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We studied the growth, feeding, and elemental composition of Mysis mixta from June 
to September 1997 in the northern Baltic Sea. In June the juvenile population had a 
unimodal size distribution (mean length ~6 mm), but in July–August, the population 
was divided into two cohorts. A stomach content analysis showed that the mysids in the 
larger and faster growing cohort fed signifi cantly more on crustacean zooplankton and 
pelagic material than the smaller one: the mean ratios of zooplankton:phytoplankton 
and pelagic:benthic particles in July–August were respectively 0.27 and 0.11 for the 
small cohort, and 0.54 and 0.36 for the large cohort. This suggests that food quality 
and its energy content are important in infl uencing the growth of pelagic mysids 
in the northern Baltic. The C:N ratio of the two cohorts did not vary much, which 
shows that ingestion of food items with varying elemental content is not necessarily 
refl ected in the elemental composition of consumers.

Introduction

Omnivorous feeding behaviour is a common 
strategy by which freshwater and marine inver-
tebrates cope with varying food conditions 
(Mauchline 1980, Landry 1981, Wiadnyana and 
Rassoulzadegan 1989, Stoecker and Capuzzo 
1990, Kleppel 1993, Gismervik and Andersen 
1997, Hansson et al. 1997). Omnivory is profi t-

able for consumers when food items are scarce 
in the environment or there is no large difference 
between the items’ profi tability. Omnivores may 
also switch from one food supply to another 
depending on the relative abundance of food 
items in the surrounding environment. In addi-
tion to food availability, the quality and energy 
content of food is also important for growth 
(Sterner and Robinson 1994, McKinnon 1996). 
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Generally, a low C:N ratio of food indicates 
good food quality (Kiørboe 1989, McKinnon 
1996, Lindley et al. 1997). However, while 
some studies show a strong effect of the food’s 
chemical composition on the reproductive suc-
cess of zooplankton (Jónasdóttir 1994), other 
studies do not (Sanders et al. 1996). This is 
partly because maintenance, growth and repro-
duction demand different food qualities. Main-
tenance metabolism requires primarily energy, 
while growth requires many other essential ele-
ments (Sterner and Robinson 1994). However, 
even though it is well known that food quality 
affects the growth of marine copepods (e.g. 
McKinnon 1996), studies on the correlation 
between food quality and growth or survival of 
other pelagic invertebrates are scarce.

Mysid shrimps (Mysidacea) are common 
planktivores that feed on phytoplankton, detri-
tus and small zooplankters by creating a sus-
pension-feeding current. They also prey on 
actively moving zooplankters by raptorial feed-
ing (Mauchline 1980). Mysids may be able to 
choose the best way of feeding in varying sit-
uations by switching between suspension feed-
ing and raptorial feeding (Viitasalo and Rautio 
1998). The diet of mysids usually refl ects the 
availability of different food items (Viherluoto 
et al. 2000), but consistent patterns of prey 
preference have also been detected (Rudstam 
et al. 1992, Viherluoto and Viitasalo 2001). 
Further, the diet of mysids changes with age. 
Mysis species have a threshold size of 7–8 mm, 
after which they become capable of capturing 
zooplankton (Grossnickle 1982, review, Viher-
luoto and Viitasalo 2001), which obviously affects 
the quality of food they ingest. 

Mysis mixta generally has a one-year life 
cycle in the northern Baltic Sea (Rudstam et al. 
1986). Young are released in early spring after 
the ice break-up. New juveniles grow during 
summer and autumn, and start to breed in late 
autumn. Ovigerous females carry their brood 
4 to 5 months and begin to release them in 
early spring. Salemaa et al. (1986) noticed that 
some females remain immature during their fi rst 
winter and breed only in their second autumn. 
These females start to release their young before 
the one-year-old females, which may result in 
two cohorts of juveniles (Salemaa et al. 1986). 

On the other hand, the other possibility is that 
the distinct cohorts are due to differential growth 
rates of individuals within the same population. 
Could it be that, after attaining the threshold size 
for zooplankton feeding, juveniles start to grow 
faster, and can the growth rate be dependent on 
the quality or energy content of food? These 
questions were explored by collecting animals 
in the fi eld, and analysing their length distribu-
tion and stomach contents. Further, we also 
wished to study whether the carbon to nitrogen 
ratio of mysids remains stable or varies during 
summer in the northern Baltic Sea.

Material and methods

The samples were collected between 3 June 
and 15 September 1997 from an open sea area 
(59°43´N, 23°13´E) (depth 80 m) south of Hanko 
peninsula at the entrance to the Gulf of Finland. 
The mysids were caught at night with a large 
plankton net of mesh size 500 µm, diameter 
0.8 m, and length 3 m. The net hauls were 
taken from near the bottom to the surface. 
The samples were preserved in 4% buffered 
formaldehyde (fi nal conc.) immediately after 
sampling. One bottom sample was also taken 
in August from the same place as the mysids 
using a Limnos-bottom sampler (Kansanen et 
al. 1991), in order to identify benthic food 
particles available to mysids in the surface layer 
of the sediment. The bottom sample was also 
preserved in 4% buffered formaldehyde (fi nal 
conc.).

One hundred juvenile mysids were measured 
from the tip of the rostrum to the end of the 
telson (body length, BL) from every sample. 
The dry weight (DW) was calculated from body 
length measurements according to the equation: 

                     DW = 0.0032 ¥ BL2.85                (1)

(Gorokhova 1999). To identify the food particles 
in stomachs, the mysids were carefully dis-
sected, the stomachs and their contents trans-
ferred onto a glass slide, and observed with an 
inverted microscope (100¥ to 400¥ magnifi ca-
tion). An average 24 stomachs were studied 
from every sampling day (total n = 168) and 
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50 food items identifi ed from each stomach. 
For the sediment sample, 5 subsamples were 
taken using a syringe, and particles studied 
and recognised similarly as for the stomach 
contents.

Since the different prey taxa occurred in 
stomachs in remains of various sizes, their bio-
mass could not be accurately quantifi ed. All the 
results concerning stomach contents are, there-
fore, presented as proportions of counted food 
items. In copepods the species/taxon identifi ca-
tion was based on legs, antennae and furca, 
in cladocerans on carapaces and legs, and in 
rotifers and ciliates on loricas. Phytoplankton 
taxa were identifi ed from whole cells or smaller 
cell parts in which distinctive features were 
found. All prey items were additionally classi-
fi ed into two prey categories, pelagic-benthic 
and zooplankton-phytoplankton. These catego-
ries are not mutually exclusive, overlapping to 
some extent. Phytoplankton particles here con-
sidered as benthic material were identifi ed from 
cells resisting decomposition, such as spores of 
diatoms and dinofl agellate cysts (as identifi ed in 
the sediment sample). Other particles were dia-
toms and crustacean remains in various stages of 
decomposition. Of the animal taxa, harpacticoids 
and highly decomposed crustacean remains were 
considered as benthic particles, whereas all cala-
noids and cladocerans were considered plank-
tonic.

The length distributions of mysid populations 
were studied for every sampling day (n = 100) 
separately to discover different cohorts. The best 
fi tted distributions were counted for the mysid 
population using the program MIX (an interac-
tive program for fi tting mixtures of distribu-
tions; Macdonald and Green 1988). The pro-
gram analyses histograms as mixtures of statisti-
cal distributions, that is, by fi nding a set of 
overlapping component distributions that gives 
the best fi t to the histogram.

The carbon and nitrogen content as well as 
the C:N ratio of mysids were measured in July 
and August. Mysids were caught at night with a 
‘Mysis-net’ and placed in an insulated box with 
water taken from below the thermocline. In the 
laboratory a total of 34 mysids were measured, 
washed with Milli-Q water, and put into small 
tin dishes (1 mysid per dish). The tin dishes 

were then dried at 60 °C for 24 h, after which C 
and N contents were analysed using a stable iso-
tope analyser (Europa Scientifi c ANCA, auto-
matic nitrogen and carbon analyser) (Barrie and 
Lemley 1989).

Results

In June 1997 the length distribution of Mysis 
mixta juveniles was uniform, following a normal 
distribution with one peak frequency (average 
size of 5.5 ± 1.1 mm, mean ± SD; Fig. 1). In 
contrast, in July, August and in the beginning 
of September, the population was divided into 
two different sub-populations (average length 
from July 5.8 ± 0.9 mm and 8.4 ± 1.4 mm to 
September 9.7 ± 0.9 mm and 13.6 ± 1.7 mm, 
respectively). The low frequency area between 
the two cohorts moved steadily from July to 
September and distinguished the border of the 
cohorts. In mid-September the length distribu-
tion of juveniles was again unimodal, with only 
one peak frequency (12.9 ± 1.3 mm, Fig. 1). 
When the population formed one cohort, the 
length range was smaller (4 to 8 mm) than at 
the time of two cohorts (8–10 mm). Also, a 
few mature mysids (17 to 23 mm), that prob-
ably belonged to the previous year’s generation, 

Fig. 1. The length frequency distribution of Mysis 
mixta populations in Ajax deep (59°43N, 23°13E) 
in the northern Baltic Sea in 1997. The best fi tting 
curves are drawn by hand from the results of the MIX 
program (Macdonald and Green 1988). Dotted lines 
indicate the threshold size of 8 mm for zooplankton 
feeding. N = 100 per every sampling date.
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were present in the population throughout the 
summer. The results from the analysis of the 
best fi ts, calculated by the MIX program, sup-
port our hypothesis of two separate cohorts in 
July–August (curves drawn by hand from the 

MIX results in Fig. 1). The two-peak distri-
butions fi tted much better compared to one-
peak distributions from 15 July to 3 September 
(Table 1).

We compared the diets of the two cohorts 
of juveniles from 15 July to 3 September, when 
the cohorts could be clearly separated. The zoo-
plankton part of the diet mainly comprised cope-
pods, while the phytoplankton fraction con-
sisted of decomposed diatoms, dinofl agellates, 
blue-green algae and green algae. The stomach 
contents were divided into two categories: 
pelagic:benthic food and zooplankton:phyto-
plankton food, and the ratios in the two cohorts 
were compared. Both food ratios differed between 
cohorts. The larger cohort ate signifi cantly 
more pelagic material (Mann-Whitney U-test: 
z = 4.267, p < 0.001, n = 96) and zooplankton, 
though the difference in zoopl:phytopl ratio was 
not statistically signifi cant (z = 1.886, p = 0.059, 
n = 96). In July, when the difference in feeding 
was most clear, the pelagic:benthic ratios were 
0.06 and 0.27, and zooplankton:phytoplankton 
ratios 0.54 and 0.77 respectively for the small 
and large cohort (Fig. 2A and B). These differ-
ences were statistically signifi cant (Mann-Whit-
ney U-test: pelagic:benthic: z = 4.202, p < 0.001, 
n = 49; zoopl:phytopl: z = 2.282, p < 0.05, 
n = 49). The diets became more similar towards 
September, along with the unifi cation of the size 
distribution (cf. Fig. 1). Later in September the 
variation in the diet remained at a low level, 
pelagic material forming ~45% and zooplankton 
~55% of the diet.

The carbon and nitrogen contents of M. mixta 
juveniles were measured in July and August. 

Table 1. Best fi tted length distributions for juvenile Mysis mixta population during summer 1997 by the MIX 
program (Macdonald and Green 1988). The table shows fi ts for all one-peak distributions as well as fi ts for the 4 
distributions where two-peak distribution fi tted better. The best fi ts are printed in bold.
——————————————————————————————————————————————————————————————————
Sampling Best fi tted One-peak Goodness Two-peak Goodness
date distribution frequency (h2) of fi t (P) frequencies (h2) of fi t (P)
——————————————————————————————————————————————————————————————————
3 Jun. Normal 2.22 0.70  
17 Jun. Normal 4.61 0.59  
15 Jul. Lognormal 8.49 0.39 2.19 0.79
31 Jul. Lognormal 13.74 0.11 9.29 0.41
18 Aug. Weibull 25.31 0.00 10.49 0.23
3 Sep. Lognormal 22.97 0.01 11.00 0.20
15 Sep. Lognormal 2.12 0.95
——————————————————————————————————————————————————————————————————

Fig. 2. (A) Pelagic:benthic and (B) Zoo plankton:phyto-
plankton food ratios in the diet of Mysis mixta in 
June–September 1997. Open circles indicate the 
large cohort, fi lled circles the small cohort and fi lled 
squares the population before and after the division 
to two cohorts (means ± SD). See text for further 
information on the division into two cohorts.



BOREAL ENV. RES. Vol. 7 • Growth rate variation in mysids 125

Regression between both carbon and nitrogen 
contents and mysid dry weight (mg) was linear 
(Fig. 3A and B). The variation in C:N ratio was 
low, from 3.5 to 4.0 in July and from 3.3 to 
3.9 in August. The differences were not statisti-
cally signifi cant between cohorts in either of 
the months (Mann-Whitney U-test: p > 0.05) 
(Fig. 4).

Discussion

In the northern Baltic Sea, several distinct cohorts 
of Mysis species can be observed during the 
course of the year. This may be due to females 
breeding in their fi rst or second autumn, pos-
sibly leading to young being released at differ-
ent times in the following spring. Thus distinct 
cohorts may be found because of two separate 
release times of young (Salemaa et al. 1986).

Our data provides an alternative explanation 
for the two cohorts during summer 1997. In the 
middle of July, a part of the juvenile population 
started to grow faster and therefore two distinct 
cohorts could be seen during summer. What can 
be the reason for these different growth rates 
when the original situation in June is equal for 
all mysids? If there were both one- and two-year 
old breeders in the M. mixta population, there 
should be two distinct juvenile cohorts already 
in June (cf. Salemaa et al. 1986). In our study 
area, however, the juvenile population was uni-
form during the whole of June and was divided 
into two only in July (Fig. 1). A few large 
females which were present the whole summer 

were probably too old to breed (Hakala 1978). 
There were no ovigerous females present in the 
beginning of June, excluding the possibility that 
some young could be released still during June 
which would therefore be smaller and grow 
slower in the beginning of summer. This sug-
gests that M. mixta near the southern coast 
of Finland had a one-year life cycle with one 
release time for young in spring, and that there-
fore some other explanation has to be found 
for the two separate cohorts during the study 
period.

In June the whole M. mixta population fed 
more on benthic phytoplankton, but in July 
there were two different ‘feeding lines’. Smaller 

Fig. 4. C:N ratios of Mysis mixta in July and August 
1997. The two cohorts (discussed in the text) are 
separated. Mean values are shown by a dotted line, 
the median by a solid line; the lower and upper ends 
of the box denote the 25 and 75th percentiles, and 
the ends of the whiskers the 10 and 90th percentiles. 
Open circles: outliers. n = 34 (20 mysids in July and 
14 in August).

Fig. 3. Linear regressions between (A) carbon and (B) nitrogen content and mysid dry weight (A: r2 =  0.96, 
p < 0.001, n = 34, B: r2 =  0.95, p < 0.001, n = 34) in July and August, 1997. Mysids are all juveniles, 
length variation is between 5 and 13 mm. Dry weight is estimated from body length:DW from the equation 
of Gorokhova (1999).
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mysids fed more on phytoplankton and benthic 
material, but larger ones switched to a diet richer 
in zooplankton. The difference was clear in both 
prey categories. In July, phytoplankton biomass 
is at its minimum (Niemi 1976), whereas the 
abundance of cladocerans and copepods species 
is close to their maximum (Viitasalo et al. 
1995). Thus, zooplankton availability is good 
for the mysids over 7–8 mm that are capable of 
capturing them. In the beginning of July, when 
the two cohorts started to grow at different rates 
(large: growth coeffi cient 3.9, small: 0-growth), 
both cohorts changed their diet to more zoo-
plankton, but the faster growing mysids changed 
their nutrition more than the others. Animal food 
may nutritionally be of better quality for mysids 
than phytoplankton or detritus, as suggested 
for copepods (e.g. Conover and Corner 1968, 
Corner et al. 1976, Heinle et al. 1977, Stoecker 
and Capuzzo 1990, review). For instance, it is 
known that green algae (Dunstan et al. 1992) 
and cyanobacteria (Koski et al. 1999) are not 
‘good’ food compared to zooplankton or dino-
fl agellates. Also decomposing benthic material, 
for example diatoms, can be low quality food 
compared to fresh pelagic material (e.g. Lehto-
nen 1997). Therefore, we suggest that the mysids 
that fed on pelagic food and zooplankton gained 
a growth advantage compared to the benthic 
feeders and phytoplankton grazers.

Mysids have a threshold size of 7–8 mm, 
after which they become essentially predators 
(Grossnickle 1982, review; Viherluoto and Vii-
tasalo 2001). In our study area, juvenile mysids 
were 4 to 13 mm long in July. The population 
was therefore divided into two groups that dif-
fered in their feeding: suspension feeders below 
8 mm, and predators over 8 mm. Mysids at 
the larger end of the size distribution probably 
started to be large enough to capture zooplank-
ters, and thus gained more protein and amino 
acid-rich animal food (Stoecker and Capuzzo 
1990, review). In contrast, the rest of the popula-
tion continued to feed mainly on phytoplankton 
(decomposing diatoms, cyanobacteria and green 
algae) and their growth rate remained lower 
(during July growth rate was ~0) than that of 
individuals already feeding raptorially.

This phenomenon may occur because of 
differences in migration behaviour. Mysids per-

form diurnal vertical migrations to avoid visual 
predators such as fi sh. During the night they 
migrate upwards for better food supply (Rudstam 
et al. 1989). Probably some mysids spent more 
time near the bottom, whereas others migrated 
to the upper water column where zooplankters 
were available. Raptorial feeding may provide 
more energy per unit time than phytoplankton 
grazing (Gifford and Dagg 1988) and may there-
fore confer a growth advantage on mysids capa-
ble of capturing and handling prey. Further, 
the ingestion rate of mysids increases after attain-
ing the threshold size (Viherluoto and Viitasalo 
2001), which also provides more energy per unit 
time. After getting the growth advantage, the 
larger mysids had continually better chances to 
capture larger prey than smaller mysids (Cooper 
and Goldman 1980), which further kept their 
size distributions apart and, hence, their diets. 
In August, the mysids of the smaller cohort also 
reached the threshold size for zooplankton feed-
ing; their growth rate consequently increased 
(growth coeffi cient 3.63), and in mid-September 
the two cohorts again united. The reason for 
the decreased growth of the larger cohort in Sep-
tember could be the severe competition for food 
with herring and sprat. In early autumn plank-
tivorous fi sh and mysids decrease the abundance 
of zooplankton (Hansson et al. 1990a), which 
indicates that food supply is limited and this, 
in turn, may negatively infl uence the growth of 
mysids (Hansson et al. 1990b).

The quality of food can also be measured by 
the C:N ratio (Kiørboe 1989, McKinnon 1996, 
Sanders et al. 1996, Lindley et al. 1997). A low 
C:N ratio of food indicates high quality, and 
the elemental composition of the animal itself 
is also an indicator of condition. A few studies 
have investigated nitrogen and carbon content 
of mysids. Donnelly et al. (1993) measured the 
C:N ratio of three mysid species (Eucopia sculp-
ticauda, E. unguiculata, Gnathophausia ingens) 
in the Gulf of Mexico. Compared to these values 
(5.9 to 7.3) our values for Baltic Mysis mixta 
were very low (3.3 to 4.0), which should indi-
cate good condition. Gorokhova (1999) got sim-
ilar results for M. mixta (juveniles 3.8) in the 
northern Baltic proper. C:N ratio was similar 
in both cohorts in our study, so this does not 
explain the different growth rates. However, 
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omnivory probably provides a better quality 
diet for mysids than phytoplankton or detritus 
alone, as several studies have shown with other 
zooplankton (e.g. Conover and Corner 1968, 
Heinle et al. 1977, Stoecker and Capuzzo 1990, 
review).

We recognise that our data cannot distin-
guish between reason and consequence, i.e, do 
different feeding modes infl uence the growth 
of mysids, or does the growth difference allow 
for different utilisation of phytoplankton and 
zooplankton? Possibly mysids in June originated 
from the same cohort but the largest ones of 
the population had earlier had the opportunity 
to start feeding on zooplankton and therefore 
achieved a higher growth rate. However, our 
data is the fi rst one to show such a clear differ-
ence in growth rates and diets of different sized 
mysids in the Baltic Sea. Further studies on the 
effects of food quality are still needed to fully 
understand the importance of food quality and 
availability for nectobenthic mysids.
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