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of populations that can be altered by either the change in resource sup-
ply or the impact from the predator. Namely, the relative strength of 
top-down vs. bottom-up pressure can be estimated through the modified 
Edmondson-Paloheimo model (Edmondson, 1968; Paloheimo, 1974; 
Polishchuk, 1995) for the relationship between fecundity, proportion of 
adults and birth rate:  

  (1) 

where b is per capita birth rate, V is egg development rate, F is fecundi-
ty and A is proportion of adults in the population. 

Since fecundity in zooplankton is known to be dependent on re-
source abundance while proportion of adults – on the presence and in-
tensity of predation by planktivorous fish, this equation can be used to 
derive a metric for the relative impact of resource supply (bottom-up 
effect) and predation (top-down effect) on the population growth (per 
capita birth rate). This metric (R) is the ratio of the absolute values of 
the contribution of change in the proportion of adults, ConA, and the 
contribution of change in fecundity, ConF, to the resulting change in 
birth rate: 

 

In the abovementioned study (Polishchuk et al., 2013) it was shown that 
for experimental populations of Daphnia sp. that experienced high pres-
sure from a simulated fish predator preying upon adult daphnids, R value 
was greater than 1. For the resource limited experimental populations with 
no selective elimination of adults this value was less than 1. These results 
were consistent with the R values derived from computer modelling.  

In this work we present the results of assessing the R value as an in-
dicator of the relative strength of top-down and bottom-up effects in a 
natural population of Bosmina longirostris.  

Data were collected in the vicinity of the White See Biological Sta-
tion from late June to early August 2012. Samples were taken at regular 
time intervals from five locations at the Vodoprovodnoye Lake; water 
temperature was estimated on the same dates at three levels of depth 
(0+, 0.5 m and 1 m). Phytoplankton samples were collected on six oc-
casions to estimate the relative resource supply. The abundance of fish 
in the lake was not assessed. Apart from B. longirostris, zooplankton 
samples contained a number of rotifer species which are not taken into 
account here. For each sample the number of adult and juvenile indi-
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viduals was recorded and for the adults — the presence and the size of 
egg clutches. 

We used these data to calculate fecundity as well as proportion of 
adults for the zooplankton population studied. The egg development 
rate was estimated from the water temperature values using the formula 
by Bottrell et al. (1976). Then birth rate was calculated from Eq. 1. Fi-
nally, fecundity, proportion of adults and egg development rate were 
used to calculate the contributions of these variables to the change in B. 
longirostris birth rate on a sampling interval basis. The analysis was 
performed using a QBasic program (for the code and more details on 
the calculation procedure see Polishchuk et al., 2013). 

Although in the field, contrary to the microcosm experiments 
(Polishchuk et al., 2013), water temperature and the egg development 
rate varied and contributed to changes in birth rate, the major changes 
in birth rate were associated with the contributions of fecundity and 
proportion of adults.  

For 10 out of 12 sampling intervals, R values were less than 1. We 
suggest that this indicates strong resource limitation of the B. longi-
rostris population in the Vodoprovodnoye Lake. The suggestion is sup-
ported by the pattern of change in the population numbers along with 
phytoplankton abundance. However, it seems at odds with the previous 
findings of Bizina (2000) that in 1997 zooplankton in that lake was 
strongly affected by fish. This may be because at present there is no 
connection between the Vodoprovodnoye Lake and the Verkhneye 
Lake, which is bigger and is supposed to provide a source fish popula-
tion for the Vodoprovodnoye Lake. Without an input of planktivorous 
fish from the outside, zooplankton of the Vodoprovodnoye Lake may 
be controlled largely by food. 

 
 
METAL FORMS IN SEDIMENTS FROM SEPARATING BASINS OF THE 

KARELIAN SHORE 
(KANDALAKSHA BAY, WHITE SEA, RUSSIAN ARCTIC). 

S.E. Koukina, A.A. Vetrov 
P.P. Shirshov Institute of Oceanology  
of the Russian Academy of Sciences 

The present study continues the series of environmental researches of 
the White Sea restricted exchange environments. In this work, the TOC 
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and metals (Fe, Mn, Cu, Zn, Cr and Pb) distribution in surface sediment 
samples from Kislosladkoe Lake, Zeleny Mis Lake and small separat-
ing lagoons of the Karelian shore was determined and discussed in rela-
tion to the hydrological and hydrochemical features of the basins that 
were studied. Since major and trace element speciation is essential in 
processes such as the toxity and bioavailability of pollutants in natural 
systems, the special goal of the research is the comparative study of 
ecologically significant metal forms in sediments. 
The specific conditions of the shallow separating basins of the White 
Sea include contrasting oxidising conditions within the water column 
and the occurrence of anoxia zones in the bottom depressions that may 
spread throughout the water body during the winter. The maturation of 
the sediments is strongly affected by small-scale variability in their physi-
cal and chemical conditions. 

The observed trace heavy metal contents in the sediments from the 
separating basins were comparable to corresponding values for other 
White Sea regions that are uncontaminated by trace heavy metals and 
were below the threshold levels according to sediment quality guide-
lines (Table 1). Therefore, in the restricted exchange environments that 
were studied, no significant contamination by trace heavy metals (Pb, 
Cu, Zn and Cr, in particular) was detected. The total metal distribution 
in relation to the oxic-anoxic boundary within the upper few centime-
tres of the sediment column revealed elemental affinity toward different 
sediment components. Fe, Mn, Cr and, to a lesser extent, Pb preferen-
tially accumulate within the top oxic layer due to precipitation with Fe-
oxyhydroxides. Accumulation of Cu in the surface oxic sediments is 
controlled to a greater extent by organic matter sedimentation process-
es. The observed Zn enrichments in the anoxic subsurface zone are 
most likely controlled by a sulphide-associated phase (Table 2). 

The comparative study of the two most bioavailable metal forms 
that were labile (acid soluble) and organically bound (alkali soluble) 
showed that acetic acid and sodium pyrophosphate released comparable 
amounts of metals from the sediments, i.e. 3–11% and 2–12% of the 
total metal content, respectively. The most bioavailable parts of metals 
are weakly bound to organic matter and, to a greater extent, associated 
with easily soluble amorphous Fe-oxides that are abundant in terri-
genous sediments. Organic matter starts to play a critical role in the 
concentration of metals via ligand binding in organic rich sediments 
(TOC ≥ 5%). Among the elements that were studied, the most bioavail-
able part of Zn and Cu was most likely bound to organic substances, 
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whereas bioavailable Cr and Mn were controlled to a greater extent by 
the formation of Fe-oxyhydroxides.  

Table 1. Mean metal contents (µg g–1) in the surficial sediments from 
the Karelian shore separating basins, Karelian shore small bays, Chupa 
estuary, Dvina Bay, effects range-low (ERL) and effects range-median 
(ERM) sediment quality guidelines values for trace metals; n — num-
ber of samples, SD — standard deviation to nearest µg g–1, * — range 
of contents for <63 µm sediment fraction. 

 n Pb Cu Zn Cr Source 

Karelian 
shore sepa-
rating basins  

10 
SD 

4 
2 

16 
12 

118 
70 

41 
18 

Present 
study 

Karelian 
shore small 
bays 

18 
SD 

16 
8 

16 
11 

141 
26 

169 
46 

(Koukina et 
al., 2003) 

Chupa Bay* 
 

11 
Range 

21 
12–25 

18 
15–22 

85 
57–110 

nd 
nd 

(Millward et 
al., 1999) 

Dvina Bay 
 

13 
SD 

20 
14 

21 
8 

76 
27 

84 
26 

(Koukina et 
al., 2001) 

ERL guide-
line value  

incidence 
of adverse 
effect 20–

30% 

47 34 150 81 
(Long et al,, 

1995) 

ERM guide-
line value 

incidence 
of adverse 
effect 60–

90% 

218 270 410 370 
(Long et al,, 

1995) 

 
The elements studied can be arranged in the following decreasing 

order of average potential bioavailability: Cu>Zn>Mn>Fe>Cr>Pb. 
Among the sites studied, the elevated contents of bioavailable metal 
forms are related to sediments that are enriched in organic matter and/or 
located within sea waterfresh water barrier zones. 

The observed amounts of labile and organically bound metal forms 
exceeded corresponding values for previously studied small bays of the 
Karelian shore (Table 3). Therefore, in the separating basins, the rela-
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tive proportion of labile bioavailable metals is enhanced in relation to 
the neighbouring open coastal sea, possibly due to the spread of anoxic 
conditions across sediments and water levels. Thus, under separation 
processes, sediments exhibit enhanced contents of bioavailable trace 
heavy metals.  

Table 2. Metal partition in surface sediments.  

Elements  Fe, Mn, Cr, Pb  Cu, TOC Zn  

Sediment 
layer  

top oxic  
(0–1–3 cm)  

top oxic  
(0–1–3 cm)  

subsurface 
anoxic  

(1–3–6 cm)  

Phase / 
process  

co-precipitation with 
Fe-Mn oxyhydrox-

ides  

specific adsorp-
tion by organic 

matter via ligand 
binding  

insoluble sulfide 
formation  

 

Table 3. Bioavailable metal forms in surface sediments. 

Extrac-
tion 

Major metal 
fraction ex-

tracted 
Basin Elements 

% of 
total 
metal 

content 

Source 

25% 
CH3COO

H 

bound to 
amorphous 

Fe/Mn  
compounds 

open bays 
Fe, Mn, 

Cu, Zn, Cr, 
Pb 

2–5% 
Koukina 

et al, 
2010 

separating 
basins 

Fe, Mn, 
Cu, Zn, Cr 

3–11% 
present 
study 0.1 М 

Na4P2O7 
organically 

bound 
separating 

basins 
Fe, Mn, 

Cu, Zn, Cr 
2–12% 
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BIOLUMINESCENCE AND FLUORESCENCE IN SCALE-WORMS 
(POLYCHAETA, POLYNOIDAE). 

M. Plyuscheva1, A. Goñi2, V. Saprunova3 and F. Kondrashov1 
1 — Centre de Regulació Genòmica (CRG) Barcelona, Spain.; 2 — Institut de 

Ciència de Materiales de Barcelona (ICMAB, CSIC), Bellaterra, Catalunya, 
Spain; 3 — A.N.Belozersky Institute of Physico-Chemical Biology, Moscow 

State University, Moscow, Russia 

Fluorescence is found in an unaccountably diverse array of marine or-
ganisms. It was hypothesized that ocean inhabitants would be able to 
use fluorescence for visual communication and signaling. 

The spectrum of the bioluminescent emissions is often the same as 
that of the fluorescent ones. The currently known photoproteins are not 
fluorescent before reaction and their bioluminescence-excited states are 
the same as their fluorescence ones. 

As for the scale-worms, “bioluminescent” species, like Acholoe as-
tericola, show a yellowish fluorescence in UV light after subsiding of 
bioluminescence, while the “non-bioluminescent”, like Lepidonotus 
clava, show only a bluish fluorescence in the skeletal parts (Harvey, 
1952). 

Bioluminescent properties, fluorescence distribution and in vivo 
spectral characteristics were analyzed among five “bioluminescent” 
species and two “non-bioluminescent”. The fluorescence was measured 
using a high-resolution, high-throughput grating spectrometer equipped 
with a charge-coupled device (CCD) detector in combination with a 
confocal microscope. 

Several sources of fluorescence were observed in all studied “bio-
luminescent” species. First source is so called by Bassot “photogenic 
area” (Bassot & Nicolas 1995), cells of ventral epithelium, surrounding 
place of attaching elytra to elytrophore. This zone is visible from the 
ventral side of elytra and fluorescence signal is very bright. 

From the dorsal side all elytra of scale worms covered by tubercles. 
Excited with UV light tubercles are found to show bright bluish fluo-
rescence in both “bioluminescent” and “non-bioluminescent” species. 

The third source of fluorescence in “bioluminescent” species is 
located at the dorsal side of elytra in dorsal epithelial cells. This 




