudocardinal tooth  next t o  t h e  jaw of the  c a l i p e r  and 

s l i d e  the  v e n t r a l  edge o f  the  s h e l l  along t h e  lower jaw while 

c a r e f u l l y  c l o s i n g  the  c a l i p e r s  u n t i l  t he  fiaint  of maximum 

th ickness  i s  found. Read the  s c a l e  on the  c a l i p e r s  and record 

t h e  measurement i n  the  appropr ia te  box, 

Nea,surement D (Length f r o m  the  c e n t e r  o f  t h e  umbo t o  the  

a ,n te r io r  end of the  s h e l l  measured p a r a l l e l  t o  the  plane of 

t h e  h inge) :  With the  s h e l l  o r i e n t e d ,  read t h e  h o r i z o n t a l  s c a l e  

a t  t h e  c e n t e r  of the umbo and record  the  measurement i n  the 

appropr ia te  box. 

Ijieasurement ?3 (haximum d i s t ance  from the  v e n t r a l  edge t o  the  

?lane of t h e  h inge) :  With the  s h e l l  o r i en ted ,  f i n d  t h e  po in t  

on t h e  s h e l l  with the  h ighes t  value on the  v e r t i c a l  s c a l e .  

Record t h i s  value i n  the  appropr ia te  box, 

bstimated annu l i :  Count and record the  number of  major growth 

r i n g s  on t h e  e x t e r i o r  su r face  of the  s h e l l s ,  Choose c r i t e r i a  

such a s  c o n t i n u i t y  and r e l a t i v e  prominence of the  r i n g s ,  Ignore 

r e l a t i v e  d i s t ance  between the  r i n c s  a s  a c r i t e r i o n ;  be cons i s t en t .  





DATE TIME 

SPECIES LIVE DEAD 

SPECIMEN #+ M F 

TEMPERATURE SURFACE I BOTTOM 

um-noN 
SUBSTRATE 

LENGTH A D I WIDTH 0 E HEIGHT 

REMARKS 

D a t a  c a r d  for recording Field Information and macroscopic 

observations, 
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MiICROINCRElfU3I4T COUIITS O F  - L. s i l i q u o i d e a  COLLECTED AT STATION 3 

- 

S l i d e  IV~/F F i r s t  Second Third Date 

Increment Increment Increment Col lec ted  Comments 

A-001 IVI 

A-002 M 

A-003 P(i 

A-007 F 

A-008 M 

A-009 M 

A-010 M 

A-011. M 

A-012 F 

A-013 F 

A-014 l'd 

A-015 M 

A-016  l!i 

A-017 M 

A-018 M 

A-021 M 

A-022 F 

A-023 F 

A-024 F 

08/07/79 

n 

It 

23/07/79 

It  

It  

I t  

v* 

08/08/79 I n j u r e d  

I1 

tt 

#I 

l* 

t l  

I* 

17/08/79 

I1 

I1 

I1 



I* Les ion  

11 

I* Lesion 

26/11/79 
n 





APPENDIX C 

PREPARATIONS USED I N  M B  PROCEDURES 

Form01 S a l i n e  So lu t ion  - This s o l u t i o n  i s  prepared from a mixture 

of 900 m l  d i s t i l l e d  water ,  100 m l  of 40 percen t  commercial 

formaldehyde concent ra te  and 9 gms of sodium c h l o r i d e .  

Talu id ine  Blue 0 S t a i n  - This  s o l u t i o n  i s  prepared from 200 m l  

d i s t i l l e d  water and 1 gm Toluidine Blue 0 powder (500 ~ ~ r n ) .  

A l i z a r i n  Red S S t a i n  - This s o l u t i o n  i s  prepared from 200 m l  

d i s t i l l e d  wa te r  and 1 gm A l i z a r i n  Red S powder (500 ~prn) .  

FLO-TEXX - This  is  a commercial mounting medium o r  l i q u i d  cover 

s l i p  manufactured by Lerner Labora to r i e s ,  Stamford, Connecticut. 

I t  con ta ins  a n  ox id iz ing  agent  t o  h e l p  prevent  s t a i n s  from 

fading .  

H i l l q u i s t  L a ~ i d a r y  Epoxies - These a r e  commercial epoxies  used 

f o r  mounting pe t rographic  specimens. The A/B combination was 

found s a t i s f a c t o r y  f o r  mounting t h e  uns ta ined  s h e l l ,  bu t  t h e  

C/D cover s l i p  mount ex t rac ted  t h e  s t a i n  from th,e t h i n  s e c t i o n s  

and d i f fused  it over t h e  e n t i r e  s e c t i o n .  



APPENDIX D 

GLOSSARY OF KEY TERMS 

Conchiolin - Alburninoid organic  matr ix  of a mollusc s h e l l  

Ectostracum - Pr i smat i c  o u t e r  l a y e r  of pa l l ios t r acum 

Endostracum - Innermost nacreous l a y e r  of a b iva lve  s h e l l  

Growth Line - Any l i n e  observable i n  t h e  i n f r a s t r u c t u r e  of a 

b iva lve  s h e l l  marking a n  i n t e r r u p t i o n  of continuous s h e l l  

depos i t ion  ( i . e .  d i u r n a l ,  annulus)  

Growth Ring - Najor line on t h e  e x t e r i o r  o f  a b iva lve  s h e l l  

be l ieved t o  r e p r e s e n t  a major event  i n  t h e  l i f e  of t h e  animal 

( i . e .  annulus)  

Hia tus  - Cessa t ion  of growth due t o  environmental ,  b i o l o g i c a l  

t raumatic  random events  
'r hlacroincrement - A major segment of the  i n f a s t r u c t u r e  of a 

b iva lve  s h e l l  bounded by major growth l i n e s  and which i s  

continuous throughout t h e  pa l l ios t racum;  be l i eved  t o  r e p r e s e n t  

some l a r g e  s c a l e  p e r i o d i c i t y  ( i . e .  annulus) 

Mantle - Integument t h a t  surrounds v i t a l  organs of a mollusc 

and s e c r e t e s  s h e l l  

Mesostracum - Nacreous inner  l a y e r  of pa l l ios t r acum 

Microincrement - The small s c a l e  segments i n  t h e  i n f r a s t r u c t u r e  

of a b iva lve  s h e l l ;  bounded by minor growth l i n e s  i n  t h e  
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pr i smat i c  l a y e r  of t h e  Unionidae and be l i eved  t o  r e p r e s e n t  a 

smal l  s c a l e  p e r i o d i c i t y  (i. e .  d i u r , m l )  

Myostracum - Deposits of the  p a l l i a l  l i n e  and adductor  muscles 

Nacreous - Type of  s h e l l  s t r u c t u r e  c o n s i s t i n g  of t h i n  t a b u l a r  

c r y s t a l s  of a r a g o n i t e  l y i n g  p a r a l l e l  t o  t h e  growth l i n e s .  

P a l l i a l  Line - Line o r  narrow band on i n t e r i o r  of va lve  c l o s e  

t o  margin and marking t h e  l i n e  of attachment of t h e  marginal  

muscles of t h e  mantle 

Pa l l ios t racum - Outermost l a y e r  of b iva lve  s h e l l  composed of 

p r i smat i c  ectostracum and nacreous mesostracum 

Periostracurn - Thin l a y e r  of horny m a t e r i a l  ( conch io l in )  

covering t h e  ca lcareous  e x t e r i o r  of a  b iva lve  s h e l l  

Pr i smat ic  Layer - Type of s h e l l  s t r u c t u r e  c o n s i s t i n g  of prisms 

of c a l c i t e  o r  a r a g o n i t e  perpendicular  t o  t h e  growth l i n e s  

Radia l  - D i r e c t i o n  of growth outward from t h e  beak (umbo) a t  

any poin t  on t h e  s h e l l  

Umbo - Region of va lve  surrounding po in t  of maximum curvature  of  - 
l o n g i t u d i n a l  d o r s a l  p r o f i l e  (synonymous wi th  t h e  beak i n  
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gTAT1STICAL VALUES FOR SAMPLES COLLECTED AT STATION 3 

FIRST INCREMENT COUNTS 

Standard Deviat ion 

Standard E r r o r  of t h e  Mean 

Sample s i z e  required f o r  confidence 

i n t e r v a l  $5, 95% confidence l i m i t .  
t 

Bracketed f i g u r e  ( )  f o r  -10 l i m i t .  

J u l y  8 n = 3 

X = 12.67 

sX= 5.13 

J u l y  23 n = 5 

= 13.2 

s,= 2.95 

Aug. 8 n = 6 

5i = 45.5 

s,= 17.42 



Aug. 17 n = 10 

= 56.3 

sx= 16.37 

Aug. 29 n = 7 

= 62.86 

sx= 29.95 

Sept .28 n = 8 

X = 74.75 

s,= 21.75 

Nov. 26 n = 6 

= 80.17 

s,= 7.52 
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