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Fisheries and Marine Service 

Data Reports 
These reports provide a nîedium for filing and archiving data compilations 

where little or no arîalysis is included. Such compilations commonly will have been 
prepared in support of other journal publications or reports. The subject matter of 
Data Reports reflects the broad interestsand policies of the Fisheries and Marine 
Service, nanîely, fisheries management, technology and development, ocean 
sciences and aquatic environments relevant to Canada. 

Numbers 1-25 in this series were issued as Fisheries and Marine Service Data 
Records by the Pacific Biological Station, Nanaimo, B.C. The series name was 
changed with report number 26. 

Data Reports are not intended for general distribution and the contents must 
not be referred to in other piiblications without prior written clearance from the 
issuing establishment. The correct citation appears above the abstract of each 
report. 

Service des pêches et des sciences de la mer 
Rapports statistiques 

Ces rapports servent de base à la compilation des données de classement et 
d'archives pour lesquelles i l  y a peu ou point d'atialyse. Cette conipilation aura 
d'ordinaire été préparée pour appuyer d'autres p~iblications ou rapports. Les 
sujets des Rapports statistiques refletent la vaste gamme des intérêts et politiqiies 
du Service des pêches et de la mer, notamment gestion des pêches, techniques et 
développenîent, sciences océaniques et environnements aquatiques, au Canada. 

Les numéros 1-25 de cette série ont été publies à titre de Records statistiques, 
Service cles pêches et de la mer, par la Station biologique du Pacifique, Nanaimo 
(C.-B.). Le nom de la série a été tnociifie à partir du numero 26. 

Les Rapports statistiques ne sont pas préparés pour une vaste distribution et 
leur contenu ne doit pas être i~îentionné dans une publication sans autorisation 
écrite préalable de I'établissetiient auteur, Le titre exact paraît au haut du résumé de 
chaque rapport. 
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ABSTRACT 

Percy, J .  A. and J .  Wa1 bridge. 1978. Seasonal changes i n  organic 
composition and ca lor ic  value of an a r c t i c  marine amphipod, 
Onisimus (=  Boeckosimus) affinis. Fish. Mar. Serv. Data 
Rep. 46: 28 p. 

This report  contains data on seasonal changes in gross biochemical 
composition and ca lor ic  value of the benthic marine amphipod &zisinrus 
affinis. The samples were collected in the Eskimo Lakes, adjacent to  
the Mackenzie Delta i n  the Northweçt Terr i tor ies .  Changes in ash, 
protein, l i p id ,  earbohydrate and chi t in  content were examined. Results 
a re  expressed both i n  terms of percent dry t i s sue  weight and as dry weight 
per "standard" 10 mm animal. Regression equations relat ing head length 
to  body length and body length to  dry weight and ash-free dry weight a re  
al  so presenéed. 

Key words: Wrctic, biochemical composition, amphipod, calor ic  value, 
Onisimus affinis , season. 

Percy, J .  W .  and J. Walbridge. 1978. Seasonal changes i n  organic 
compositfon and ca lor ic  value of an a r c t i c  marine amphipod, 
Onisimus (=  Boeckosimus) affinis. Fisk. Mar.  Serv. Data 
Rep. 46: 28 p.  

Ce rapport contient les  données du su je t  des variations saisonnières 
de la composition biochimique e t  Sa valeur calor if ique de l'amphipode 
benthique marin, Onisims affinis. Les echantillons ont étt5 obtenues des 
"Lacs Eskirno", près d u  Del ta du  Mackenzie dans l e s  Terr i toires  du Nord-Ouest. 
Les variallons au quant i té  de cendre, de protéine, de 1 ipide, d'hydrate de 
carbone e t  de chi t ine furent  examines. Les r é su l t a t s  sont exprimés comme 
pourcentage du poids sec du  t i s su  e t  aussi comme poids sec d ' u n  animal 
"Taille courante" de IO mm. Les equations de r6gressisns de l a  longueur 
de l a  t ê t e  i la  longueur du corps e t  l a  longueur du corps au poids sec e t  
au poids sec sans cendre sont aussi pr6çentges. 



length.  This length i s  close t o  mid point  of the animal 's  s i z e  range, i s  
usually the rr~ost abundant s i z e  group in the  population, and i s  the 
approximate s i z e  a t  whi ch the animals become adul t s .  To permit computat-ions 
of regressions of weighi of biochemical component on body length ,  the t o t a l  
iengths and dry wei ghts of the animals were measured before ana lys i s ,  
Where i t  proved necessary to  pool animals t o  provide adequate samples only 
animals of a s i in i iar  length were combined. As wide a range of animal 
lenaths  as were avai lable  were examined in each seasonal group. The regression 
eqiiation of the logarithni of the weight of each biocheniical component per 
aniiiial on the logarithiii of t o t a l  body length was calculated f o r  each sampling 
period. From these equations the equivalent  weights of each component in 
a 10 iiiiii "standard" aninial were determined, In addit ion the  regression of 
the  logarithni of dry body weight on the  logarithm of body length was 
calcula ted f o r  each sampling period and from t h i s  the seasonal va r ia t ions  
in the dry weight of a "standard" animal were determined. 

BIOCHEMICAL ANALYSES 

Chi t i n  

Chi t i n  was deterniined only once during the winter (February) and 
again during the summer (August) using a method s imi la r  t o  t h a t  of 
Ranistedt (1974).  Ten to  12 dried animals were f ine ly  pulverized in 
a Wig-1-bug amalgamator (Crescent Dental Mfg. Co. ,  Chicago, I l  1 .  ) 
fo r  30 seconds. Samples of 53-90 mg of  the  powdered material were 
redried a t  60°C and welghed. The sarnples were t ransferred t o  cen t r i fuge  
tubes and 8 ml of IN HC1 was added. The tubes were placed In bojl ing 
water fo r  5 niinutes and then cooled and centrifuged a t  400 g f o r  10 
illinutes. The precipi  t a t e  was washed wi t h  5 ml of d i s t i l l e d  water and 
acjaiin centr-ifuqed. 8 ni1 of 431 NaOH was added and the tubes p'laced in 
a boi1.ing water bath fo r  30 ririnutes. The precipi  ta-te was washed w i t h  
d i s t i l l e d  water and then with 8 ni1 absolute methanol and f i n a l l y  with 
t3 1111 of ch1 oroforrn-methanol ( 2 :  1 )  , cen t r i  fuging and decanting be-tween 
each s t ep .  The material was then t rans fe r red  to  a tared crucible  and 
dried a t  60°C and weighed. The residue was then ashed a t  550°C f o r  12  
hours, cooled and weighed. The loss  of weight during ashing was 
a t t r i bu t ed  t o  pure c h i t i n .  

Individudls of known length were dried a t  60°C, weighed and ashed 
a t  550°C f o r  3.2 hours and reweigheci. 

Carbohydrate 

Total carbohydrate was determined spectrophotometrical ly w i  t h  
anthronc reatlcjnt fol  lowing digest ion i n  t r i ch loace t i c  ac id .  Ten mg 
o f  oroutid d r y  t i ssue  ( 1 - 2  cinir~idls) was di gested in 10:' TC!, in a boi l ing 
w(t t t7 \ -  b a t i l  f o r  1 hoiir. The saniple was centrifuged a t  400 g and the 
s i i l ~ c r i i L i t d l i i  ,triti 1 ririses were trdns ferred 10 a 10 1111 volumetrj c f l a sk  



and made u p  t o  volunie with d i s t i l l e d  water .  D u p l  i c a t e  2-4 1111 subsar?iples 
were t rans fe r red  t o  t e s t  tubes.  A d i s t i l l e d  water blank and a glucose 
standard (100 ug/~ril) were r u n  with each s e r i e s  of sariiples. Ten in1 of 
anthrone reagent was added t o  each tube with a f a s t  flow p ipe t .  The 
covered tubes were placed in a boil ing water bath f o r  exactly 10 minutes. 
The tubes were then cooled in an i ce  bath and the opt ica l  densi ty  of 
the sample measured a t  620 m u .  Results a r e  expressed in terms of glucose 
equivalents .  

Lipid 

To ta1 1 i p id  was deterrnlned gravinietrical ly  fo l  1 owing niicrosoxhlet 
ex t rac t ion .  Ground saniples of 50-100 mg dry weight (5-10 anirnals) were 
cxtracted wi t h  12 in1 of chloroforni-methanol ( 2 :  1)  in a microsoxhlet 
ex t rac to r  f o r  6-8  hours. The solvent  was t rans fe r red  t o  a weighing 
vesse1 with r ins ing  and evaporated a t  60°C to  constant  weight. The 
residue was cooled in a dess ica to r  and weighed. 

Protein 

Total nl trogen was determined by microkjeldahl analys is  e s s e n t i a l l y  
as out l ined in Barnes (1959). Dried ground samples of approximateiy 
50 mg ( 4 - 6  anirnals) were digested in bo i l ing  concentrated H,SO, with a 
small quant i ty  of c a t a ly s t  mixture and Hengar granules. The cooled 
digest ion mixture was t ransferred t o  a Markham s t i  I l  (Markham, 1942) 
and t rea ted  with 2 ml of 40% Na OH.  The ammonia was d i s t i l  led o f f  and 
col lec ted in a 4% boric acid so lu t ion .  The ammonia was t i t r a t e d  with 
0.02 N HC1 using a mixed methyl-red, methylene blue ind ica to r ,  Protein 
was estinlatecl by mu1 t ip ly ing  the t o t a l  ni trogen content by 6.25. 

The c,tloric content of  pet  l e t i z ed  10-20 nlg sailrples was detei-iriined 
\\iiLi.i d f )h i l l ipson riiicro bonib calorinietcr.. Detai ls  of the basic inethod 
are given in Prus (1975).  



INTRODUCTION 

In studying the bioenerget ics  of a species i t  i s  useful t o  know 
something about the r e l a t i v e  organic composition of the  organism during 
d i f f e r en t  stages of i  t s  l i f e  cycle and a t  d i f f e r e n t  times of the  year .  
The gross biochemical composi t ion  of many marine inver tebra tes  has been 
determined and in many ins tances  has been shown t o  change markedly with 
season as the animal f i r s t  s t o r e s  and l a t e r  u t i l i z e s  nu t r i  t ional  reserves.  
The niajority of such s tud ies  have been carr ied  out on temperate species 
a l  though recently a number o f  an t a r c t i c  species have been examined. 
Few such s tud ies  have been conducted in the Arct ic .  

Studies of energy s to rage  and u t l l i z a t i o n  in polar  niai-ine organisms 
a re  of pa r t i cu l a r  in - te res t  because of the very pronounced seasonal i ty  of 
priniary production in these  areas .  The duration of primary production 
i s  extremely abbreviated and energy input i n to  the ecosystern occurs as 
widely spaced r e l a t i  veiy in tense  pu1 ses .  However, the subsequent cycl ing 
of t h i s  captured energy within the ecosystem i s  spread over the  whole 
yea r .  One would an t i c i p a t e  t h a t  herbivorous zooplankton specles would 
be par t i cu la r ly  suscept ib le  t o  the pronounced seasonal changes in food 
availabi  l i  ty.  Lee (1974) has shown t h a t  herbivorous copepods in the 
Arctic s t o r e  l i p id s  during the  season of maximum primary production and 
then u t i i i z e  therri during the ensuing winter .  Carnivorous copepods in 
polar regions have been shown t o  exh ib i t  a s imi la r  seasonal f luctuat ion in 
nutr i  t i  onal reserves ( i i  t t l  epage , 1964; Lee et CL. , 1972)- 

ILi t t l e  inforriiati on i s  ava i l ab le  concerning seasonal va r ia t ions  in 
oryanic coinposi t ion  of benthic organisms in the Arct ic .  Many of these 
are  sedirilent feeders ,  carnivores o r  omnivorous scavengers and are  thus 
n o t  d i r e c t l y  dependent upon the annual phytoplankton bloom. I t  i s  not 
ye t  c l e a r  whether such specles  a r e  able t o  procure s u f f i c i e n t  food 
coritinuously throughout the  yea r ,  o r  are a l so  forced to  re ly  upon an 
organic storage s t ra tegy  t o  t i d e  them over the long winter .  In addi t ion ,  
many of these species spend a considerable aniount of energy synthesizing 
reproductive products duri ng the l a t e  winter when primary production i s  
s t i  l l  ;-riinlinal . 

I n  t h i s  study we have exdniined seasonal changes in the gross 
biocheniical composition and cd lo r i c  value of a benthic marine amphipod 

. . ; - ~ O C C : < Ç C J  - -- - - : -- , , ? i i ~ )  - ='/ ': Hansen, from the i nshore waters of the 
bou-cliern Beaufort Sea. iheepresen t  repor t  serves as  a reposi tory  fo r  the 
i-riorphometri c ,  biochern~cal dnd ci i iorimetric data obtainea during the çtudy. 



METHODS 

C O L L E C T I N G  S ITE 

Animais were col lec ted i n  about 20 meters of water a t  a  s i t e  
adjacent  t o  the Arctic Biological Sta t ion f i e l d  laboratory near the 
entrance t o  the Eskinio iakes [Sta t ion 507 of Wacasey (1974);  
6g025'N, 131°16'W 1 .  A b r i e f  descr ip t ion of the co l l e c t i ng  s i t e  i s  
presented in Percy, 1975. 

COLLECTION O F  SAMPL ES 

Animals were caught in mirinow t raps  1 ined with firie nylon screen 
and baited with f ï s h ,  Traps were s e t  on the bottom in 20 rneters of water. 
Both summer and winter  samples were collected a t  the same s i t e ,  the l a t t e r  
through about 2 meters of i c e .  Animals were transported rapidly t o  the 
laboratory in seawater in insu1 ated containers.  There they were usual ly 
held fo r  a few hours without food a t  a Iow temperature and then rinsed in 
d i s t i l l e d  water to  remove s a l t s  and dried a t  60°C f o r  24  hours. The dried 
sarnples were placed in smail stoppered v ia l s  and s tored frozen un t i l  
ana lyzed . 
DETERMI NAT1 ON OF LENGTH-WEIGHT RELATIONSH IPS  

Subsamples, including anirnals of the g rea tes t  ava i l ab le  s ï z e  range, 
were taken from a summer (August) and a winter (February) sample f o r  a 
deterniinati on of length-weï ght re l  at ionshi  ps. Because the  anima1 nornial ly 
assumes a curled posit ion i t  -is d i f - f i cu l t  t o  measure t o t a l  body length.  
For t h i s  reason the re la t ïonsh ip  between head length (which can be 
readi ly  nieasured on a l i n e a r  s c a l e )  and body length was exainined. The 
anirnals were f i r s t  sexed and the head length measured with an ocular  
micronieter of a d i s sec t ing  microscope. Total body length (froni t i p  of 
rostru~ri t o  end of te lson)  was r -~a su red  using an upright  projector  of the 
type designed fo r  reading fisti  s c a l e s .  The length of the magnifieci image 
was measured with a f l e x i b l e  r u l e r .  The anirnals were then dr ied  a t  60°C 
f o r  24 hours, cooled in a de s s i ca to r  and weighed. They were then ashed 
a t  550°C in a muffle furnace fo r  approximately 12 hours and reweighed. 
Regressions O-F t o t a l  body length on head length,  dry weight on t o t a l  body 
length and ash f ree  dry welght on t o t a l  body length were cal cula ted.  

The r e l a t i ve  biochenii cal cornposi -t-ion of animals may Vary considerably 
w i t h  age ( s i z e ) .  Furthermore seasonal changes in body wei g h t  (independent 
of length changes) ciay occur as the animal s to res  and u t i l i z e s  nu t r i t iona l  
reserves.  The ava i l ab i l i  ty of pa r t i cu l a r  s i z e  groupsof the species may 
v~lry diiriti~i t.he YCFIT. f!ach of these factors  make i t  d i f f i c u l t  to compare 
Liic i . e?  . i  i.i \!c h iocki(?ini cal coiiiposi t-i on of an organisni during di f f e r en t  
S C ? ~ ~ S O : ~ S .  : ii o\/c>i.'~:oii;? tliesc cil  f f i  cul t i e s  tfie ainounts of the  various conlponents 
~>rii es~:ï~er.!,,id i i ~ L I i  (3s i; pclV' I centage of t o t a l  dry t i s sue  weight and as an 
c i i j ~ ~ - l i i  i.il ciiiioi~rii; ( d r y  Wei g i i t )  estiiiiated fo r  a "standard" animal of 10 mm in 
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of I : i i i i l  , / dur1 ng surrurier (Auqust 15) ;ind wintcr  
( I ~ b r u a r y  28). 

Si ze 
Season Se x N range ( m m )  a  b '  S.E .R . "  S.E.E. 3 r  

---W.. -- - - - - -- .. - - - - - --- 
Summe r  Ma 1 e  2 9 11.1-16.6 -0.46 1.30 0.32 0.08 0.62 

Femal e  144 9.1-20.0 -1.94 2.54 0.07 O. 10 O. 95 
Juvenile 39 3.5-10.9 -2.17 2.78 0.12 O. 10 0.97 
Combined 212 3.5-20.0 -2.11 2.71 0.05 O. 10 O. 97 

Winter Md 1 e  33 11.6-16.3 -1.41 2.09 0.24 0.05 0.85 
Fema 1 e  4 2 9.5-16.9 -1.88 2.53 0.19 0.07 O. 91 

Juveni l e  18 7.0-10.9 -2.73 3.35 0.25 O. 07 0.96 
Combined 93 7.0-16.9 -2.23 2.83 0.08 O. 07 0.96 

- _ . - _  - _ _  ---__ _ _ _ -  _-- - - - - - - -  ---- 

lcoeff i  c ien t s  of  the regression equation:  
log dry weight (mg) = a  + b log (body lcngth ,  m m )  

"standard e r r o r  of the regression coe f f i c i en t .  

% tandard e r r o r  of es t imate.  

r. c oe f f i c i en t  o f  cor re la t i an .  

Table 2 .  Regression of log ash f r e e  dry weight (mg)  on log body length ( m m )  
during summer (15.8.73) and winter  28.2.75). 
Synibols as in Table 1. 

Size 
Season N range ( m m )  a  b S . E . R .  S.E.E. r  

- - - - - -- - - - - - - -- - -- - 
S uiliiiie r  2 16 3.5-20. O -2.33 2.80 0.05 0.12 0.96 

Win t e r  9 8 7.0-16.9 -2.42 2.87 O. 10 0.09 0.94 
-- . - - . - - . - - - - - - 



Table  3. Reqress ion  . . o f  l o g  body l e n g t h  (mrri) on l o q  hedd l e n q t h  (riiiii) 
o f  ( / l e  l i . '  l . ' j ' ' / ~ i ~ .  ( c o l l e c t e d  28.2 .75) .  Symbols as i n  Tab le  1. 

S i  ze 
N range (mm) a b S.E.R. S.E.E. r 

. . 
Tab le  4. Chi t i n  c o n t e n t  o f  c h f i  .:~i>!~,i:' c , J ' j ' ' i i l i , :  d u r i n g  surrrrirer (9 .8 .75 )  and 

w i n t e r  ( 2 6 . 2 . 7 6 ) .  

-- S umn~e r - -- 

Tissue  C t i i  t i n  
w t  (mg) w t  (mg) % c h i t i n  

-- W i n t e r  -- 

T issue  Chi ti n 
w t  (mg) w t  (mg) iI c h i t i n  

S . U .  = 0.2 S.D. - 0.2 



. . . .. , 

T a b l e  5. Seasonal  v a r i a t i o n  i n  ash c o n t e n t  o f  O i t  , . ~ ~ ' ~ i . ~  - .  1 1  l / . ,  exp ressed  
as percent -dge o f  d r y  body w e i g h t .  

S i  ze 
Da t e  N range  (mm) %As h  S . C e 1  Max. Min.  C . V . )  

- - - -  ---- --- 

2.3.74 15 10.5-15.1 25.9 2.5 30.0 21.5 9.6 
25.5.74 18 8.3-14.2 21.3 1.4 23.6 18.9 6.4 
20.7.74 18 5.3-13.3 26.1 3.1 29.5 17.9 11.8 
1.8.74 18 9.5-15.0 27.2 2.0 30.5 23.0 7.3 
27.8.74 18 8.8-14.1 25.3 2.0 29.3 22.6 7.8 
28.2.75 18 9.2-17.4 26.1 2.7 31.0 20.9 10.2 
7.5.75 18* 10.7-16.0 23.9 2.1 27.9 20.4 8.6 
7.5.75 18 11.4-16.3 25.9 2.1 30.2 22.5 8.1 
15.6.75 18 11.1-16.8 23.1 2.3 28.7 20.2 9.8 
11.7.75 18 8.7-12.7 25.3 2.3 29.6 21.5 9.3 
9.8.75 18 8.1-13.2 25.7 2.4 30.5 20.8 9.3 
26.2.76 18 10.3-15.5 27.2 2.1 29.8 21.8 7.8 
- - - - . - - - --- - - - - - - -- - -- -- - - - -- 

*Grav i  d  fenial es 

' s t a n d a r d  d e v i a  t i o n  



Table 6 .  Seasonal  . * .  . v a r i a t i o n  in  t o t a l  c a rbohyd ra t e  c o n t e n t  of  ' : 
' .  -, .; expressed  a s  a  pe r cen t age  o f  d r y  body weigh t .  Symbols 
as in Table 5 .  

S i  ze  % 
range (mm) Carbohydrate  S.  D. Max. Min.  C . V  



expressed as a percentage o f  dry body weight. Syrnbols as i n  
Table 5 .  

S i  ze 
Da t e  N range (mm) % Lipid S .D.  Max. Min. C .  V .  

*Gravicl fernales 



i a b l e  8. Seasonal v a r i a t i o n  i n  p r o t e i n  con ten t  o f  ci, .; ' 1 ,  .: , 
. - ,  1 , ,. 

exp re i sed  as a  percentage o f  d r y  body wei g n t .  ~ y i i i b o i s  as 
i n  Table  5.  

S i  ze 
Da t e  N range (mm) % P r o t e i n  S.D.  Max. Min.  V 

*Grav i  d femal es 



Table  9 .  Suiiiiiiary o f  seasot ia l  v a r i a t i o n  i i l  pcrcèti t  coiiipcisitioti o t  
. . . ;, . . .  . 

: ,: . . , ,<:;: , , ' ' ' .  . . . .  . . 

Pe rcen t  Compos i t i on 

Da t e  ~ h i t i n !  Ash Carbohydrate L ip id  P r o t e i  n To t a  1 
-- -. - 

15.8.73 - 8. 0 - 2.4 16.6 32.8 
31.8.73 8. O - 4.0 17.8 31.2 84.3 
2.3.74 8.0 21.3 2.3 20.9 31.8 - 

25.5.74 - 8-0 - 3.7 14. 0 34.4 

*Gravi d femal e s  

lmean o f  summer and w i  n t e r  va lue s .  



. , , . ,  . 
l ab ie  10. Seasonal vdriat ion in c a lo r i c  content  of . *  . . . . 

expresscd as callmg dry w t .  

Size  
Da t e  N range (mm) ca 1 /mg S.D. Max. Min.  C . V .  



Table Il. Seasonal  v a r i a t i o n  in dry  weight  o f  a  "s tandard"  10 I I ~ I I I  
1 . '  

< ,  I ,,' . . * ,  . - .  , . Sylnbols a s  i n  Table 1. 

S -i ze 
range (rni~i) a  b r S . E . E .  S.E .R .  

-- - .- -- -- - - - - - - - - - - 

2.15 0.89 0.06 O. 15 
2.15 0.96 0.05 O. 08 
2.00 0.84 0.09 O. 16 
2.99 0.97 0.05 0.09 
3.08 0.98 0.05 O. 12 
3.35 0.97 0.09 0.09 
2.92 0.97 0.07 0.08 
3.03 0,96 0.07 0.10 
2.43 0.93 0.07 O. 10 
3.01 0.94 0.06 O. 13 
2.88 0.97 0.04 0.07 
2.72 0.94 0.05 O. 13 
2.69 0.95 0.07 0.11 
2.87 0.97 0.06 O. 09 
2.99 0.98 0'05 O. 08 
2.71 0.95 0.06 O. 11 
.. - - - .  -. . . .- - - - - - - -  

Dry 
w t .  (r11g) 

. . - - . - - - - - 

4.47 
4.68 
5.37 
7 .O8 
7.94 
6.17 
5.13 
6 .O3 
5.01 
5.89 
4.27 
5.01 
4.57 
6.76 
6.46 
4.47 

. - . - . - - -  - 

"Gravi d ferriales 



Table 12. Seasonal v a r i a t i o n  in ash con ten t  of  a " s t a n d a r d "  10 mm 
r i .  j .  Symbol s as in Table  1. 

S i z e  
Da t e  i\d range (mm) a b r S.E,E. S.E.R.  mg ash 

- 

2.3.74 15 10.5-15.1 -1.55 1.74 0.75 0.06 0.43 1.55 
25.5.74 18 8.3-14.2 -2.51 2-72 0.99 0.03 O. 09 1.62 
20.7-74 18 5.3-13.3 -2.40 2.53 0.95 0.08 O. 21 1.35 
1.8.74 18 9.5-15.0 -2.58 2.65 0.93 0.06 0.26 1.17 
27.8.74 18 8.8-14.1 -3.51 3.68 0.97 0.06 O. 24 1.48 
28.2.75 18 9.2-17.4 -2.69 2.72 0.97 0.06 O. 17 1 .O7 
7.5.75 18" 10.7-16.0 -1.97 2.19 0.91 0.05 0.25 1.66 
7.5.75 18 11.4-16.3 -2.22 2.31 0.81 0.07 O. 42 1.23 
15.6.75 18 11.1-16.8 -2.82 2.79 0.94 0.06 O, 26 O. 93 
11.7,75 18 8-7-12.7 -2.33 2.57 0.97 0.04 O. 17 1.74 
9.8.75 18 8.1-13.2 -2.75 2.95 0.95 0.06 0.25 1.58 
26.2.76 18 10.3-15.5 -2.06 2.18 0.97 0.03 O. 13 1.32 

--- PI_---__------__- 

*Gravid females 



Table  13. Scdsonal v a r i a t ~ o r i  l n  . . t o t a l  c a r b o h y d r a t e  c o n t e n t  o f  a  
" s t a n d a r d "  10 iiiiii 1 ' 1  . '  1 '  l. i"i' . ': ( e x p r e s s e d  a s  q l u c o s e  
e q u i v a l e n t s ) .  Symbols as i n  Table  1. 

S i z e  
Pa t e  N range (mm) a 

15.8.73 19 
31.8.73 20 
2.3.74 30 
25.5.74 18 
2.7.74 20 
20.7.74 20 
1.8.74 20 
27.8.74 19 
28.2.75 16 
7.5.75 17* 
7.5.75 18 
15.6.75 18" 
15.6.75 18 
11.7.75 18 
9.8.75 18 
26.2.76 18 

- . - - - - - - - - - - 

*Gravid females  

u 
b r S.E.E. S.E.R. g lucose  

--- -----..--A-.----.------- 

-0.10 -0.03 0.19 0.84 194.9 
2.04 0.90 0.09 O. 24 190.6 
2.10 0.53 0.25 O. 63 102.3 
2.52 0.88 0.14 O. 34 245.5 
3.51 0.83 0.21 0.55 229.1 
3.31 0.90 0.20 0.38 169.8 
3.40 0.92 O. 17 O. 35 173.8 
2.74 0.85 0.15 0.41 190.6 
0.75 0.26 0.24 O. 74 95.5 
3.31 0.80 0.15 O. 65 147.9 
2.65 O 57 0.37 0,95 79.4 
1.34 0.28 0.14 1.16 25 1.2 
3.79 0.88 0.15 O. 52 144.6 
2.71 0.75 0.19 0.61 239.9 
2.40 0.73 0.19 O. 56 158.5 
2.49 0.83 0.16 O. 42 89.1 

- - - - -  - - 



Table  14. S e a s o n a l  v a r i a t i o n  i n  t o t a l  l i p i d  c o n t e n t  of  a  " s t a n d a r d "  
10  mm I!I,;,:;,I: 12~yy,-::'. Symbol s a s  i n  T a b l e  1. 

S i  ze 
Da t e  N range  ( m m )  a  b r S . E . E .  S . E . R .  

rn g 
1 i p i d  



T a b l e  1 5 .  S e a s o n a l  v a r i a t i o n  i n  p r o t e i n  c o n t e n t  o f  a  " s t a n d a r d "  
1 0  mn , + ,  , . . . Sy~i ibols  a s  i n  T a b l e  1. 

S i  z e  n'Y 
Da t e  N r a n g e  ( m m )  a b  r S . E . E .  S . E . R .  p r o t e i n  
- - -. .- -- - ----- - 

*Gravi  d  femal  e s  



Table 16.  Suiii!iiary o f  s e a s o n a l  v a r i a t i o n  in  d r y  weigk i t  coriiposi t i o n  o f  
a  s t n d r d  10 m , , Sy!nbols a s  i n  Tab le  1. 

Composi t i o n  (mg/animal ) 

W t .  o f  
T o t a l  " s t a n d a r d "  

Da t e  C h i t i n l  Ash Carbohydra te  L i p i d  P r o t e i n  w t .  animal 

' e s  t i m a t e d  from p e r c e n t  compos i t ion  and wei  g h t  o f  
" s t a n d a r d "  animal . 



Table  1 7 .  Seasonal  v a r i a t i o n  in c a l o r i c  c o n t e i ~ t  o f  a  " s t a n d a r d "  10 r l n n  
1 ' > .  

t r  ) . ' : .  - Symbols a s  i n  Table  1. 

S i  ze 
Date N r ange  (mm) a b r S.E.E.  S .E .R.  Cal .  



MALE 

o FEMALE 

JUVENILE 

BODY LENGPH (mm) 

1 i c i i i ~ . ~  1 . KI. 1 ( i  t. i o t i s i i  i 1) bet\veei.i d r y  we i  $1 t (nig) a n d  body 1 e n g t h  (mm) 
f o r  ilia le  , fc i i i i t l  e a n d  j u v e n i  1 e i7+i*:sL'r,?ri:s 2 W u  l ) - ? ? i n : ~  c o l  l e c t e d  
d i i r i  i iq  t h c  siliiiiiier ( 31. 8. 7 3 )  . 



W = 0.006~' 

i' = 0.960 

e MALE 

o FEMALE 

JUVENILE 

4 ,  l I I l I I  
5 6 7 8 9 1 0  15 

BODY LENGTH (mm) 

~ - i k i i i i . ~~  LI. ?èla t ions t i ip  between dry weight ( m g )  and body length (rr:rri) 
n - . .  . to r- !lia1 e , fenia 1 e  and j uveni 1 e i~<a:;-;,:: 2: - - ,,LX,?,.,; col 1 e c t i d  

dui-inci ttie wi n-Lei- ( 2 8 . 2 ,  7 5 ) .  
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Figure 3. Seasonal changes in percent composition and calorie value I 

of ûnisimus affinis. 
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Figure 4. Seasonal changes in  biochemi ca l  composition, t o t a l  dry wei gh t 
and c a l o r i c  value of a  "s tandard"  10 mm ûnisirnus affinis. 
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