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Differential effects of chemical preservatives and
freezing on the length and dry weight of Daphnia
and Diaptomus in an oligotrophic lake

Lisa Campbell and Patricia Chow-Fraser’
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Abstract: We compare the shrinkage elfects of twu chemical preservatives and freez-
ing on the length and dry weight of Dapfutia catawbu and Diaptonus minutus, zoo-
plankton that commonly occur in the small oligotrophic lakes of south central Onta-
rio, Canada. There was no significant length ditference for Daphnia catawba pre-
served in either 4 % sugar-formalin or 70 % cthanol over a 40-d peried. Diapiomuts
minunies exhibited a length shrinkage of 6 and 8 % in formalin and ethanol, respec-
tively, over the first 7'days of preservation. Freezing with dry-ice did not affect the
length of either zooplankton species. The dry weight of Daphnia decreased signifi-
cantly with time in both chemical preservatives. and weight loss had not stabilized hy
21 d. Although there was no significant effect of formalin on the dry weight ol Diap-
tomus preserved for up to 21 d, dry weight of animals in the alcohol treatment
decreased significantly uver the same time peried. For a |-mm Daplnia, the dry
weight of frozen animals or those preserved in ethanol or formalin (for 14 days) were
respectively 73, 47, and 78 ¢ of the dry weight ol unpreserved animals. The mean dry
weight of Diaptenus preserved in ethanol was also significantly lower than that of the
control. averaging only 60 % of the dry weight of unpreserved diaptomids, whereas
those of formalin-preserved and frozen animals were 76 % and 91 %, respectively of
unpreserved animals. We found that the ratio of dry weight to wet weight of Daphnia
varied with animal size, suggesting that a single wet-weight : dry-weight ratic may be
inappropriate.

Introduction

The dry weight and length of individual zooplankters are basic information
collected by limnologists on a routine basis (SALONEN & Sarvara 1930,
1983; Birp & Prarie 1985, BerBeErOvIC & PinTo-CoELHO 1939 and
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BoersMA & VUVERBERG 1994). Because it is rarely practical to take such
measurements from unpreserved zooplankton, ecoligists generally have to take
measurements from preserved samples. Investigators seldom correct for any
effect of preservatives on either the length or the dry weight of zooplankton,
even though several studies have shown that zooplankton lose a significant
amount of their dry weight in various preservatives (see review by GIGUERE et
al. 1989), and the possible effects of preservatives on zooplankton length are
not yet known. Neglecting o correct for potential effects may produce sub-
stantial errors when cross-siudy comparisons are made in cases where differ-
ent preservatives have been used, or when length-weight regressions corre-
sponding to preserved animals are subsequently nsed to estimate the dry
weight of unpreserved animals.

Establishing and comparing the relefant effects of preservatives on the
length and weight of zooplunkton, and evaluating the appropriateness of using
a standard wet-dry conversien factor should permit investigators to correct for
any differences in length and weight such that a standardized unpreserved
weight estimate can be generated regardless of the preservative used. These
correction factors should improve both the accuracy and comparability of
these basic parameters and facilitate between-study comparisons.

The aim of this study is to compare the effect of common preservatives on
the length and dry weight measurement of two herbivorous zooplankton spe-
cies, Daphnia catowba and Diaptomus minutus. These species which occur

commonly in oligotrophic lakes of south central Ontario, Canada, have dispa-.

rate body shapes and dry weights, As well, they represent the extremes with
respect to calciiem content in their carapace (Yax et al. [989), a variable that
may be important if calcium is related to the degree of shrinkage (STEEDMAN
1976). We examined three methods of preservation: freezing, formalin and
ethanol. In addition to guantifying the effects of preservatives on dry weights,
we also determined the empirical relationship between the dry weight and wet
weight of Daphnia individuals to investigate the feasibility of predicting wet-
weight from dry-weight measurements.

Methods

Description of the study lake and field methods

Ranger lake is an oligotrophic solftwater lake located near the town of Dorset in south
central Ountario, Canada. Tt has a surface aren of approximately 12 ha, a maximum
depth of 13 m and meaa Secchi depth transparency of 2.7 m. The herbivorous zoo-
ptankton biomuss is dominated by Ouphnia catuwba. Holopedium gibberym, and
Diuptomus mimdus. Zooplankton samples were always collected by vertical haul
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{80 un mesh square Wisconsin nel; 3-m) at an established pelagic station (maximum
depth 6 m). Animals were immediately filtered through modified Petri Plates
{equipped with mesh), and rinsed with filtered lakewater. Animals were either pre- -
served in the field with dry-ice {transferred to freezer and kept in Ziploc bags within
2 h of collection), 4 % sugac-formalin (PREPAS [978) or 70 % ethanol.

Effects of preservatives on length over time

Following 30 d of freezingin Ziploc bags, 20 animals of Dapania and Diaptomus were

. selected, rinsed with distilled water dnd transferred onto depression slides where their

individual lengths were measured to the nearest 0.001 mm with an Optimus Image
Analysis System (Bioscan Inc., Edmonds, Washington). Daphnia were measured from
the top of the head to the base of the tail spine. Diaptomus were measured from the top
of the head to the base of the caudal rami (prosome + urosome) to avoid errors which
may result when the angle of the caudal rami relative to the long axis of the body is
changed from measurement to meusurement (CULVER el al. 1983). Immediately fol-
lowing the initial length measurement, animals were placed into individual 1.5 mL
centrifuge capsules with sealing tids and filled to 1.0 mL with one of the chemical pre-
servatives. The length of each apimal was measured again after 1,7, [4 and 40 d; ani-
mals were returned to their respective capsules after each measurement, and these were
topped up with the appropriate preservative. To account for any effect of initial freez-
inz on zooplankton length, animals that had been collected in the field and kepi in cul-
ture were measured unpreserved and then frozen for 8 d or 30 d. after which length
measurements were repeated.

We determined the accuracy of all iength measurements for this study on each
measurement day by randomly measuring a {10 % subsample of animals three times.
The repeated measures were always less than 0.5 % of the total body length. As weil,
the length measurements were well within the practical measurement intervals of 3 %
of the shortest body length recommended by BIRD & PrARIE ([983).

Effects of preservatives on dry weight over time

To determine the effects of chemical preservatives on dry weight over time, fresh
field-caught animals were placed in the two chemical preservatives for 9 or 21 days.
To eliminate any confounding effects due to season (CamMpBELL 1994), we conducted
all of the experiments with animals collected from a single visit to Ranger L. To avoid
the effect of variable cluteh size, we used non-ovigerous females in all of the experi-
ments. At the end of the chosen preservation period. random subsamples were placed
in distilled water for 20 min to rinse off any excess preservative. Daphnia were se-
lected individually (n = 20) and included a range of body lengths so as not to limit the
applicability of our results. Diapfomus were placed in groups of five simifar-sized ani-
mals (£ 0.01 mm; n = 20 groups). [ndividuuls or groups of animals were transferred Lo
small pre-weighed 7 mm boats that had been punched from aluminum foil. The
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weighing boats were placed in a partially closed petri plate, oven-dried at 60 °C for
24 h, cooled and weighed to the nearest 0.5 g with a Cahn 25 Electrobalance.

Comparison of preservative on length-dry-weight relationship

We compared the effect of the three preservation methods on the relationship between
length and dry weight of Daphnia with corresponding data obtained for unpreserved
animals. Since there is a minimum 2-h delay between field collection of animals and
the subsequent sorting and féngth measurements, and animals may be subjected to an
unknown amount of stress that may affect their weight during this time, we decided to
use animals that had been maintained in culture for 30-d on a mixture of Scenedesmus
and Ankistrodesmus. In this way, we ensured that animals used in these experiments
were all subjected to minimum stress. Four subsamples of the stock culture were
deawn in parallel and immediately filtered. Each of three subsamples were preserved
immediately in 4 % sugar-formalin, 70 % ethanol or on dry-ice. The last subsample
was used as a control to provide measurements of unpreserved animals. To standardize
the comparison, we preserved animals in all three treatments for I4 d. Length and
weight of animals were measured as previously described.

We also compared the effect of preservatives on the length-dry-weight relutionship
of Diuptomus. Because of the small size of these animals, their dry weight could not
be measured individually. Instead, we calculated the mean weight of similar-sized
copepods (n =3 per group). Consequently, there were oaly sufticient animals to deter-
mine the length-weight relationship for unpreserved animals (19 groups with lengths
ranging from 0.57 to 0.69 mm). Animals were also preserved for 14 d prior to weigh-
ing. To eliminaté the confounding effect of size, we only used groups of animals be-
tween 0.61 to 0.63 mm to compare the effects of preservatives on dry weights.

Relationship between wet and dry weight of Daphnia

Previously frozen animais were thawed and rinsed with distilled water, Individual ani-
mals were rancdomly selected and picked up with fine forceps. Each animal was blotted
twice on each side of its carapace with Kimwipe. then transferred with dry forceps
onto small pieces of aluminum foil which were pinched closed on the edges to form a
half circle with the animal inside. The wet weights were determined with the Cahn 25
Electrobalance. The wet weight was defined as that value which was muintained for
5 sec. Following this, animals were dried for 24 h at 60 °C and weighed 2gain. We as-
sumed that the initial rapid drop in wet weight was indicative of any external water
that was present on the animal or weighing pan.

Statistical analyses

We used the ANOVA and Tukey-Kramer HSD test of SAS Jmp (SAS, Cary, N. Caro-
lina) to determine the effects of chemical preservative and preservatior duration on
lengths and weights of animals. Amalysis of covariance (ZaR 1084) was used to deter-
minc differences between the elevations for the regression equations developed for
Daphnia in the various preservatives and weight loss over time.
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Results and discussion

Effect of preservative on length over time

The length of Daphnia did not change significantly over time in either of the
chemical preservatives for the duration of the 40d (ANOVA Repeated Meas-
ures; P >0.05; Fig. 1 a and b). By comparison, the length of Diaptonus pre-
served in either ethanol (Fig. 2 a) or formalin (Fig. 2 b) decreased significantly
over the first 7 d of observation (Tukey-Kramer HSD test; P <0.05), with an
average decrease of 8 and 6 %, respectively. Since none of the measurements
taken after 40 d was statistically different from those taken on the 7 day,
there was probably no further shrinkage in the size of Diupromus after the first
7 days of preservation.

Effect of freezing on length

We conducted tests to determine the effect of freezing on length measure-
ments because animals in the above experiments had been previously frozen
for up to 30 d. For both Daphnia and Diaptomus, there were no significant dif-
ferences between length measurements {n = 15) for animals that had been fre-
zen for 8 or 30 days (t-tesis, P >0.20 in both cases), which suggests that the
duration of freezing was not an important factor. Although we could not deter-
mire if freezing prior to preserving had a confounding effect, an independent
study in which animals from Ranger L. were preserved without any freezing
confirmed the extent of shrinkage that we observed within the first 7 days of
experimentation (D, McQueen, York University, unpubl. data). Thereiore, we
concluded that freezing prior to the addition of chemical preservatives did not
confound the effects of preservitives on length measurements. Further re-
search using parallel experiments with animals frozen prior to preservation
and animals preserved without freezing would provide a means of verifying
this conclusion,

Effect of preservative on weight over time

Wé determined the effect of 70 % ethanol and 4 % sugar formalin on the dry
weight of Daphnia individuals by comparing animals that had been preserved
for 9 and 21 days (Fig. 3 a and 3 b). Because of the well-documented allomet-
ric relationship between weight and length for Daphnia (DownNING & RIGLER
1984, Chapter 7), it is appropriate to compare the slopes and intercepts of the
length-weight regression lines corresponding to the two preservation durations
for each of the chemical preservatives. Analysis of covariance indicated that
the elevations of 9- and 21-day data were significantly different (P <0.02). For
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Fig. 1. Effect of preservative type and duration on the mean length (inm; % 1 S.E) of
Daphunia catawhba preserved in a) 70 % ethanol and b) 4 % sugar formalin.

a given size of Daphnia, the 21-d preservation period resulted in statistically
lower dry weight compared with the 9-d preservation in both ethanol
(P <0.005) and 4 % formalin (P <0.02), indicating that the length of time in
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Fig. 2. Effect of preservative tvpe and duration on the mean leagth (mm; + 1 §.E.) of
Dhiaptomus minutus preserved in a} 70 % ethanol and b) 4 % sugar formalin.

preservative had a significant effect on dry-weight measurements. Further
tests should be performed to determine if and when the effect of either pre-
servative will stabilize over time.
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relagionship for Daphnia catawba in w) 70 % ethanol and b) 4 % sugar formalin.

We determined the effect of preservation duration on the dry weight of
Diaptomus by comparing measurements taken after 2, 9 and 21 d of preserva-
tion in ethanol and formalin (Fig. 4). While there were ne significant differ-
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Fig. 4. Mean dry weight (ug; + { S.E.) of Diaptorus minutus (0.6-0.7 mm) preserved
for different durations in ethanol and formalin.

ences in dry weight among the three preservation durations (ANOVA, P =
0.06) for the formalin treatment, there were significant differences for the al-
cahol treatment (P <0.001}. When we compared the effect of the two preserv-
atives, we lound a significant effect of preservative type for animals preserved
9 and 21 d (P <0.000! for both) but none for those preserved 2 d (P = 0.33).
Therefore, preservation duration did not have a significant effect on dry
weights of animals preserved in formalin, but had a significant effect on those
preserved in alcohol.

Comparison of dry weights of preserved and unpreserved animals

We determined the length-dry weight relationship of unpreserved Daphnia
(control) and those preserved in the two chemicals and in dry-ice (Table I;
Fig. 3). We compared the elevations and found significant differences among
the three treatments with the control (P <0.0003). Subsequent pairwise com-
parisons between elevations indicated that for a given length interval, the dry
weights of preserved animals were uniformly lower than those of unpreserved
animals (P <0.03). Although the effects of freezing and preservation in forma-
lin were similar (P >0.50), there was a substantial residual variation around
the best fit line for frozen animals (r = 0.543), indicating that freezing may
have differentially affected the dry weight. The range of weight loss for eth-
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Table 1. Comparison of length (mm)/dry weight (ng) relationships of Daphnia ca-
tawba preserved for [4 d using three different preservation techniques as compared to

fresh animals.

3

Treatment Equation n r S.E. P
No preservation logW =0.913 + 2.285 logl. 26 0.83 0.10 <0.0001
4 % formalin logW = (.804 + 2.260 logL 25 0.59 0.16 <0.000%
frozen logW =0.776 + 2576 logL. 25 054 017 <0.000]
70 % ethanol logW = 0.581 + 3.023 logL 30 0.82 0.12 <(.0001
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Fig. 5. Lenuth-dry-weight relationships of Daphnia catawba corresponding to different
preservation treatments.

anol-preserved animals and frozen animals was quite large, ranging from 5 %
to 70 % dry weight loss depending on the length of the animal and the preserv-
alive used.

We also determined the relationship between the dry weight and length of
unpreserved Diaptomus (Fig. 6 a). Even though the relationship was signifi-
cant (P = 0.02), the linear regression only explained 28 % of the residual varia-
tion because of the small range in animal size. We compared mean dry
weights (n = 10 groups) of preserved diaptomids against similar-sized unpre-
served animals and found significant differences among treatments (ANOVA;
P = 0.0168). Mean dry weights of animals that were frozen, formalin-preserved
or ethanol-preserved were 91 %, 76 % and 60 % of the mean dry weight of
unpreserved animals (Fig. 6 b). A Tukey-Kramer HSD test (o = 0.03), however

-
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Fig. 6. a) Length-dry-weight relationship of unpreserved Diaptomus minuius. Each
datum point is the mean of 5 individuals of similar size {£ 0.01 mm). b) Mean dry
weight (lig; + 1 S.E.) of alcohol-preserved, formalin-preserved, frozen or unpreserved
diaptomids (n = 10 groups of 3 animals in each treatment).

indicated that only aleohol-preserved animals were significantly lower than
unpreserved animals.
Relationship between wet weight and dry weight of Daphnia

Few investigators have attempted to directly measure the wet weight of ani-
mals (GIGUERE et al. [989). Instead, ecologists tend to estimate wet weight
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Fig. 7. Percent dry weight of previously frozen Dapfnia catawba versus carapace
length (mm).

from dry weight data by assuming that a single conversion factor can be ap-
plied over a range of different taxa. Despite reports that caution against this
practice (BOTTRELL et al. 1976), there are too few direct comparisons of dry
and wet weights for the assumption to be properly challenged. There was con-

siderable scatier in the relationship between wet weight and dry weight for

Daphnia. Despite the scatter, there was a significant increase in percent dry
weight with size of animal (P <0.01; Fig. 7). and this suggests that a constant
conversion factor may not be applicable across the entire size range.

General discussion

Length-weight refationships of zooplankton seem to vary significantly across
published studies. This variation could be due to differences in the biochemi-
cal composition of the zooplankton and lake specific characteristics, or it may
be the result of methodological differences such as type of preservation, length
of preservation and weighing methods (GIGUERE et al. 1989). Although the
former sources of variation are inevitable and interesting, the latter can be con-
trolled and standardized. The fact that chemical preservation of freshwater
zooplankton alters the resulting dry weight measurements is an issue that
should not be ignored if researchers intend to draw comparisons across studies
(BIRD & PRAIRIE 1985, GIGUERE et al. 1989, ScHraM et al. 1981). Acknowl-

A



Size and weight of preserved zooplankton 267

edging and accounting for the effects caused by preservation technique will
significantly increase the accuracy and allow more meaningful comparisons
across studies.

We have shown that the dry weight of Daphnia catawhea preserved in the
most commonly used preservatives differ significantly from unpreserved
Daphnia of the same size. We have also shown that both Daphnia and Diapto-
mus underwent more weight loss in alcohol compared with formalin, and that
diaptomids exhibited more shrinkage in alcohol than in formalin. These differ-
ences indicate that investigators must be careful when applying length-weight
regressions derived from unpreserved animals to length measurements of alco-
hol-preserved animals, and that the differential effects of preservatives on
weight loss must be accounted for when cross-study comparisons are being
made.

Cur results contrast with those reported by BOTTRELL et al. (1976) and Du-
MONT et al. (1975) who suggested that formalin preservation did not seriously
affect body weight , or that weight loss over a long storage period in 4 % for-
malin would not likely exceed 5 to 10 %. Qur results bracket those of GIGLERE
et al. (1989) who observed losses in the range of 37 to 43 %. The application
of a single factor to correct for all types of preservatives should be used with
caution since the dry-weight loss for D. catawba varies according to the pre-
servative employed.

At present there is little information available regarding the biochemical
basis of how the preservatives actually alter the zooplankton size and weight.
Storage in both formalin and alcohel solutions lead to lipid breakdown and
disselution of oil (STEEDMAN 1976); neither is a good preservative for lipids
over time. As well, alcohol preservatives have a dehydraring effect (DUMONT
et al. 1975) and formalin preservatives have been reported to reduce dry
weight (Pace & OrcuTT 1981). These preservative properties may also con-
found dry weight results because the extent and the rate at which the chemi-
cals leach out the lipids is not known.

The results of this study support the notion that the commeonly used presery-
atives do alter zooplankton dry weight as a function of preservation time. In a
study of dry weight loss in Cerioedaphnia lacustris, maximum loss was found
to occur in the first 30 days of preservation when 3 % formalin was used
(ScHraM et al. 1981). GiGUERE et al. (1989) have recommended that for small
and large zooplankton, the minimum standard length of time in preservative
should be 1 month and 6 months, respectively, to ensure dry weight stabiliza-
tion. Since the effects were taxa-specific, the length of time required for weight
stabilization for each taxon should be determined so that consisteni procedures
for measuring dry weights of preserved samples can be established.

Further research is necessary to determine the extent to which preservatives
affect the length measurements of all freshwater zooplankton, especially since
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length measurements are often the only measurements taken when equations
borrowed from the literature are employed for dry weight estimates. The re-
sults of this study indicated that length shrinkage was significant in Diapro-
mus, although apparently not in Daphnia. The change in length may result
from decalcification of the carapace from exposure to alcohol (STEEDMAN
1976) and formalin {LEsLiE & Moorg 1986), and if Daphnia have 50 times
more skeletal calcium than copepods (YaN et al. [989), then Daphnia may not
be as susceptible to decalcification as are Diaptomus. Alternately, shrinkage in
copepods may result from dehydration in the inner tissues of the segmented

_body, especially if muscles contract as a result of preservation,

Our comparison of dry weight to wet weight for Daphnia contrast those of
BoTTRELL et al. {1976) who suggested that the percent dry weight of taxa such
as Rosmina, Heterocope and Leptodora decreased with body size. Since the
proportion of dry weight varied from 0.02 to 0.10, the recommendation of Du-
MONT et al. (1975) to apply a general dry to fresh-weight ratio of 0.1 may also
lead to considerable error. The possible taxa-specific and length-specific rela-
tionships indicate that investigators should use reported wet weight-dry weight
conversions cautiously, and whenever practical, conduct wet-dry comparisons
for each taxon in the study. Without conducting further biochemical analyses,
it would be difficult to speculate on the reason for the higher percent dry
weight in larger animals.

The differences in dry weight estimates and length-weight relationships
across studies may be comparable if the techniques used to determine these es-
timates and relationships were standardized. Acknowledging and accounting
for the effects of preservatives on zooplankton length and weight may estab-
lish more accurate and comparable dry weight estimates and poteatially re-
duce the error presently incurred if these factors are ignored.
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