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ABSTRACT: The effects of formaldehyde preservation on biometrical characters, biom ass and bio
chem ical com position of the marine copepod Acartia clausi w ere studied using the relevant values 
oí fresh unpreserved animals as reference. Acartia  were collected in the southern parts of Saronicos 
Gulf in early May (16.5 °C) and late June (21 "C). Formalin w as found to cause significant shrinkage  
of céphalothorax length, abdom en length and total length. The sex of individuáis, as w ell as the tem 
perature of seawater at the time of collection seem  to influence dim ensional losses. Fem ales and ani
mals collected at 16.5 "C presented heavier losses. Dry w eight is drastically reduced after formalde
hyde preservation. Final losses are more severe for fem ales and animals collected at 21 °C. Two of 
the m easured biochem ical constituents, carbohydrates and neutral lipids, seem  to be unaffected by 
formaldehyde. DNA and RNA although initially affected seem  to be stabilized towards the end of 
the experim ental period (30 days). The other biochem ical parameters, viz proteins, total lipids and 
sugars, are profoundly affected by preservation.

INTRODUCTION

Studies on the grow th, en ergetics  and production of m arine planktic anim als require  
precise m easu rem en ts of dry w e ig h t and chem ical com position . Dry w e ig h t is w id e ly  
used  as a m easure of b iom ass for zoop lank tic  organism s. Taxonom ic, m orpholog ica l and  
eco lo g ica l stu d ies also include d im en sion a l and  b iom ass param eters. R ecently, the a s
sum ption  has ev o lv ed  that size  per se  in flu en ces the form and function of organism s from  
p h ysio logy  and functional m orphology to eco log ica l characters. A s a result, the fie ld  of 
sca ling , the study of the in flu en ce  of body size  on form and function, has b eco m e a pro
m inent focus in eco lo g y  and evolutionary biology, em p h asiz in g  the n e e d  for biom etrical 
m easu rem en ts (La Barbera, 1989).

T he k n o w led g e  of b iochem ical com position  is im portant w h en  quantify in g  transfor
m ation p rocesses of Z ooplankton through p e la g ic  food w eb s. It also p rovid es the infor
m ation n ecessary  for eva lu a tin g  b ioen ergetic  relationships, w hich  m ay b e k ey  factors in  
the evolution  of d ifferent life strateg ies. Q uantitative analysis of RNA has b e e n  u sed  to 
estim ate grow th rates (Sutcliffe, 1970; Barnstedt & Skjoldal, 1980).

Ideally, any biom etrical m easurem en t, b iom ass estim ation  and b ioch em ica l analysis  
of Zooplankton should  be b ased  on  fresh, unpreserved  m aterial. H ow ever, in  the m arine
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field  an im m ediate sorting of sam pled  m aterial, as w ell as any su b seq u en t p rocess  are a l
m ost im possib le. Thus, biom etrical, b iom ass and b iochem ical param eters are m ostly  d e 
term ined from preserved  planktic organism s. C hem ical preservation  is con sid ered  the 
m ost su itable b eca u se  it can be u sed  con ven ien tly  in the field  w ithout tech n ica l d ev ices . 
H ow ever, com parative stud ies h ave sh ow n  that fixation w ith  form aldehyde, the m ost 
com m only used  preservative, gen era lly  results in an alteration of the m easu red  p aram e
ters e .g . loss of w eigh t (see G iguere et al., 1989 for a rev iew  of literature).

In this study w e  attem pt to find out h ow  preservation  in form aldehyde, the m ost w i
d e ly  used  p lankton  preservation  m ethod , a ffects d im en sional characters, b iom ass e sti
m ation  and b iochem ical com position  of Zooplankton. Thus, w e  h ave perform ed com p a
rative m easurem ents of b iom etrical characters (céphalothorax length , ab d om en  length , 
total length), b iom ass (dry w eigh t) and b ioch em ical com position  (lipids, proteins, sugars, 
carbohydrates, RNA, DNA) of u np reserved  and  of F orm alin-preserved sp ec im en s of the 
cop ep od  A cartia  clausi.

MATERIAL A N D  M ETH ODS

Z ooplankton sam pling w as perform ed by horizontal hau ls u sin g  a W P2 n et in the 
south of Saronicos Gulf (A gios Kosm as area). Sam ples w ere co llec ted  in early  M ay and 
late June 1991 w h en  seaw ater  tem perature w as 16.5 "C and 21 °C, respectively .

T he plankton catch es w ere d iv ided  into tw o parts: one aliquot w as p reserved  in 4 % 
Form alin buffered  w ith borax (2g of borax to 98 ml of 40'Xi form aldehyd e accord in g  to 
UNESCO 's WG 23 formula (S teedm an,1976)]. T he other aliquot w as transferred a live to 
the laboratory and analysed  im m ediately. Fresh p lankton  w as narcotized  u sin g  M gCL. 
This procedure perm itted the sorting of m ature fem ales and m ales of A cartia  clausi. All 
sorted  A cartia  sp ec im en s w ere rinsed w ith  am m onium  form ate isoton ic  (0 .9  %) to se a 
w ater to rem ove seaw ater  salts.

A cartia  c lau si is a very com m on and eco lo g ica lly  im portant cop ep od  sp e c ie s  of Saro
n icos Gulf (M oraitou-A postolopoulou, 1971, 1974).

B iom etrica l m easurem en ts. T he fo llow in g  d im ension al characters of A ca rtia  w ere  
m easured  under a W ild M5 m icroscope eq u ip p ed  w ith a calibrated  m icrom eter ocular: 
céphalothorax len g th  (Lth.), abdom en  len g th  (Labd.) and total len gth  (Ltot.). For every  
d im en sion al character and for each  on e of the experim enta l conditions, 100 fem a les and  
100 m ales w ere  m easured. Two series of m easu rem en ts corresponding to th e  tw o sam 
p lin g  periods w ere  realized . B iom etrical m easu rem en ts w ere  perform ed on  fresh  non
preserved  A cartia  (0 days) and on A cartia  preserved  for varying periods (2, 4, 6, 8, 10, 12, 
14, 16, 32, 48, 64 and 80 days).

B iom ass estim ation . T he b iom ass of A cartia  w as estim ated  by ca lcu la tion  of the dry 
w eigh t, w hich  is the m ost reliable b iom ass index. M easurem en ts w ere rea lized  in fresh  
u npreserved  A cartia  and  in A cartia  preserved  for various periods, the sam e as for the b io
m etrical m easurem ents. H ere a lso tw o series of m easu rem en ts corresp on d in g  to the tw o  
sam p lin g  periods w ere perform ed.

Dry w eig h t w as estim ated  accord ing to the m ethod  of M azza (1964). 100 fem a les  and 
100 m ales w ere  u sed  for each  m easurem ent. A cartia  sp ec im en s w ere  dried on alum inium  
plan ch ets in an oven  at 60 °C for 24h until constant w e ig h t w as ach ieved . T he dried  sam 
p le s  w ere stored in desiccator cab in ets w ith  silica  g e l as d esiccant. T he co p ep o d s w ere  
th en  w e ig h ed  on a Sartorius b a lan ce (type 1801, accuracy: 0.1 m g).
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B io ch em ica l co m p osition . T he b iochem ical analysis of A cartia  w as perform ed using  
fem ales co llected  during May. M easu rem ents w ere carried out on fresh u n preserved  m a
terial (0-f) and in A cartia  preserved  for various periods, im m ediately  (0 + F) and 2, 10, 20 
and 30 days. Each sam p le for b iochem ical an alysis con sisted  of 500 m ature fem ales of 
A cartia  and  had  a dry w e ig h t of 5 -1 0  pg (w eigh ed  on a M ettler M3 m icroelectrobalance  
-  precision  0.1 pg).

All sam p les w ere  w ash ed  w ith an isoton ic solution  of am m onium  form ate (0.9 %) and  
put in Eppendorff p o ly e th y len e  reaction tubes. T hey  w ere then  lyoph ilised  and kept at
-4 0  UC.

As sam p les w ere  sm all w e  fo llow ed  the m icroanalytical sch em e for the d eterm in a
tion of proteins, total lipids, neutral lipids, carbohydrates, sugars, RNA and D N A , descri
bed by H olland & G abbot (1971) and m od ified  by H olland  & H annant (1973) by adding  
m the fractionation the neutral lipid and DNA.

For each  stu d ied  condition  one sam p le w as prepared. T he dried sam ple w as hom o
g en ised  w ith 500p l d istilled  and d e ion ised  w ater. T he total en d  product an a ly ses w ere  
carried out accord ing to H olland & H annant (1973). T h ese  w ere, in total, 20 for proteins, 
3 for total lipid and D N A , 2 for carbohydrates, sugars and neutral lipid and 6 for RNA. 
T he extinction  w as m easured  with a spectrophotom eter, after correction for the absor
b an ce at the appropriate reagen t blank.

T he concentration  w as estim ated  from the standard curves ca lcu lated  (linear regres
sion analysis) for each  m ethod. T h ese  cu rves are as fo llow s :

1. Lipid (Standard : tripalmitin)
Y = -6 .1 8 7  + 152.508X ; r = 0.83
2. Protein (Standard : A m m onium  sulphate)
Y = -1 0 9 .7 2  + 1026.3x ; r = 0.82
3. Total carbohydrates -  Sugars (Standard : G lucose)
Y = 10.45 -  143.71x  • r = 0.97
4. RNA (Standard : RNA yeast)
Y = -2 .1 1  + 67.02X • r = 0.99
5. D N A  (Standard : C alf thym us)
Y = -1 0 .43  + 97.42X ; r = 0.96

T he sign ifican ce of d ifferences in the biom etrical m easu rem ents and the b ioch em i
cal com position  w as tested  by the F-test. If F-ratio va lu es are h igher than Flu)5 (P < 0 .05 ), 
the variance am on g  the groups (non p reserved  or p reserved  for d ifferent periods) is 
h igh er than that w ith in  the groups (m easurem ents of various ind ividuals of the sam e con 
dition). For the com parison  of m eans am on g the m easu rem en ts tak en  at d ifferent pre
servation  periods, on e-w a y  analysis of variance w as perform ed (Tukey's m ethod) for each  
sex  and  sam pling  tem perature. T he 95 % Tukey H SD (honesty  sign ifican t d ifference) in 
tervals for m eans w ere  ca lcu lated  and  th e  h o m o g en eo u s groups w ere confirm ed by m ul
tip le range an alysis (Sokal & Rohlf, 1981).

T he m ain e ffects and  the interaction  of duration of preservation  and tem perature  
w ere  estim ated  by tw o-w ay  A NO VA  for each  sex  and  th ey  are sign ifican t if F > F 0.o5 
(P < 0.05).

T he statistical analysis w as carried out on a P.C., u sin g  Statgraphics statistical p ack 
age.
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RESULTS

T he m ean  va lu es of the m easured  b iom etrical characters of A cartia  c lau si and their 
evolution  during the 80 days of form aldehyd e preservation  are show n  in  F igure 1. A 
d ecrease  of all m easured  body d im en sion s w as n oticed  in anim als preserved  in Form a
lin. This d ecrea se  w as m ore im portant for the first tw o to four days. A fterw ards, a le ss  in 
ten se  and an irregular, i.e . fluctuating, reduction  of body d im en sion s tak es p lace . A sta 
bilization  seem s to occur in about the m id d le of the exp erim en ta l period, and  this stab i
lization tak es p lace  earlier for the an im als co llec ted  at 21 °C.

Table 1 presen ts the results of the o n e-w a y  analysis of variance and  th e  final p er
c en ta g e  of d im en sion al losses. In all ca se s  the va lu es of F-ratio are h igh er than F () 05 (12i 
1287) = 1-75. This m ean s that the variance am ong the groups is h igher than th e  variance  
b etw een  the groups. T he d ifferences are sign ifican t at P = 0 .0000  in all ca ses .

Table 1. Values of F-ratio com puted by one-w ay analysis of variance for the Lth., Labd. and Ltot. of 
fem ale and m ale Acartia clausi m easured for 13 different preservation times (df„„m =12) in groups 
of 100 individuals (dbi,,,,,,,,, = 1287). In all cases P = 0.0000; H.G. = number of hom ogeneous groups 
(Tukey's test); % Loss = % total length loss from the initial m easurem ent of fresh anim als till the 
m ean value oí the last hom ogeneous group of Formalin-preserved animals towards the end of the

experim ent

Temperature Sex Length F-ratio H.G. % Loss

Lth. 79.528 6 15.11
Female Labd. 133.753 6 30.20

Ltot. 123.441 6 13.99
16.5 "C

Lth. 63.615 8 8.96
Male Labd. 127.679 4 27.55

Ltot. 103.578 7 12.31

Lth. 70.229 7 11.37
Female Labd. 10.740 4 10.28

Ltot. 28.240 6 5.90
21 °C

Lth. 19.838 4 4.43
Male Labd. 6.513 3 7.19

Ltot. 17.358 5 4.93

A nim als co llec ted  at 16.5 °C p resen ted  a m ore pronoun ced  shrin kage of all bod y d i
m en sion s than those co llected  at 21 °C. Thus, a lthou gh  A cartia  ga th ered  at 16.5 °C had, 
accord ing to m easurem ents m ade on fresh  m aterial, h igher body d im en sion s, after som e  
days of Form alin preservation, A cartia  from both tem peratures p resen ted  sim ilar va lu es  
of body d im en sion a l characters. T he low er F-ratio va lu es n o ticed  for th e  an im a ls  co lle c 
ted  at 21 °C (ANO VA) resu lted  from th e low er lo sses  and th e  earlier stab ilization  of all 
m easured  d im en sions, for both se x e s  at this tem perature.

Furtherm ore, the sex  of ind iv idu als but a lso  th e  type of the m easu red  d im en sional 
character se e m  to in flu en ce d im en sion al lo sses. F em ales u sually  suffer m ore lo sse s  than  
m ales. This b eco m es particularly true for the abd om en  len g th  w h ich  is th e  biom etrical
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Fig. 1. Mean values and 95 % Tukey HSD intervals of Lth., Labd. and Ltot. (mm) of female and male 
Acartia clausi collected at two different temperatures, 16.5 °C and 21 °C, and measured fresh (0 days) 

and at 12 different preservation times: 2, 4, 6, 8, 10, 12, 14, 16, 32, 48, 64 and 80 days
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character p resen tin g  the heav ier  losses. T he F-ratio va lu es for fem ales A N O V A  are 
high er than those for m ales for all m easu red  d im ensions at both tem peratures.

Table 2 p resen ts the results of the tw o-w ay  analysis of variance for the e ffects of the  
tw o m ain  factors: duration of Form alin preservation  and tem perature of co llection . The 
m easu red  d im en sion s of both m ales and  fem ales differ sign ificantly  accord in g  to tem p e
rature (F > Fo.o5 (12, 257 4) = 3.84) and duration of Form alin preservation  (F > F0 05 (]2, 2574| = 
1.75). T he in teraction  of th ese  tw o factors is sign ifican t in all ca ses (F > Fo()5 (12, 2 5 7 4) = 1.75). 
Tem perature at the tim e of sam pling proved  to b e a m ore d ec is ive  factor than  duration of 
preservation  g iv in g  h igh er F-ratio v a lu es and affecting above all the ab d om en  length .

Table 2. Values of F-ratio com puted by tw o-w ay analysis of variance for the main effects of sp eci
men's preservation in Formalin for varying periods (13 groups of m easurem ents of each  dim ension, 
df = 12) and collection's temperature (2 temperatures 16.5 UC and 21 "C, df = 1) and their interactions 
(df = 12) in sam ples of 100 individuals (df residual = 2.574) separated for male and fem ale Acartia

clausi. In all cases P = 0.0000

Sex Length
Main effects 

Duration Temperature
Two factors 
interactions

Lth. 134.216 1000.00 19.651
Female Labd. 113.416 233.168 48.922

Ltot. 140.356 648.070 29.956

Lth. 70.840 332.827 17.693
Male Labd. 89.169 639.140 51.383

Ltot. 90.550 143.723 23.482

Figure 2 sh ow s the d ry-w eigh t va lu es of fresh, n on -p reserved  A cartia  and their 
evo lu tion  during the 80 days of Form alin preservation . T he dry w eig h t of both  fem ales  
and m ales is drastically redu ced  after form aldehyde preservation , dropping to about half 
its in itial va lu e  after tw o days of preservation . Thereafter, som e fluctuations occur. S tab i
lization  of dry w e ig h t tak es p lace  faster in the anim als co llected  at 21 °C. Final lo sses  
are h eav ier  for the fem ales (66.6 %) than for the m ales (50 %). A cartia  co llec ted  at 21 "C 
bear h eav ier  losses. H ere, also fem ales lose m ore (85.7% ) than m ales (71.42% ) and  
va lu es of dry w e ig h t presen t som e fluctuations till about the en d  of the exp erim en ta l 
period.

A N O V A  an alysis (Fig. 3) proved that the p ercen tage  d ry-w eigh t lo sses  during pre
servation  of fem a les and  m ales co llec ted  at both exam in ed  tem peratures sh o w  sign ifican t 
d ifferen ces (F (3 44) = 10.75 2, P = 0.0000).

F igure 4 illustrates the m ean  v a lu es of the m easu red  b ioch em ica l con stitu en ts of 
fem a les  of A cartia  and their evolu tion  after form aldehyde preservation , w h erea s Table 3 
g iv es  the results of o n e-w a y  analysis of variance for the ob served  variations. A ll b io ch e
m ical param eters seem  to b e affected  im m ed iate ly  by  Formalin. H ow ever, for tw o of 
them  -  carbohydrates and  neutral lip ids -  the variations ob served  p roved  to b e not s ig 
nificant (P > 0.05). T he D N A  content, a lthough  sign ifican tly  a ffected  in all m easu rem en ts  
till day 20, returns to its initial va lu e  w h e n  m easured  on day 30. T he RNA con ten t is also  
sign ifican tly  a ffected  im m ediately. H ow ever, the m easu rem en ts of days 10 and  30 show
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Fig. 2. Values of dry w eight per individual (pg) of fem ale and m ale Acartia clausi: fresh (0 days) and 
preserved in Formalin for 2, 4, 6, 8, 10, 12, 14, 16, 32, 48, 64 and 80 days, and collected at two 
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Fig. 3. M ean values and 95% Tukey HSD intervals of the percentage loss of dry w eight during 
Formalin preservation of male and fem ale Acartia clausi collected at two different temperatures,

16.5 °C and 21 °C
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Table 3. Values of F-ratio com puted by one-w ay analysis of variance for the biochem ical consti
tuents of fem ale Acartia clausi collected at 16.5 "C and analysed fresh and preserved in Formalin for

5 different time periods

F-ratio
D.

nom.
F.
denom. P H.G.

Com position
%

T. lipids 3.556 5 11 0.0371 2 10
N. lipids 2.479 4 4 0.2004 1 5
Proteins 103.279 5 123 0.0000 3 70
Sugars 13.571 5 15 0.0000 2 0.97
Carbohydrates 25.452 5 1 0.1473 1 1.47
DNA 4.713 5 12 0.0130 2 1.31
RNA 40.114 5 24 0.0000 3 2.94

va lu es in sign ifican tly  different from the initial va lu e , but in the m easu rem en t of day 20 a 
high er and sign ifican tly  different v a lu e  w as noticed .

For the other b iochem ical constituents, strong and  statistically  sign ifican t d ifferences  
(P < 0 .05 ) from the va lu es of non p reserved  an im als h ave b een  ob served  up to the en d  of 
the exp erim en ta l period. For sugars, a strong d ecrea se  w as noticed , w h ile  for total lipids 
and protein content, curiously, an im portant in crease  w as m easured.

D ISC U SSIO N

Results of the presen t study h ave sh ow n  that p lankton preservation  u sin g  Form alin  
ca u ses an alteration of alm ost all m easu red  biom etrical, b iom ass and b ioch em ica l para
m eters.

D uring fixation w ith  form aldehyde, body flu ids are either leach ed  from the cop ep od s, 
or are e x ch a n g ed  w ith the surrounding preservative  fluid. Formalin interacts a lso  w ith  
cellu lar constituents, resu lting in the form ation of n ew  su bstances. C h an ges in the course  
of this process could even tu ally  exp la in  the ob served  fluctuations of b iom etrical m ea su 
rem ents. T he u se  of 4 % form aldehyde solu tion  m ore than d ou b les the osm otic  pressure  
of seaw ater  (S teedm an, 1976; W illiam s & Robins, 1982), and the hyperosm otic  pressure  
cou ld  cau se  loss of body fluids.

A lterations m ay also derive from  the u se  of am m onium  form ate for rinsing, a lthough  
isoton ic am m onium  form ate w as u sed  w h ich  is ex p ec ted  to prevent lea ch in g  to the e x 
ternal fluid. A ccord ing  to Omori (1978), this proced ure has produced a w id e  ran ge of v a 
riation attributed to im purities in the rea g en ts  or to in com p lete  volatization  of am m onium  
form ate. Isotonic am m onium  form ate rinse resu lted  in  low er organic w e ig h t and  ch em i
cal con ten ts com pared  w ith sam p les r insed  w ith  filtered  seaw ater.

D ue to the different rinsing m eth od s u sed , th e  w eig h ts  of cop ep od s are u su a lly  u n 
d erestim ated  to a varying  d egree . A s this effec t is gen era lly  m ore p ronounced  in  u n p re
served  m aterial com pared w ith  fixed  m aterial, th e  loss of w eig h t due to fixation  ten d s to 
b e  u n d erestim ated  as w ell (Böttger & Schnack , 1986).

R esults p u b lish ed  on the p ossib le  ch a n g es  in cop ep od s len g th s ca u sed  by Form alin  
preservation  (Landry, 1978; Durbin & D urbin, 1978; W illiam s & Robins, 1982) sh o w  that 
this effect, if present, is minor. T herefore, ca lcu lations in the literature con cern in g  w e ig h t
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lo sses after Form alin preservation  (Durbin & Durbin, 1978; B öttger & S ch nack , 1986) have  
b een  b ased  on the assum ption  that the p rosom e len gth s are not a ffected  by  th e  fixation. 
H ow ever, our results h ave sh ow n  that all m easured  biom etrical characters, e v e n  th e  c é 
phalothorax len gth , m ay presen t sign ifican t reduction  after Form alin preservation .

Shrinkage of fish larvae d u e to Form alin fixation has b een  reported in  th e  literature 
(Lockwood & Daly, 1975; Schn ack  & R osenthal, 1978; Hay, 1981). A cartia  co llec ted  at 
16.5 °C p resen ted  h igh er p ercen ta g es of lo sses  for all m easured  b iom etrical characters 
com pared w ith A cartia  co llec ted  at 21 °C. T his could  be partly attributed to d ifferen ces  
cau sed  by the variations of environm enta l factors b etw een  the tw o sam plin g  periods. H ay
(1982) con clu d ed  that salin ity affects body shrin k age in herring larvae.

T he d im ensional d ifferen ces b e tw een  A cartia  co llected  at 16.5 °C and 21 °C is a w ell 
know n  phen om en on , and  there are pronou nced  season a l d ifferences in b od y  size  am ong  
m arine cop epods. L ength is in versely  correlated w ith am bien t tem perature (V ucetic, 
1965; M oraitou-A postolopoulou, 1969, 1975; R azouls & G uiness, 1973).

A substantia l am ount of variation ex ists in the literature concern ing  d ry -w e ig h t lo s
ses  of p lanktic anim als after Form alin preservation . After G igu ere et al. (1989), the p u 
b lished  estim ates of d ry-w eigh t loss due to chem ical preservation  ran ge w id e ly  (from 
9.0%  to 63.8 %). T he variation cou ld  be du e to d ifferences in the b ioch em ica l com p osi
tion of the organ ism s (sp ecies, body size , p h ysio log ica l condition) and/or m eth o d o lo g ica l 
differences (length  of preservation, concentration  or type of the preservative, buffering  
agen t, w eigh in g , drying or rinsing m ethod). S p ec ies-sp ec ific , sea so n -sp ec ific  and  sex- 
sp ecific  effects appear to be im portant. D ry-w eight losses are som ew h at s iz e -d ep en d en t, 
sm aller p lankton  losing  m ore.

From our results it is sh ow n  that d ifferen ces in  w eig h t lo ss are related  to the sex  of 
individuals, fem ales a lw ays lo s in g  m ore. This is in  accordance w ith p rev ious literature 
data (Durbin & D urbin, 1978; C ham palbert & Keram brun, 1979; W illiam s & R obins, 1982). 
T he previous life history also seem s to in flu en ce w eigh t loss, as anim als co llec ted  at 
21 °C suffer m uch h eav ier  lo sses  than those co llec ted  at 16.5 "C. T em perature a lso  seem s  
to be an outstand ing  factor controlling w e ig h t losses.

V alues of d ry-w eigh t lo sses  noticed  at 16.5 °C are approxim ately in the ran ge  repor
ted in the literature, w h ile  very h ea v y  lo sses  w ere noticed  at 21 °C. T he o b serv ed  d iffe
ren ces in d ry-w eigh t lo ss at the tw o tem peratures could, in part, be attributed  to d iffe
ren ces in the bod y constituen ts of A cartia . T he chem ical com position  of Z ooplankton v a 
ries, w ithin a certain range, d ep en d in g  on environm ental and other factors, e .g . nutritional 
history, o n to g en etic  sta g e  and sex . B am stedt (1983) refered  season a l variation in  th e  RNA  
content of Zooplankton to season a l variation of food supply.

In our results there is an apparent d iscrepancy  as len g th  lo sses of A ca rtia  are m ore 
sign ificant in the 16.5 °C anim als, w h ile  d ry-w eigh t lo sses are m ore p ron ou n ced  for the  
21 °C A cartia . This cou ld  be attributed to th e fact that len gth  losses are greater  in the ab
d om en than in the céphalothorax or in total len gth . T he abdom en  of the 16.5 °C A cartia  
is longer than that of 21 °C b eca u se  A ca rtia  at 16.5 °C is not on ly  lon ger  b u t a lso  th e  pro
portion of the abd om en  to the w h o le  body len gth  is h igher in  the A cartia of 16.5 °C.

T he b ioch em ica l com position  of fresh, non preserved , A cartia  sh o w n  in T able 3 is in  
accordance w ith the data of literature (Bam stedt, 1986). Two of the m easu red  b io ch em i
cal constituents of A cartia , i.e . carbohydrates and neutral lipids, seem  to b e  u n affected  
by Form alin preservation  and therefore cou ld  b e m easured  from preserved  m aterial. RNA
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and  D N A  content, a lthou gh  in itia lly  affected , seem  to b ecom e stab ilized  soon  (w ithin 30 
days, w hich  w as the duration of our exp erien ce) returning to va lu es not sign ifican tly  d if
ferent from th ose  of fresh m aterial. T herefore, th ey  could  then  b e  m easured , w ith  reser
vation, from p reserved  m aterial. This is im portant b ecau se  RNA content ten d s to be used  
as an indicator of rates of grow th (Sutcliffe, 1970). H ow ever, n eed  for m ore pro lon ged  
m easu rem en ts seem s clear.

Stability of RNA during p rolon ged  storage in ethanol has b een  observed  by B am stedt
(1983).

The other b iochem ical constituen ts m easured , nam ely  proteins, total lip ids and  su 
gars, seem  to b e a ffected  profoundly by preservation , and their quantitative ch a n g es  re
m ained constant till the en d  of our experim enta l period. F orm aldehyde has the property  
to be fixed  on am inogroups. Morris (1972) and Jon es (1976) con clu d ed  that preservation  
results also in hydrolysis of lip ids and  degradation  of polyunsaturated  fatty acid s in Zoo
plankton.

T he p ercen tage loss of N  and C, reported  by H opkins (1968), Omori (1978), C ham - 
palbert & Keram brun (1979) and W illiam s & Robins (1982) in their stu d ies w ith  Zoo
plankton  p reserved  w ith d ifferent preservatives, buffering agen ts and for d ifferent dura
tions, ran ged  from 20 to 49 % and from 13 to 29 %, respectively. In our results, a very  im 
portant increase  of protein  con ten t w as noticed . T he d iscrepancy could b e attributed to 
m eth od olog ica l problem s, as B eers ¡1976) states that nitrogen lost from p reserved  m a te 
rial w as du e to a loss of free am ino acids and sm aller n itrogenous m olecu les.

In the literature (Fudge, 1968; H opkins, 1968; Omori, 1978; C ham palbert&  Kerabrun, 
1979; W illiam s & Robins, 1982), it is reported that Formalin seem s u n su itab le  as a 
p reservative for b ioch em ica l analysis. U se of p reserved  m aterial should  be m ade after ap
propriate adjustm ents. H ow ever, from our results it is show n that p reserved  m aterial 
could be used  for som e b iochem ical param eters, such as neutral lip ids and carbohydra
tes, even tu ally  a lso for RNA, D N A , w hich  p lay an im portant role in eco log ica l stud ies.

T he loss of d im en sion al characters and  dry w eig h t after preservation  in  Form alin em 
p h asizes the n eed  to take into accoun t such  lo sses w h en  estim ating biom etrical ch arac
ters and  b iom ass from preserved  sam p les. A ccord ing to the presen t study, som e other fac
tors such  as seaw ater  tem perature at the tim e of collection  and, consequently , the initial 
size  of anim als also seem  to produce th ese  losses.
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