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Abstract

The effect o f preservation m ethods on dry weight (DW ) and ash-free dry weight ( A FD W ) o f R ad ix  peregra 
(G astropoda), A sellus aquaticus  (Isopoda), Erpobdella octoculata  (H irudinea) and Glyptotendipes sp . 
(C hironom idae) was studied. E thano l, form aldehyde, and Bouin were used as preservative. In  case of 
p reservation  o f m acro-invertebrates in ethanol substancial changes in DW and A FD W  biomass were 
observed. In  the fo u r d ifferent ta x a  the loss in DW  varied betw een 7.2-21.9%  after a 3 m onth preservation 
period  in 70% ethanol. A com paratively  small range in A FD W  loss (16.2-19.7%) was found. Changes in DW 
an d  A FD W  biom ass during  preservation were significantly affected by the duration  of the preservation, by 
tem peratu re , light conditions and  the volum e of the preservative. The changes in A FD W  were also signifi­
cantly  affected by the concen tra tion  o f the preservatives. Preservation in 10% formaldehyde did not cause 
significant changes in D W  and  A FD W  biomass.

Introduction

A proper understanding  o f aquatic  ecosystems 
requires an exp lo ra tion  o f the structu re  and func­
tion ing  of its constituent com ponents (D en H artog,
1981). M acro-invertebrates p lay  an im portan t role 
in food-chains in m ost aquatic  systems and there­
fo re  it is im portan t to s tudy  th e ir biom ass and 
productiv ity . Sam pling, so rting  and  identification 
o f m acro-invertebrates a re  tim e-consum ing activi­
ties. H ence in practice the an im als are often pre­
served before identification, coun ting  and biomass 
estim ations can take place. P reservation  of orga­
nism s, however, may affect w eight estimates.

G eng (1925) already described th a t preservatives 
such as alcohol and form alin  caused changes in the 
w eight of preserved anim als. H ence, estimates of 
b iom ass and production  of m acro-invertebrates in 
ecosystem s can  be erroneous if these anim als are
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preserved without com pensation being made for 
changes in weight. Several investigators have stu­
died the effect of preservation of m acrofauna on the 
wet weight biomass (M ackay & Kalff, 1969; S tan­
ford, 1972; Donald & Paterson, 1977; Landahl & 
Nagell, 1978; M aslin & Pattee, 1981) and dry 
weight biom ass (Howm iller, 1972; D erm ott&  P at­
erson, 1974; W iederholm & Eriksson, 1977). To 
study organic m atter flows in ecosystems measure­
ments of A FD W  biom ass (=  organic weight) 
should be recommended (Stirn, 1981). Therefore it 
is strik ing tha t the influence of preservation on 
changes in ash-free dry  weight (A FD W ) biomass 
was no t investigated in the above mentioned stu­
dies. Expressing biomass in AFDW  makes com par­
isons m ore reliable because the variations in mois­
ture- and ash-content in macro-invertebrates are 
taken  in to  account. F o r organisms with calcareous 
skeletons the A FD W  presents a reliable measure­
m ent o f total organic m atter. Wet weights (WW) 
and dry weights (D W ) only approxim ate organic
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matter if the weights of calcareous skeletons an d / or 
body moisture are eliminated (Stirn, 1981).

The present paper describes the effects of preser­
vation methods on changes in dry- and ash-free dry 
weight of common macro-invertebrates. These as­
pects were studied using Asellus aquaticus (L.) 
(Isopoda), R adix peregra (M uller) f. ovata  (D ra- 
parnaud) (Gastropoda), Erpobdella octoculata  (L.) 
(Hirudinea) and Glyptotendipes spec. (Chironom i­
dae). These animals are representatives o f different 
taxonomic groups, so tha t species specific suscepti­
bility to weight loss during preservation could be 
studied.

Materials and methods

In the spring of 1981, large numbers of Radix  
peregra f. ovata and Asellus aquaticus were collect­
ed in the effluent of a sewage treatm ent plant near 
Groesbeek (The Netherlands). Erpobdella octocu­
lata and Glyptotendipes specimens were collected 
in the Bemmelse Strang, a backw ater of the river 
Waal near Nijmegen, by using iitterbags (1 mm 
mesh size) filled with decaying plant material. Im ­
mediately after sorting, the individuals o f each spe­
cies were split up into several replicate subsamples 
of 2-8 individuals. Of each replicate the fresh 
weight (FW) was determined by blotting the ani­
mals força 1 min. on filter paper (D erm o ttÄ  Pater­
son, 1974) before weighing on a  M ettler electronic 
balance (type HL 52). A t the start of each experi­
ment the ratios DW :FW  and A FD W :FW  of 6-8 
replicates (controls) of each species were deter­
mined. By using these ratios the original D W  and 
AFDW  of the replicates that were preserved were 
calculated from their FW . Lappalainen & Kangas 
(1975) pointed out that prediction of DW  and 
AFDW  from FW can accurately be done fo r fresh 
material. P.ower functions describing DW  -  FW 
and AFDW  -  FW  relationships show large r2 and 
small coefficients of variation. Changes in weight 
due to preservation can be calculated by sub tract­
ing the DW and AFDW  of the preserved replicates 
from their predicted original D W and A FD W . The 
remaining weights of preserved m aterial were al­
ways expressed as a percentage o f the predicted 
weight.

The animals of each replicate were dried by plac­
ing them (controls before and other subsamples 
after preservation) for Î 6 h in an oven (with forced

ventilation) a t  105°C . L an d ah l & N agell (1978) and 
Lappalainen Sc K an g as (1975) described th a t this 
drying procedure resu lted  into constan t dry weights. 
The ash con ten t o f the m acro-invertebrates was 
determined by p lac ing  them  for 3 hours in a  muffle 
furnace a t 550° C . L appa la inen  & K angas (1975) 
reviewed lite ra tu re  concerning incineration of fau­
na and concluded th a t the  m axim um  tem perature 
of 550°C can be m ain ta ined  w ithout an appreciable 
loss of inorganic com ponents. These au thors also 
pointed out th a i inc inera tion  o f 3 hours resulted in 
a com plete com bustion  o f organic m a tter and re­
sulted into co n s tan t ash-free d ry  weights. Before 
weighing, the an im als were cooled dow n to room  
tem perature in a desiccator. T he A FD W  was calcu­
lated by sub trac ting  the ash-w eight from  the DW.

In most experim ents 10 ml ethanol (70%) was 
used as a preservative, bu t the effects o f other 
am ounts and concen tra tions o f this preservative on 
changes in b iom ass were also studied. Besides 
ethanol, 10% buffered  form aldehyde, 4% buffered 
form aldehyde an d  Bouin were used. Bouin m edium 
was prepared accord ing  to  Rom eis (1948). The pH ’s 
of the different preservatives were m ore o r less the 
same (varying betw een 5.3-5.6), The preservatives 
were always d ilu ted  w ith twice-distilled water. 
M ost experim ents were preform ed in the dark  a t 
room  tem perature (ca. 20°C).

D epending on the aim  o f the experim ent the 
individuals were selected on body size o r divided at 
random  into replicate subsam ples.

In experim ents in which the effect of the length o f 
the preservation period in 10 ml ethanol (70%) on 
changes in biom ass was studied, replicate subsam ­
ples were used w hich contained anim als o f different 
size (random ly chosen). By doing  so the field popu­
la tion  of m acro-invertebrates is m ore or less sim u­
lated.

Replicates w ith R a d ix  peregra  f. ovata  of the 
same size were used to  study the effects of light-dark 
conditions and tem peratu re as well as type, am ount 
and concentration  o f preservative on the changes in 
biom ass o f the preserved fauna. Effects of body size 
on weight loss during  preservation, as described by 
Dermott. Sc P a te rso n  (1974), were ruled out in this 
way.

T he effect o f body size on changes in weight 
during preservation was studied with R adix  pere­
gra f. ovata ; the relationships between shell-height 
and ash-free dry  weight in fresh and preserved 
m aterial were described by the pow er functions Y =
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a Xß .  Because this model is non-linear the model is 
transfo rm ed  to In Y =  Ina 4- ß ln  X , Calling a =  In a , 
b =  ß  an d  app ly ing  the transform ed  pow erfunction 
to each experim ent (fresh m aterial, preserved m ate­
rial in  respectively 90%, 70% and 50% ethanol) to 
describe the relationship , a  linear m odel containing 
8 param eters is obtained, i.e.

In Yjj =  a¡ 4  b¿ In Xy. T he In Xy and  In Yy are 
transfo rm ed  m easurem ents in experim ent i (i =  1, 

4) and a¡ and  b¿ are respectively in tercept and 
slope of the line describing the relationship  between 
the logs o f shell height (X¿) and ash-free dry  weight 
( Y j )  in  experim ent i. To fit the transform ed data to 
the m odel the G LM  (General L inear M odel) proce­
du re  o f SAS (Statistical Analysis System) was 
applied.

M o st experim ents were perform ed in sets o f 6-8 
replicates. F o r each sam pling day, the m ean relative 
am o u n ts  of b iom ass and standard  deviations o f the 
replicates could be calculated in this way. Param e­
ter free tests fo r com paring group levels (i.e. K rus­
kal-W allis, W ilcoxonand  the trend test o fT erp stra  
(H o llan d er &  . W olfe, 1973)) were used to detect 
s tatistically  significa nt differences and trends. A nal­
ysis o f covarianc-e was applied to  investigate the 
rela tionsh ips betw een shell height and  ash-free dry 
w eight fo r  fresh and preserved m aterial o f R, pere­
gra f, ovata .

T o  describe the results the following abbrevia­
tions will be used: FW , fresh w eight (o f  unpreserved 
m aterial); W W , wet weight (o f preserved m aterial); 
D W , dry  weight; A FD W , ash-free dry weight; 
P D W , predicted dry  weight fo r  fresh material; 
P A F D W , predicted ash-free dry weight for fresh 
m aterial.

R esults

R a d ix  peregra  f. ovata  and  A sellu s aquaticus, 
rep resen ted  in  the replicates by specim ens of differ­
en t sizes, show ed a  rapid decrease in D W  and 
A F D W  during  preservation in 70% e th a n o l The 
K ruskal-W allis test and T erpstra  test for the com ­
p ariso n  o f g roup  levels and  the  detection  of trend  in 
D W and A F D W  are  clearly significant in each spe­
cies (p  <  0.05). A stabilization in  biom ass was ob­
served afte r a  period of 25-50 days (Fig. .1 a  and 1 b). 
A fter this stab ilization  period thechanges in A FD W  
biom ass of bo th  R a d ix  and A sellus  were of the

A se llu s  a q u a ticu s
DW
AFDW

I2S Q ays

DW

A FD W
Radix pereg ra  t. ovata

125 d a y s

Fig. I a, b. T he effect of the length o f the preservation period in 
10 ml ethanol (70%) on changes in biomass of Asellus aquaticus 
and R a d ix  peregra (, ovata . Each sampling point represents the 
mean rem aining weight percentage (± SO) of 6 replicates. P res­
ervation occurred a t room temperature in the dark and each 
replicate contained 8 animals of different sizes.

same magnitude; the remaining A FD W  varied be­
tween 78.0-82.8%  of the  original biomass. Particu­
larly in R a d ix  the weight of the shell caused clear 
differences between the remaining DW  and AFD W . 
Table 1 shows the weight ratios of the four m acro­
invertebrate species a t several time points. After a 1 
m onth preservation period in 70% ethanol of Rad­
ix, Asellus, G lyptotendipes and Erpobdella , each of 
which was represented in the replicates by speci­
mens of different sizes, the rem aining DW and 
A FD W  ranged from  75.0-97.8% and 75.7-87.9% 
respectively of the original biomass, Preservation 
of the sam e taxa for three m onths in 70% ethanol 
resulted in remaining D W ’s and A FD W ’s of 
78.1-92.8%  and 80.3-83.8% respectively. Hence, 
after the stabilization period there are still substan­
cial differences in the rem aining DW whereas the 
changes in A FD W  of the fou r different taxa studied 
are of the sam e m agnitude. The DW  as well as the 
A FD W  of all tax a  are  significantly affected by the 
length o f the preservation period (Kruskal-W allis 
test, T erpstra test, each species all tests p <  0.05).

P articu larly  in R a d ix  and Asellus the DW ;FW
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Table 1. Mean weight ratios (±  SD) of four m acro-invertebrate taxa  a t several time points a f te r  preset vation  in ethanol (70%) at room 

temperature in the dark.

Species N, n 2

100%
A F D W  l f ) m  - FW~  100%

Fresh
material

After 
1 month

After 
3 months

Fresh
m aterial

A fter 
1 m onth

A fter 
3 m onths

Radix peregra f. ovata 6 8 27.3 ±  1.9 26.7 ± 0 .6 25.3 dr 1.4 10.2 ± 0 .9 8.4 ±  0.4 8.3 ± 0 .4

Asellus aquaticus 6 8 20.3 ±  1.4 3 7.8 ± 0 .9 17.1 ± 0 .9 13 .0 ±  J.O 11.6 ± 0 .4 10.9 ± 0 .3

Glyptotendipes spec. 6 4 22.6 ±  1.1 17.0 ±  1.3 17.7 ± 2 .8 21.9 ± 0 .9 16.6 ±  1.2 17.6 ± 2 .8

Erpobdella octoculata 7 2 16.7 ± 0 .7 13.6 ±  1.0 13.4 ± 0 .4 15.2 ± 0 .8 13.2 ± 0 .9 13.3 ± 0 .5

DW
PDW 100% A FD W

P A F D W

After 
! m onth

After 
3 months

A fter 
1 m onth

After 
3 m onths

Radix peregra f. o vata 
Asellus aquaticus 
Glyptotendipes spec. 
Erpobdella octoculata

97.8 ±2 .1
87.8 ±  4.5 
75.0 ± 5 .9  
81.5 ± 5 .9

92.8 ±  5.4 
84.2 ±  4.3
78.1 ±  12.3
80.1 ±  2.4

82.7 ± 4 .1  
87.9 ±  2.6
75.7 ±  6.2 
83.6 ± 5 .4

80.9 ±  4.1 
82.8 ±  2.6 
80.3 ±  12.8 
83.8 ±  2.8

N |, number of replicates; N2, number of individuals in each replicate.

and AFDW :FW  ratios showed rem arkable differ­
ences due to the ash content of the shell of R ad ix  
and the exoskeleton of Asellus. The weight o f  these 
inorganic components comprises a relatively large 
proportion of the DW in R adix  and Asellus  (Table
I).

The effects of different preservation m ethods oil 
the changes in biomass of R ad ix  peregra  f. ovata  
are shown in Fig. 2 and Table 2.

Preservation of R adix  individuals o f the same 
size in 2 .5 ,5 ,10 and 25 ml ethanol (70%) resulted in 
significantly different group levels for D W  and 
AFDW  biomasses (Fig. 2a; T ab le2). T rend tests of 
Terpstra showed that the weight losses increased 
with an increasing volume of the preservative.

Preservation of R adix  individuals of the same 
size in 70% ethanol at different tem peratures only 
resulted in significantly different percentages o f the

remaining A F D W  (Fig. 2b; T able 2). However, the 
DW  as well as th e  A FD W  biom ass showed signifi­
cant negative tren d s  with the preservation tem pera­
ture, which m eans th a t the losses in these weights 
increase with h igher tem peratures.

The results o f  the experim ents with R a d ix  in 
w hich the effects o f several ethanol concentrations 
on the DW an d  A FD W  losses o f R a d ix  were stu­
died, are presented in Fig. 2c and T able 2. F or 
R ad ix  individuals o f sim ilar size a significant trend 
tow ards an increasing  D W  and  A FD W  loss with 
lower ethanol concentrations was observed.

Transform ed pow er functions fo r the relation­
ship between shell height and A FD W  biom ass were 
used to dem onstra te  effects o f  several ethanol con­
centrations on R a d ix  individuals o f varying size. 
156 data pairs w ere fitted. The results are presented 
in Fig. 3. The linear model in Yy =  aj -f- b¡ In Xfj (4

Table 2. A  statistical com parison, using the Kruskal-W allis and Terpstra trend test, o f d a ta  from  experim ents in which the effects o f 
different preservation methqds on changes in biom ass of R adix  peregra f. ovata  were studied.

Kruskal-Wallis Trend test Terpstra

Variable during 
preservation

Volume
Temperature
Concentration

Data presented 
in figure

2b
2c

DW A FD W DW A FD W

* Statistically significant (p <  0.05), -  statistically not significant (p >  0.05).
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Fig. 2. The effects o f different preservation  methods on the 
changes in  biomass o f R a d ix  peregra  f. ovata  (each replicate 
contained 5 animals of the same size), preserved for 4 m onths in 
ethanol under dark  circum stances. All sam pling points represent 
the m ean rem aining weight percentages (±  SD ) o f 8 replicates, a) 
The influence o f different volum es of 70% ethanol (room  
tem perature), fc) T he influence of tem perature (10 mi ethanol 
70%), c) The influence of the ethanol concentration (10 ml 
ethanol, room  tem perature).

Ln AFDW (m g )

  f r e s h
  9 0 7 .  e th a n o l
 7 0 7 .  e th a n o l
 5 0 7 .  e th a n o l

IO 15 20 3.02.5
I n  sh e l l  h e ig h t  (mm) 

Fig. 3. The relationship between, shell height and ash-free dry 
weight for fresh and preserved material o f R adix  peregra f. 
ovata. The data were fitted using the transformed power func­
tion In Yjj =  a¡ +  b¡ in X¡j. Intercepts (a¡) and slopes (b¡) of the lines 
are presented in Table 3.

lines) fits the data well (R-square with respect to the 
corrected to ta l is 0.952). The estimates of the 8 
param eters (with standard errors), are presented in 
Table 3. To test the homogeneity o f slopes, an 
analysis of covariance was applied (H0 ; bj =  bz=  b3 
=  b4). A lthough the overall hypothesis of equal 
slopes is not rejected (F3 I48 -  1.79, p =  0.15) it 
remains doubtful whether the lines can be consi­
dered parallel. All pairwise differences were exam­
ined. There are indications that the slopes b2 (2.88, 
preserved material 90%) and b4 (2.55, preserved 
m aterial 50%) are different (t-test, p =  Ö.G3). W ith 
respect to the pairwise differences between inter-

T able3 . Param eter estimates of transformed power function In 
y¡j =  a¡ +  bj In Xy for relationship between shell height (Xy) and 
ash-free dry weight (y,j) for fresh and preserved (ethanol) 
m aterial o f Radix peregra f; ovata.

Experim ent i

Intercept Slope

a¡ ±  SE b ¡± S E

i =  I fresh material -10.39 ± 0 .22 2.64 ±  0.09
i =  2 90% ethanol -11.16 ±  0.26 2.88 ±0 .11
i =  3 70% ethanol -10.84 ±0 .24 2.71 ± 0 .1 0
i =  4 50% ethanol -10.46 ±0.21 2.55 ± 0 .1 0
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Table 4. The influence of’different preservatives (10 ml) on 
remaining DW and AFDW biomass (± standard deviation) for 
Radix peregra f. ovata. The replicates were preserved for 
4 months under dark circumstances (except treatm ent 2) and 
each replícate contained 5 animals of ths same size.

~m  mnor AFDW 100%
Preser­
vative

PDW  A‘ PAFDW

ment mean ±  S D 
(n =  8)

mean ±  S D 
(n  =  8)

Fresh material 
(Control)

100.0 ± 7 .0 100.0 ± 8.8

1 70% ethanol 
(Dark)

94.1 ±  2.9* 79.4 ± 2.9*

2 70% ethanol 
(Light)

93.4 ±  1.8* 75.5 ± 3.9*

3 Bouin 46.5 ± 8 .1* 107.8 ±  18.6
4 10% formaldehyde 104.0 ± 3 .4 101.0 ± 4.9

5 4% formaldehyde 98.5 ± 7 .3 93.1 ± 7.8*

* An asterisk indicates that the group levels were significantly 
different from those of the control replicates (W ilcoxon test p 
<  0.05).

cepts: the intercept -  11.16 of the 90% preserved 
material (a2) appears to be different from respec­
tively- 10.46 and -  10.39 i.e. the intercepts of 50% 
preserved material (p =  0.04) and the fresh m aterial 
(p -  0.02). Clearly the hypothesis of equal slopes 
and equal intercepts, th a t is one line to explain the 
data pattern, is rejected (F6 j 48 =  11.48, p IO"4). 
On the average the intercept of the line o f fresh 
material is 0.3 à 0.4 units higher than  the intercept 
of the preserved material. T herfore, one should 
account for the possibility that the A FD W  biomass 
for fresh material is 40 à  50% higher than the 
AFDW for material preserved in ethanol.

The influence of different preservatives on re­
maining DW and AFDW  biomass are presented in 
Table 4. Preservation of R a d ix  peregra in 10% for­
maldehyde did not result in significantly different 
DW and AFDW  biomasses when com pared with 
those of the control replicates (Table 4). Preserva­
tion of Radix  in 70% ethanol (light and dark) and 
Bouin, however, caused a  significant decrease in 
DW biomasses when com pared with those of the 
controls. A significant decrease in A FD W  biomass 
was only found when preservation occurred in 70% 
ethanol and 4% formaldehyde. These changes in 
AFDW biomass were significantly larger ( p <  0.05) 
when preservation took place in the light as com ­
pared to preservation under dark  circumstances 
(Table 4).

Discussion

Recently several investigators have discussed dif­
ficulties associated  w ith preservation  o f m acrofau­
na. A sum m ary  o f som e relevant d a ta  concerning 
the changes caused  by preservation in biom ass of 
freshw ater m acro fau n a  is presented in  Table 5. D e­
pending on the p reservation  m ethods used, the W W 
and D W -biom ass o f several preserved m acrofauna 
taxa varied betw een  26-117%  and 40-142%  respec­
tively when com pared  w ith their original biomass 
(=  fresh w eight). H ow m iller (1972) and S tanford  
(1972) found very large changes in fauna biom ass 
due to p reservation . These investigators used a cen­
trifugation techn ique to rem ove surface m oisture 
and this trea tm en t could have caused excessive 
losses o f body flu ids and organic m atter.

This paper a lso  illustrates th a t preservation of 
m acrofauna can  resu lt in changes in D W  and 
A FD W  biom ass estim ates, particularly  when 
e thanol (70%) is used as a preservative. N everthe­
less, a com paratively  sm all range in rem aining 
A FD W  (80.3-83.8% ) is found in four different m a­
cro-invertebrate ta x a  afte r a  preservation period of 
3 m onths in 70% ethanol.

Changes in D W - and A FD W -biom ass also vary 
with the du ra tion  o f the  preservation. A stabilization 
of biom ass o f A se llu s  aquaticus  and R ad ix  peregra  
occurred after a preservation period o f 25-50 days. 
S im ilar pa tte rn s  in changes in W W  a n d /o r  D W  
biom ass o f preserved m acro-invertebrates were ob ­
served by H ow m iller (1972), D onald & Paterson  
(1977) and M aslin  & Pattee (1981). D ifferent m a­
cro-invertebrate taxa , how ever, showed large dif­
ferences in stab iliza tion  tim e during preservation 
(Table 5).

In the present study experim ents with R a d ix  
peregra  show ed th a t the changes in A FD W  bio­
mass during preservation were not only affected by 
the preservation tim e but also by tem perature, light 
conditions, body  size, type, volum e and concentra­
tion of the preservative. H owm iller (1972), D er- 
m o tt & P ate rso n  (1974), D onald & P ate rson  (1977) 
and L andahl & N agell ( ! 978) already dem onstrated  
the influence o f the type o f presentative on biom ass 
changes (Table 5). D onald  & Paterson  (1977) and 
D erm ott & P a te rso n  (1974) illustrated th a t the d i­
luting w ater (e.g. distilled, tap or habitat water) o f 
the preservative also affected the biom ass o f pre­
served fauna. S tan fo rd  (1972) show ed th a t the wet
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Table 5. Sum m ary of literature data ab o u t effects of preservation on biomass determ ination of aquatic macrofauna.

la x a  Preservative D uration of Stabilization Remaining weight percentages
experiments period (Days)
(Days) WW DW  AFDW

O ligochaeta Tubificidae7 70% ethanol 67 20 87* 134* -
Limnodrilus3 70% ethanol 44 21 76 51 _

Limnodrilus3 70% isopropanol 44 44 26 40 -

Limnodrilus3 10% formalin 44 21 44 77 -

H irudinea Glossiphonia9 70% ethanol 120 45 75 -

*« Erpobdella octoculata1 70% ethanol 120 ? 80 84
M ollusca Margaritona9 10% formalin 120 60 76 _ -

Planorbis9 70% ethanol 120 30 73 _

Radix peregra f. ovata1 70% ethanol 120 25 _ 93 81
R a d ix  peregra f. ovata1 10% formaldehyde 120 ? - 104 101
R adix peregra f. ovata1 4% formaldehyde. 120 7 - 99 93
R adix  peregra f. ovata1 Bouin 120 7 _ 47 108

C rustacea Pontoporeia affinis1 70% ethanol 67 67 111* 82* -
Gammarus9 70% ethanol 120 45 85 _ -
Asellus aquaticus1 70% ethanol 120 50 _ 84 S3

Ephem eroptera Baetis9 70% ethanol 120 15 60 - -
P lecoptera Periodes9 70% ethanol 120 30 74 - -

Pteronarcys californica* 70% ethanol 38 20 73- 85* _ _

C oleoptera Cybister9 70% ethanol 120 60 90 - -
T richop tera Brachycentrus? 70% ethanol 38 20 69 _ -

Hydropsyche occidentalis4 70% ethanol 38 15 95 - _
Hydropsyche9 70% ethanol 120 60 75 - -

D iptera A th erix  variegata* 70% ethanol 38 10 55 - -
A therix9 70% ethanol 120 30 72 - -

AnatopynitP 70% ethanol 57 57 40 49
Anatopynia2 70% isopropanol 57 21 41 52 _

A naiopynia3 10% formalin 57 57 53 63 -
Chironomus attenuatus5 10% formalin 598 7 - 74- 42**
Chironomus attenuatus5 70% ethanol 30 ? _ 48
Chironomus attenuatus? 40% isopropanol 30 7 - 46- 52** -
Chironomus attenuatus6 10% form alin 370 100 108-117 - -
Chironomus attenuatus? 70% ethanol 365 365 92-101 - -

Chironomus plumosus* 70% ethanol 21 ? 90- 93** 68- 72** ~
Chironomus plumosus* 4% formalin 21 ? 103 90 -
C hironom us 70% ethanol 120 75 43 - _

Chironomus1 70% ethanol 67 10 96* 70* -
G lyptotendipes1 70% ethanol 120 ? - 80 84

M etriocnemus knobi? 70% ethanol 500 84* _ -
M etriocnem us knabP 70% ethanol 30 - 79 -
M etriocnemus knobi5 10% form alin 30 - 103 -
M etriocnemus knabi5 40% isopropanol 30 - 86 ~
Procladius6 70% ethanol 365 ? 88* - -

Procladius1 70% ethanol 67 20 104* .104* _

Tanytarsus barbi tarsus6 10% form alin 800 60 57 - -

Several taxa2 70% ethanol 9 ? 75 - -

* M ean percentage over study period; »»several weight classes, methods a n d /o r  periods were used; 'present study; -M ackay «fe Kalff
(1969); 3H owmilIer (1972); '♦Stanford (1972); ^D crm ott & Paterson (1974); 6D onald «fe Paterson (1977); 7Wiederholm & Eriksson 
(1977); SLandahl «fe Nagell (1978); ^M aslin & P attee (1981).
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weight losses varied for several size classes oí the 
plecopteran larvae, Pteronarcys californica New­
port. Landahl & Nagell (1978) found th a t the bio­
mass changes of preserved Chironom us p lum osus  
L. varied for different seasons.

As shown by the data presented, there are many 
species-and method-specific effects of preservation 
on the biomass of macro-invertebrates. Therefore, 
the use of preserved fauna m aterial fo r the estim a­
tions of standing crops and fo r productivity may 
result in considerable bias. In order to  get reliable 
biomass data for macro-invertebrates two recom ­
mendations can be made:

1) Avoid preservation or minimize changes in 
biomass during preservation, or

2) Apply procedures to correct biom ass da ta  for 
weight changes due to preservation.

Avoiding preservation is practically feasible if 
sampling and sorting, as well as identification, of 
macro-invertebrates are not time-consuming re­
search factors. When identification is the only time- 
limiting factor, it can be recommended to  use differ­
ent samples for biomass estim ations (unpreserved) 
and for identification (preserved). Nevertheless, in 
most investigations preservation of m acrofauna 
will be required. In that case, changes in biomass 
can be minimized if the animals are preserved in 
70% ethanol and stored in a freezer a t -1 5 ° C (see 
Fig. 2b). Generally the weight changes are smaller 
too if (buffered) formaldehyde is used in stead of 
other preservatives (Table 5). The use o f form alin, 
however, may have several disadvantages, e.g., its 
unpleasant smell and poisonous and carcinogenic 
character. Furtherm ore in some cases an increase in 
animal biomass was observed during preservation 
in formalin (see e.g. D erm ott & Paterson  (1974) and 
Table 4 and 5).

A correction of the measured biom ass for weight 
changes due to preservation is in many cases practi­
cally feasible only. Then a strictly standardized 
preservation method is required. D erivation of 
suitable correction factors, however, may be im ­
possible because of the num erous factors which 
affect weight changes during preservation. In pub­
lications of studies in which preserved fauna is used 
for the estimations of standing crops and produc­
tivity it is absolutely necessary to describe the pres­
ervation circumstances accurately. Only then it can 
be decided wether it is allowed to com pare biom ass 
estimates from different studies.

In the p resen t s tu d y  th e  correction  factors for 
DW  and A F D W  biom ass o f four different laxa  
varied between 1.08- 1.28 and 1.19-1.24 respective­
ly. The anim als, w h ich  w ere represented in the re­
plicates by in d iv id u a ls  o f d ifferent sizes, were pre­
served fo r 3 m o n th s  in  70% ethano l and stored at 
room  tem peratu re  in  the  dark . W hether the range in 
D W  and A F D W  loss d u rin g  preservation under 
sim ilar c ircum stances is a b o u t the sam e fo r m ost 
m acro-invertebrates is unknow n. It may be of prac­
tical interest to  d e te rm in e  sim ilar factors for other 
m acro-invertebrate species.
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