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(Pol. Arch. Hydrobiol.)

H. R E N K

PRIMARY PRODUCTION AND CHLOROPHYLL CONTENT IN THE 
BALTIC SEA. PART II. CHLOROPHYLL-A DISTRIBUTION

Sea Fisheries Institu te , D epartm ent of Oceanography, Al. Z jednoczenia 1, Gdynia,
Poland

ABSTRACT

The presen t paper shows the results of m easurem ents of chlorophyll concentra­
tions in the Baltic w aters in the periods from  M ay 20 to June 19, and from  Sep­
tem ber 7 to October 1, 1971, and also the resu lts of m onthly m easurem ents of 
chlorophyll content in the G dańsk Deep. In the  spring season the average ch lor­
ophyll concentrations in  the euphotic layer in the Baltic w ere of about 1.5 mg/m 3. 
In  Septem ber the  average chlorophyll concentrations there  exceeded 2 m g/m 3. 
In both the above-m entioned periods the greatest quantities of chlorophyll w ere 
found in  the w ater of the G dańsk Bay and the Pom eranian Bay. A t the tim e of 
phytoplankton bloom in April, 1971, the  chlorophyll concentration m easured in 
the G dańsk Deep was of 20.5 m g/m 3 of the surface w ater. The other phytoplan­
kton bloom th a t year in the  G dańsk Deep was recorded in November.

1. INTRODUCTION

Studies on the Baltic phytoplankton in respect of its composition had been 
carried  on for scores of years. A detailed description of species com position of the 
Baltic phytoplankton in dependence on hydrological conditions was given by 
R i n g e r  (1970, 1971) and other authors. An a ttem p t to estim ate the phytoplank­
ton productiv ity  in  rela tion  to n u trien t concentrations was m ade by B u c h  (1954), 
yet the data on the phytoplankton biomass in the Baltic are rela tively  very scar­
ce. It m ay be em phasized, however, th a t the  knowledge of the phytoplankton bio­
mass is of g reat im portance both for the  fishery  and for possibility of estim ating 
the Baltic biological productivity . Especially, in the face of the  increasing eutro- 
phication of the Baltic Sea estim ation of the plankton biom ass is now adays p lay ­
ing a role of the firs t rank. The sim plest and  m ost frequently  used m ethod for 
evaluation  of phytoplankton  biom ass consists in determ ination of chlorophyll-a 
obtained by ex traction  from  phytoplankton filtered out of the sea w ater. The first 
a ttem pts a t evaluation of the chlorophyll content in the Baltic p lankton w ere made 
by K r e y  (1939, 1952). Using the chlorophyll method, G i l l b r i c h t  (1952), B a n ­
s e  (1957), W e l l e r s h a u s  (1964) and Z e i t s c h e l l  (1965) estim ated the phyto­
p lankton  biom ass in various regions of the Baltic Sea. Nevertheless, even a rough 
estim ate of the chlorophyll distribution in  the Baltic based on the above-m en­
tioned papers is very difficult because of the following reasons:

1. Insufficient frequency of observations m ade hitherto  as against the relatively 
g reat seasonal changes ( B u c h ,  G r i p e n b e r g  1938), sho rt-term  changes ( N i e m i
1971), and diurnal changes ( R e n k ,  T o r b i c k i  1972).

2. Too sm all num ber of observations, as against g reat differences in  fertility  
of each p articu la r region of the Baltic ( K r e y ,  S z e k i e l d a  1966).

3. The resu lts of the chlorophyll content determ inations given in the lite ra ­
tu re  w ere obtained by various, thus not com parable, analytical m ethods.

Since 1965 a uniform  m ethod has been used for determ ination  of chlorophyllhttp://rcin.org.pl



238 H. Renk

content, as recom m ended by the SCOR-UNESCO W o r k i n g  G r o u p  (1966). 
N otw ithstanding the  use of the standardized m ethod of m easurem ents there  is 
always a possibility  of some divergence or inaccuracy in determ ination  of this 
pigm ent in consequence of an unsatisfactory apparatus used, e. g. spectrophotom eter 
( N e h r i n g  et al. 1969). Some recen t studies by N e h r i n g ,  F r a n c k e  (1971) 
provide inform ation on chlorophyll distribution  in  the Baltic Sea in the spring 
and au tum n seasons of 1969 and 1970.

The chlorophyll d istribution  in w aters of the southern Baltic deeps in some 
m onths of 1970 and 1971 was described by R e n k  (1971, 1972a). In  the present 
study the au thor intends to presen t the  pa tte rn  of the chlorophyll d istribution 
all over the  southern  Baltic, and to discuss the  annual cycle of changes in chlo­
rophyll concentration, in the la tte r  case basing on the observations conducted 
a t only one "exam ple sta tion” of the G dańsk Deep.

2. MATERIAL AND METHODS

In  order to w ork out the scheme of chlorophyll d istribution, m easurem ent 
w ere carried out during two cruises of the research vessel “H ydrom et” belonging 
to the S tate  Hydro-M eteorological In stitu te  a t G dynia in the periods of May 
2 0 - J u n e  19, and Septem ber 7 -  October 1, 1971. A com plete list of the  stations 
w here the determ inations of chlorophyll content w ere carried  on during those 
two cruises, is presented  in Table I. A portion of the m aterial, in p articu la r th a t 
one which is pu t down in Table III, was collected during the  cruises of the re ­
search vessel "B irku t” belonging to the Sea F isheries Institu te  a t Gdynia. These 
cruises w ere m ade a t several tim es of the  year (practically every m onth) in  the 
southern area of the Baltic Sea and once a year (Septem ber-O ctober) in the N orth 
Sea. On board the “B irku t”, samples of w ater for determ ination of chlorophyll 
content w ere taken, each tim e, half an hour before the sunrise, w hile on board 
the “H ydrom et” they w ere collected a t different tim es of the day. Chlorophyll 
was determ ined in the w ater a t 0.5, 5 and 10 m depth, and, w here the bottom

Table I. The list of the stations w here chlorophyll concentrations w ere 
m easured in  May—June and Septem ber—October of 1971

Position
S ta­
tion

Position Position
S ta­
tion E N E N

Sta­
tion E N

ZN 1 18°54' 54°22' g 2 19°20' 54°50' BY 22 25°36/ 59°55'
ZN 3 19°0l' 54°22/ P 2 18°00' 55°17' BY 25 23°18/ 59°35/
ZN 4 18°50' 54°40' P 3 17°04' 55°13' BY 31 18°14/ 58°35'
ZN 5 20°37' 55°42' P 5 15°59' 55°15/ BY 37 17°05.5' 57°44/
ZN 6 20°30.5' 56°30' P 7 14°05' 55°00' BY 38 17°40' 57°07'
ZN 7 21°36/ 58°04' P 8 15°03/ 56°06' BY 39 16°32' 56°07'
ZN 8 22°20' 59°15' P 16 16°48' 54°38' 15 17°06' 55°27/
ZN 9 21°22/ 59°32.7' P  21 14°15' 55°28' 16 17°05' 55°23/
ZN 10 l s ^ s ' 59°43' P 25 19°30' 55°12.5' 17 17°04' 55°19'
ZN 11 18°00' 56°15' P 37 13°18' 55°00/ 29 15°47' 54°49.5'
ZN 12 12°33/ 55°28' P 39 15°15' 54°42/ G tx 18°28/ 55°40'
ZN 13 11°15' 54°36.5' P 40 18°36' 55°38' J 18°46r 54°36/
ZN 14 10°20' 54°39' P 41 19°10' 56°05' A, 14°02/ 55°02'
ZN 15 10°56' 55°24.5/ P 44 20°03/ 57°20/ Bo 14°24r 55°17'
ZN 16 11°00' 56°10' P 45 19°54/ 58°00/ 34 15°00' 55°33'
ZN 17 10°46' 56°52/ P 46 20°19' 58°53/ B, 16°33' 55°18'
ZN 18 11°07' 57°43' Ł 7 * 17°32.1/ 54°50/ Bx 15°45' 55°20'
ZN 19 12°03' 57°0l' K 6 15°32' 54°15.4/ b 2 17°02' 55013'
ZN 20 12°08' 56°22/ B 13 14°15' 54°04' b 3 18°00' 55°20'
ZN 21
ZN 22

24°25'
19°00'

59°45'
59°00'

B 15 14°41.5' 54°04' NS* 2°00' 54°00/

N o rth  Sea. http://rcin.org.pl



Primary production & chlorophyll content in the Baltic Sea 239

was deep enough, the w ater sam ples for chlorophyll determ inations w ere taken 
a t 20, 30, 40 and 50 m depth, especially in the spring season in w aters of the Cen­
tra l Baltic, and all over the year in th e  area of the  southern  Baltic. A t each 
depth 1.5 or 2 1 of w ater w ere taken  and filtered  through H. A. “M illipore” m em ­
brane filters.

Chlorophyll content was determ ined using the m ethod generally accepted in 
oceanography, recom m ended by the SCOR-UNESCO W o r k i n g  G r o u p  (1966), 
and described in detail by S t r i c k l a n d ,  P a r s o n  (1968). Coefficients of ligh. 
absorption w ere calculated basing on m easurem ents of penetration  of n a tu ra l 
light into the w ater ( H o l m e s  1968). M easurem ents w ere m ade between 10 and 
11 a .m . by m eans of the Model 420 underw ater photom eter, “H ydro-Products” 
(USA).

In several cases a t the Go, G tł( and Bx stations, in the spring of 1970, the 
vertical distribution  of phytoplankton was determ ined by the radioisotope method, 
described in detail by S o r o k i n  (1957). To this purpose samples of w ater, taken a t 
the same depths as those used for determ ination  of chlorophyll concentrations, were 
poured into bottles, then 10 ^.Ci of rad io-carbon  was added to each bottle in form 
of 1 m l of the sodium carbonate solution (R e n k et al. 1972). A fter a five-hour 
incubation of bottles in the sea a t 0.5 m depth the content of bottles was filtered  
off through m em brane filters. The ratio  of the  radioactiv ity  of the filte r w ith 
the p lankton from  the bottle containing the w ater taken  a t a given depth to the 
radioactiv ity  of the filter w ith the plankton from  the surface w ater w as considered 
the re la tive  biomass of living p lankton a t a given depth ( S o r o k i n  1960).

3. RESULTS

VERTICAL D IS T R IB U T IO N  OF CH LO RO PH YLL-A

The amount of phytoplankton at a given station varied w ith depth in 
a manner depending on the season. The vertical distribution of chloro­
phyll at the G2 station in the Gdańsk Deep is shown in Fig. 1. 

In spring and summer chlorophyll concentrations of the euphotic

Fig. 1. V ertical d istribu tion  of chlorophyll-a concentrations in G2 station  (Gdańsk 
Deep) in 1971. 1 — M arch 28, 2 — A pril 7, 3 — Ju ly  19, 4 — Novem ber 20

http://rcin.org.pl



240 H. Renk

Fig. 2. Changes of Chlorophyll concentrations in w ater depths in G2 station
during a year

layer are distinctly higher than those of the deeper w ater layers. It should  
be taken into account that the thickness of the euphotic zone in the 
Baltic Sea is of about 20 m ( D e r a  1971, R e n k  1972 b).

Curve 1 in Fig. 1 presents the chlorophyll concentration in spring. 
Dependence of chlorophyll concentration on the depth during the whole 
sum m er tim e is similar to that presented by curve 3. The isopleths
of chlorophyll content of the Gdańsk Deep (G2 station in Fig. 2) illustrate
the fact that in the spring and summer of 1971 the surface waters (down 
to 30 m depth) exhibited greater chlorophyll concentrations than those 
of the deeper layers. In the autumn and winter no greater differences 
w ere found in chlorophyll concentration at all different depths. There 
were, however, great seasonal differences, viz., in November, in the whole 
water layer down to 50 m depth, over 5 mg of chlorophyll per 1 m 3 
of water were recorded, whereas in January the chlorophyll contents 
were lower than 1 m g/m 3.

The greatest concentrations of chlorophyll were observed in April 
in the Gdańsk Deep (Fig. 1 —  curve 2). In 1 m 3 of the surface water 
the chlorophyll content amounted to over 20 mg, and a high vertical 
gradient of chlorophyll concentration was observed at the same time, 
thus at a depth of 20 m it amounted only to about 0.5 m g/m 3. Curves 
of the vertical distribution of chlorophyll at different stations are pre­
sented in Fig. 3. For comparison, there is also shown the vertical di­
stribution of chlorophyll at one of the stations (NS station) in the North 
Sea (Fig. 3). As it results from this figure, the chlorophyll concentration 
in waters of the Baltic Sea in Septem ber 1971 was higher than that
in the North Sea.

Figure 4 shows vertical distribution of chlorophyll and also the rela­
tive distribution of living phytoplankton biomass measured with the 
radioisotope method. As can be seen in this figure, at depth greater than 
20 m there is a decrease in the amount of living phytoplankton per unit 
of the water volume. There is also a decrease in chlorophyll concentra-

http://rcin.org.pl



Primary production & chlorophyll content in the Baltic Sea 241

1 W ith the method used for chlorophyll determ inations not only chlorophyll
itse lf b u t also some of its decay products are  registered  ( S t r i c k l a n d ,  P a r ­
s o n s  1968).

Fig. 3. V ertical distributions of chlorophyll concentration in w ater depths of d if­
feren t regions in 1971. P46 — Gotland Deep (Sept. 30), P44 — Gotland Deep (Oct. 1), 
B4 — Bornholm  Deep (Sept. 6), A t — A rkona Deep (Sept. 5), J  — Puck Bay (Sept. 1),

NS — N orth Sea (Sept. 23)

tion of water, although in three cases it is less distinct than that in the 
phytoplankton biomass. This last fact im plies that at depths of more than 
20 m a portion of the measured chlorophyll consists of chlorophyll decay 
products 1.

A N N U A L  CYCLE OF V A R IA T IO N S IN THE CHLOROPHYLL CO NCENTRATIO N

Figure 2 illustrates the changes in the chlorophyll concentration at the 
G2 station in 1971. The annual cycle of variations in the mean value 
of the chlorophyll concentration in the euphotic zone at the G2 station  
is presented in Fig. 5.

It can be assumed from the present observations that the pattern  
shown in Fig. 5 is typical for the whole Baltic Sea. In the winter chlo­
rophyll concentrations in the Baltic Sea are of an order of 0.5 m g/m 3.

http://rcin.org.pl



242 H - Renk

Fig. 4. V ertical distributions of chlorophyll (1) and phytoplankton (2) in some 
stations in 1970. The given values are rela ted  to surface values

Fig. 5. Changes of m ean chlorophyll concentration in a top w ater layer (0-10 m)
in G2 sta tion  during  two yearshttp://rcin.org.pl



Primary production & chlorophyll content in the Baltic Sea 243

From first days of the springtim e the amount of phytoplankton starts 
increasing. The greatest increase in the chlorophyll concentration of the 
euphotic layer appeared to be in the period between March 28 and 
April 7, 1971 (phytoplankton bloom). Measurements carried out in other 
years have never shown such a rich bloom of phytoplankton as that 
in 1971. This was probably due to the low frequency of measurements 
of the chlorophyll concentration and to the relatively short duration of 
the phytoplankton blooming time. In the summer chlorophyll concen­
trations are of an order of 2 m g/m 3. The low concentration of chlorophyll 
at that time, despite the high rate of phytoplankton production, was 
probably brought about by grazing of phytoplankton by Zooplankton. 
In the autumn the chlorophyll concentration increased anew reaching 
the maximum values at the end of October or in early November. The 
chlorophyll content in the w ater column under 1 m 2 from the surface 
down to 50 m depth amounted in November up to 286 mg, whereas at 
the spring blooming tim e 266 mg were found in the same volum e of 
water. In December a decrease in the chlorophyll concentration was 
observed.

HO RIZO NTAL D IST R IB U T IO N  OF CHLOROPHYLL

To illustrate the horizontal distribution of chlorophyll in both the 
seasons discussed at present (May 20—June 19 and Septem ber 7—Octo­
ber 1, 1971) the maps w ere made showing the chlorophyll distribution in 
the waters of the euphotic layer of the Baltic Sea. Figures 6 and 8 
present the distribution of chlorophyll in the surface water (samples 
from the 0.5 m depth), w hile Fig. 7 and 9 show the mean values of 
chlorophyll concentration in the 10 m layer of the surface water. In the 
spring season of 1971 the greatest concentrations of chlorophyll were 
found in the estuaries of the Vistula and Oder rivers; at the same time 
in the Pomeranian Bay waters w ith  high chlorophyll concentration were 
spreading over as far as the Arkona and Bornholm Deeps. A relatively  
great chlorophyll content was also noted in the Gulf of Finland. On the 
other hand, low concentrations of chlorophyll were observed in the 
spring time of 1971 in the Transition Area (Kattegat and the B elt Sea), 
as w ell as in the area of the Middle Bank and Słupsk Bank. In Septem ­
ber, just as in the spring time, the lowest chlorophyll contents were  
found in the Transition Area, whereas the greatest ones in the Gdańsk 
Bay, the Pomeranian Bay, and in the Gulf of Finland. The distribution  
of chlorophyll along the section through the Gdańsk Bay is shown in 
Fig. 10. It can be seen there that w ith  the increasing distance from the 
Vistula estuary the chlorophyll concentrations were decreasing.

Presentation of the chlorophyll distribution in the form of maps sug­
gest distribution in the w ater to have been constant during the tim e of

http://rcin.org.pl
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Fig. 10. D istribution of chlorophyll-a concentrations in w ater depths, along the 
section of G dańsk Bay. A — situation of sam pling stations, B — chlorophyll-a con­
centrations in June 1—9, 1971, C — chlorophyll-a concentrations in Septem ber, 1971

Fig. 11. Dependence of the coefficient of light absorption in w ate r on chloro­
phyll-a concentration in the southern Baltic Sea. 1 — A rkona Deep, 2 — Bornholm 
Deep, 3 — w estern Słupsk Furrow , 4 — eastern  Słupsk Furrow , 5 — G dańsk Deep

collecting information for a given map. In reality such an assumption  
m ay be accepted on the basis of Fig. 2 and 5 which do not indicate great 
temporary changes in chlorophyll concentration in the Baltic surface 
waters for May—June and Septem ber of 1971. However, it m ay be taken 
into consideration that the daily differences in the chlorophyll con­

http://rcin.org.pl



Primary production & chlorophyll content in the Baltic Sea 249

centrations m ay amount up to 30%. Therefore in order to have a full 
picture of the matter the whole of the investigation results are given in 
Tables II and III.

Transparency of the sea water depends, among others, on the seston  
content of water. For pure waters, devoid of inorganic seston, the R iley’s 
relation (Y e n t s c h 1963) can be applied. It expresses the relationships 
betw een the chlorophyll concentration and the coefficient of light absorp­
tion by the follow ing equation:

k =  0 .04±0.088B  +  0.054B3

w here k  the light absorption coefficient (m-1), B —  chlorophyll con­
centration of water (mg/m3).

In Figure 9 a curve expressing graphically the R iley’s relationship is 
plotted and the points expressing chlorophyll concentration together  
w ith the corresponding coefficients of light absorption in the waters of 
the southern Baltic are given. It is evident from Fig. 9 that the light 
absorption in the Baltic Sea waters is usually considerably stronger than 
it could be expected from the phytoplankton content, and this in turn can 
be taken as evidence of a high inorganic seston content of the Baltic 
surface waters.

4. DISCUSSION

The observations on chlorophyll distribution in the Baltic waters have 
enabled us to form ulate some regularities. The course of variations in 
the concentration of chlorophyll in an annual cycle, which is presented  
in Fig. 5, w ill probably be (with but slight differences) the same in the 
w hole area of the Baltic Sea, i.e., after a period of low chlorophyll con­
centrations in winter, w hen the surface waters get rich in nutrients, 
there occurs a prompt increase in the phytoplankton content ( B u c h ,  
G r i p e n b e r g  1938, H i c k e l  1967).

It has probably not been possible until now to register either the 
duration of the phytoplankton bloom or the maxim um  concentrations of 
chlorophyll during the blooming time in the open Baltic waters. At the 
phytoplankton blooming tim e in the Gdańsk Deep 20 m g/m 3 of chloro­
phyll were recorded on April 7, 1971, whereas N e h r i n g ,  F r a n c k e  
(1971) noted 12 m g/m 3 of chlorophyll during the phytoplankton bloom  
in the Gottland Deep in May 1970. From these data it follow s that the 
m axim um  chlorophyll concentrations at the blooming tim e of phyto­
plankton happen to be different and likewise the time of blooming start 
happens to be dependent on clim ate-and-weather conditions. For instan­
ce, in the Gulf of Finland and the Gulf of Bothnia the phytoplankton  
bloom is likely to start later (B a g e, N i e m i  1971, N e h r i n g  et al.
1969). http://rcin.org.pl
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In consequence of the warming up of waters in the spring season 
there is an increase in quantity of Zooplankton. The largest losses of 
chlorophyll in summer, when the phytoplankton production is high, may 
be ascribed to the grazing of phytoplankton by Zooplankton ( S c h m i d t -  
-R i e s 1939, S c h n e s e 1971).

Another regularity worth mentioning is the characteristic distri­
bution of chlorophyll observed in the Gdańsk Deep in late spring, sum ­
mer and autumn. Starting from the estuary of the Vistula River towards 
the Gdańsk Deep, a progressive decrease in the chlorophyll concentration  
is observed. A similar phenomenon seems to occur also in the Pom e­
ranian Bay ( N e h r i n g ,  F r a n c k e  1971). Great chlorophyll concentra­
tions in the areas of river estuaries may be explained by the fertilizing  
effect of the pollutions brought in by the rivers (A n d r u 1 e w i c z et al. 
1972, M a j e w s k i  et al. 1972). The concentrations of chlorophyll in the 
G ulf of Finland greater than the average for the open Baltic Sea seem  
also to be the result of waste waters inflowing from the nearby large 
urban agglomerations ( B a g g e ,  L e h m u s l u o t o  1971).

Apart from the phytoplankton blooming time which most frequently  
takes place in spring and autumn, the characteristic chlorophyll con­
centration values for the open waters of the proper Baltic Sea in the 
previous years were probably approximate to those presented in this 
study. This seems also to be confirmed by the sporadic measurem ents 
carried out by N e h r i n g  et al. (1971) and L e s s i n g ,  N i e m i  (1971).
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5. SUMMARY

The vertical d istribution  of chlorophyll in w aters of the Baltic Sea varied  
w ith in  the annual cycle. D uring the spring and sum m er tim e the chlorophyll 
content of the euphotic layer was h igher than th a t of the deeper w aters, w hereas 
in au tum n and w inter no essential differences in chlorophyll concentrations w ere 
found a t any of the various depths w ithin the  investigated w ater layer down to 
50 m depth. In the G dańsk Deep seasonal differences in chlorophyll concentrations 
w ere observed which in 1971 w ere caused by two phytoplankton blooms, the  one 
in A pril, the other in November. D uring the two cruises to the Baltic, M ay 20-June 
19, and Septem ber 7-October 1, 1971, the following sta tem ents w ere made:

In the area of the southern  Baltic, the regions from  the Bornholm  Deep in 
west, through the Słupsk F urrow  to the G dańsk Deep in east w ere characterized 
by chlorophyll concentrations am ounting to 2 m g/m 3 in spring.

The inshore w aters of the w estern  Baltic situated  fa r aw ay of estuaries w ere 
in the spring season of 1971 characterized by low er chlorophyll concentrations 
than  the off-shore w aters.
2 — H y d ro b io lo g ia  nr 2 http://rcin.org.pl
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In close vicinity of the estuaries of large rivers high concentrations of chlo­
rophyll w ere observed which gradually  decreased tow ard the  open sea.

Also in the G ulf of F inland the chlorophyll concentrations w ere higher than 
th e  m ean for the open Baltic Sea.

A t the end of the  spring the m ost of the cen tral Baltic area showed the 
chlorophyll concentrations to be nearly  uniform  and am ounting to about 1.5 mg/m3.

In Septem ber 1971, the surface w aters of the northern  p a rt of the G otland Deep 
had chlorophyll concentrations ranging from  2 to 3 m g/m 3.

6. STRESZCZENIE

Rozmieszczenie pionowe chlorofilu w wodach B ałtyku zm ieniało się w cyklu 
rocznym. W okresie wiosny i la ta  obserwowano w strefie  eufotycznej większe 
ilości chlorofilu aniżeli w głębszych w arstw ach wody, natom iast jesienią i zimą 
w  przebadanej w arstw ie wody do 50 m nie stw ierdzono istotnych różnic koncen­
trac ji chlorofilu na poszczególnych głębokościach. W Głębi G dańskiej zaobserw o­
w ano różnice sezonowe koncentracji chlorofilu, które w 1971 r. były spowodowane 
dwoma zakw itam i fitoplanktonu, w kw ietniu i listopadzie. W czasie dwóch rejsów  
na obszarze Bałtyku w  okresach 20.V-19.VI.1971 i 7.IX-1.X.1971, stw ierdzono, że:

Na obszarze południowego Bałtyku, rejony od Głębi Bornholm skiej poprzez 
Rynnę Słupską do Głębi G dańskiej, w  okresie wiosny, charakteryzow ały  się kon­
cen tracjam i chlorofilu wynoszącym i 2 m g/m 3.

Akweny przybrzeżne zachodniego B ałtyku oddalone od u jść rzecznych charak­
teryzow ały się w iosną 1971 r. m niejszym i koncentracjam i chlorofilu aniżeli obszary 
o tw arte  Bałtyku.

W bezpośredniem  sąsiedztw ie u jść dużych rzek notowano duże koncentracje 
chlorofilu, które m alały w m iarę oddalania się od ujść rzek w k ierunku  pełnego 
morza.

W iększe od przeciętnych na B ałtyku koncentracje obserwowano rów nież w Za­
toce Fińskiej.

W iększa część środkowego B ałtyku w  końcowym okresie wiosny posiadała 
w  przybliżeniu jednakow e koncentracje chlorofilu, ok. 1,5 mg/m3.

We w rześniu 1971 r. wody powierzchniowe północnej części G łębi Gotlandzkiej 
zaw ierały koncentracje chlorofilu od 2 do 3 m g/m 3.
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ABSTRACT

R elationship between LAI and shoot production value was studied. P lan t m ateria l 
was sam pled in 1969 during a period of the  m axim um  biom ass (August 15 -  Sep­
tem ber 15) in 49 stations in ten lakes of the M azurian Lakeland. 233 sam ples 
w ere analysed in total. I t was sta ted  th a t shoot production increases w ith the 
increase in LAI value. This dependence was found to be significant and in the 
firs t approxim ation — rectilinear. The reed-belts situated  a t the  wooded shores 
w ere less productive than  the others. The ra tio  of shoot production to LAI was 
not stab le and decreased as LAI value increased.

1. INTRODUCTION

In the  recent years, attention  has been given to the research  on productiv ity  
of n a tu ra l p lan t com munities. One of the  ecosystems investigated  w ith in  the In ­
te rna tional Biological Program m e is Phragm ites com m unis  Trin. communities.

Reed belonging to helophytes from  an ecological point of view, is a predo­
m inating  species in litto ra l of the M azurian lakes. In the Lake Sniardw y, reed
constitu ted  80% of biomass of em ergent plants, and its p roductiv ity  was 4.3 t dry 
w eight per ha of a reed-belt ( B e r n a t o w i c z  et al. 1968). In the M ikołajskie 
Lake, it  occupied 82.4% of the area overgrow n by helophytes, and its producti­
v ity  was 6.7 t dry w eight per ha ( K o w a l c z e w s k i ,  W a s i l e w s k i  1966).

One of the m ost im portan t m orphological adaptations of the vascular p lants 
to gas exchange and photosynthesis, is the enlargem ent of the ir surface area by 
form ation of leaves flattened  strongly. In  • m ost plants, surface area of 1 cm8
of leaves is betw een 30 cm2 (Picea) and 200 cm2 (Prenathes) ( S t r e b e y k o  1970).

The aim of the presen t paper is to investigate the  in terdependence betw een 
the leaf area index (LAI) and the shoot production of reed (Phragm ites com m unis 
Trin.).

2. MATERIALS AND METHODS

The investigations w ere m ade a t 49 stations in 10 lakes of M azurian Lakeland 
(Fig. 1, Table I). Only those reed stations w ere investigated in w hich other plants 
w ere not more than  5% of the to ta l biomass. P lan t m ateria l was sam pled from  
pu re  reed-belts of an area not less th an  100 m 2 ( P r o j e c t  P h r a g m i t e s  1969).

Biom etrical characteristics of the  cross-section of a reed-belt point to close 
dependence between the level of w ate r surface and the  stalk  length, as well

This w ork w as supported w ith  the Polish Academy of Sciences w ithin the 
project PAN 09.1.7.4/1 b.
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258 F. Szajnow ski

Fig. 1. D istribution of the sam pling stations. Thickened shoreline — wooded shores, 
arabie num erals — station  num bers, Rom an num erals — lake num bers (cf. Table I)

as betw een the level of w ater surface and the size of assim ilating area of reed 
( G e i s s l h o f e r ,  B u r i a n  1970). G o r h a m ,  P e a r s a l l  (1956) found th a t p lan t 
mass is also in close connection w ith the level of w ater surface. To m ake the 
m ateria l com parable, all the samples w ere taken  from  the sam e depth (0.5 m).

P lan t m ateria l was sam pled in the period of m axim um  biom ass (Aug. 15-Sept. 
15, 1969). According to P r o j e c t  P h r a g m i t e s  (1969), it was assum ed tha t 
a reed-be lt was sufficiently  represented  by 5 p lan t samples, each draw n from  
the area of 1 m 2. P lan t m ateria l was taken  w ith  0.25 m 2 fram e used for estim ation 
of helophyte density. M aterial taken fourfold by the fram e (1 m 2) was considered 
as one sam ple. Reed stalks w ere cut a t the bottom. Im m ediately  afte r cutting, 
length of particu la r stalks was m easured. S talk  length was defined as a distance 
between the bottom end of a p lan t and the base of panicle, or, if no panicle, the 
uppest leaf.

For fu rth e r investigations, a rep resen ta tive  subsam ple was prepared consi­
sting in 10% of the m ateria l sam pled from  1 m 2. A subsam ple was arranged in
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Table I. Characteristics of the lakes under investigations

I

No.
(cf. fig. 1)

..ake

Name
Station

No. Limnological type
A rea (ha) 

(acc. to Olsze­
wski, Paschal- 

ski 1959)

I Jagodne 1—6 eutrophic, holomictic 936.0
II Szymon 7 - 8 eutrophic, polymictic 181.1

III Kotek 9—11 eutrophic, polymictic 42.2
IV Tałtowisko 12—17 m esotrophic, holomictic 323.5
V Skonał 18 -2 0 eutrophic, holomictic 20.0

VI Tałty 21—30 eutrophic, holomictic 1162.0
VII M ikołajskie 31—39 eutrophic, holomictic 460.0

VIII Bełdany 40 — 42 eutrophic, holomictic 780.0
IX Sniardw y 4 3-47 eutrophic, polym ictic 10,588.4
X Lisunie 48—49 eutrophic, polym ictic 14.8

the  following way: all the sam pled plants w ere set in order of increasing length 
and  then  each ten th  p lan t was taken  out; a tten tion  was paid to leave the same 
num ber of the shortest and the longest stalks. Before a subsam ple was brought 
to the laboratory, leaf blades w ere separated  from  the ir sheaths. To avoid leaves 
getting dry before their area had been m easured, stalks w ere kep t in foil bags 
w ith  some w ater.

Leaf area was estim ated according to S z c z e p a ń s k i  (unpublished) using 
the form ula:

p = 0.57 • I • d

w here: p — leaf area, 0.57 — coefficient of difference betw een the area of a respec­
tiv e  rectangle and the p ractical leaf area, I — m axim um  leaf length, d — m ax i­
m um  leaf breadth.

Only those leaves w ere m easured, of w hich green area w as more than  50% 
of the to tal area. For estim ation of the leaf area index, leaf surfaces w ere recal­
culated per area un it of a reed -be lt (1 m 2).

Before weighing, p lan t m ateria l was dried a t 85°C to constant weight. Leaf 
biom ass and sta lk  biomass w ere m easured separately  for p articu la r subsamples. 
The sum  of biomasses of leaves and stalks w ith panicles and sheaths per area 
un it of a reed-belt (1 m 2) was assum ed as shoot production. Confidence h a lf-in ­
te rva ls for correlation coefficients, regression coefficients and m ean values w ere 
calculated a t p =  0.95 level. Using x2 consistence test by Pearson, it was estim ated 
w hether d istributions of particu la r param eters w ere d ifferent from  the norm al 
d istribu tion  or not. D istributions of investigated param eters w ere com pared 
according to m ethod of Kolmogorov, Sm irnov (P e r  k a 1 1967).

3. RESULTS

L EA F A R E A  IN D E X  (LAI)

No significant difference w as found between theoretical (normal) and 
empirical (presented) distributions of LAI (Fig. 2 A).

Leaf area per 1 m 2 of a reed-belt (LAI) from 233 samples was on the 
average x  =  227 ± 13 dem2 (confidence half-interval). The least value, 
18 dcm2/m 2, was found in station 14 (Lake Sniardwy), and the highest 
one, 521 dcm2/m 2, in station 10 (Lake Kotek). The standard deviation  
of LAI was 5^ = 103  dcm2/m 2, thus 45°/o of the mean value.

It was not comprised in the aim of the present paper to estim ate 
w hether the investigated material has been representative for homoge*
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Fig. 2. Fraquency d istribu tion  of leaf area index (A), shoot production (B) and 
leaf production (C). 1 — theoretical distribution , 2 — em pirical distribution

nous population; however, it was found that LAI value was lower in 
reed-belts situated at the shores overgrown with coniferous forests than 
in the other reed-belts. Mean LAI value for 103 samples from reed-belts 
adjoining forests was x  — 208 ± 20 dcm2/m 2, while for other 130 samples 
x =  242 ± 18 dcm2/m 2. The significant difference for these values was 
at p =  0.95 level. Comparison of LAI distributions for both groups 
showed the significant difference (Fig. 3 A). Standard deviations for both 
groups were nearly the same: Sx =  102 and Sx =  101 dcm2/m 2, respecti­
vely. LAI for stations adjoining forests were more diversified; coefficient 
of variability was v = ( S x • 100%) : x  =  49°/o, w hile for the others v =  42%.

Mean LAI values in particular stations w ere less diversified than  
those in the samples. Standard deviation of mean LAI values for 49 sta­
tions was Sx= 86 dcm2/m 2 and coefficient of variability v =  38%. The 
low est mean LAI value, x —21 dcm2/m 2, was found in station 48 (Lake 
Lisunie). This station was localized in a reed-belt situated in a distance
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Fig. 3. C um ulative frequencies of leaf area index (A), shoot production (B) and 
leaf production (C). 1 — the stations a t the wooded shores, 2 — the other stations.

D0.o5 — m axim um  difference a t confidence 10 =  0.05

of 100 m from the west shore, in a central part of the lake (Fig. 1). Its 
bottom sedim ent consisted in about 90% of calcium carbonate ( P l a n t e r  
unpublished). The highest mean LAI value, x = 4 1 0  dcm2/m 2, was found 
in station 32 (Mikołajskie Lake). This station was localized in the 50X20 m 
reed-belt, situated at the w est shore of the lake (Fig. 1). Its bottom was 
dense, sandy w ith small amount of reed detritus.

SH O O T PR O D U C T IO N

No significant difference was found between theoretical (normal) and 
empirical (presented) distributions of shoot production values (Fig. 2 B).

Mean shoot production value calculated from 233 samples was 
y =  7 59± 45  g dry w t./m 2, and ranged from 58 to 1998 g dry w t./m 2. 
Standard deviation was S y = 306  g dry w t./m 2, thus 45% of the mean  
value.

Significant difference was found between distributions of shoot pro­
duction values in reed from reed-belts adjoining forests and that from  
the other reed-belts (Fig. 3 B). Mean values for both groups were also 
significantly different: y =  659 ± 6 0  and y =  838 ± 6 2  g dry w t./m 2, respec­
tively. Standard deviations were S y —306 and S y= 3 5 4  g dry w t./m 2, 
respectively. Shoot production of reed growing at wooded shores was 
more diversified: coefficient of variability was v =  46%, w hile for the 
other reed-belts v=42% .

Mean shoot production values in particular stations were less diver­
sified than those in the samples. Standard deviation of mean shoot pro­
duction values for 49 stations was S y=:250 g dry w t./m 2, and coefficient 
of variability v =  33%.

The least production value, y = 1 1 9  g dry w t./m 2, was found in station
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18 in Lake Lisunie (the low est LAI value w as found there, as w ell). 
The highest production value, i/ =  1477 g dry w t./m 2, was found in sta­
tion 15 (Lake Taltowisko). This station was localized in a reed-belt 
30X200 m, situated at the south-eastern lake shore (Fig. 1). Its bottom  
was dense, sandy with gravel admixtures.

L E A F PR O D U C TIO N

Leaf production amounted, on the average, about 22°/o of shoot pro­
duction. Mean leaf production value calculated from 233 sam ples was 
y = 1 6 7 ±  10 g dry w t./m 2, ranging from 18 to 513 g dry w t./m 2. Standard  
deviation was S y — 16 g dry w t./m 2, thus 46°/o of the mean value. No 
significant difference was found between theoretical (normal) and em pi­
rical (presented) distributions of leaf production values (Fig. 2 C).

Significant difference was found between distributions of leaf pro­
duction values in reed from reed-belts adjoining wooded shores and that 
from the other reed-belts (Fig. 3 C). Mean values for both groups were  
also significantly different: y  —144 ± 1 2  and y  —186 ± 1 4  g dry w t./m 2, 
respectively. Standard deviations were S y =  64 and S y= 8 0  g dry w t./m 2, 
respectively. Coefficients of variability were nearly the same: v =  44°/o 
and v =  43°/o, respectively.

Standard deviation of mean leaf production values for particular 
stations was S y =  65 g dry w t./m 2, and coefficient of variability was 
v =  39°/o. The lowest production, y  =  29 g dry w t./m 2, was found in station  
48 (Lake Lisunie). The highest value, y  =  350 g dry w t./m 2, was found  
in station 24 (Talty Lake) which was situated on the land, at 5 m from  
the water level (Fig. 1). Its bottom w as soft w ith  a lot of reed detritus.

4. DISCUSSION

Shoot production values for particular lakes were similar to those 
found by other authors. B e r n a t o w i c z ,  P i e c z y ń s k a  (1965) gave 
mean value of 915 g dry w t./m 2 for central parts of reed-belts in Lake 
Taltowisko for 1962—1963, and in the present investigations it was 
844 ± 15 g dry w t./m 2. K o w a l c z e w s k i ,  W a s i l e w s k i  (1966) found  
that in 1963 mean shoot production in the central part of reed-belts in 
Mikołajskie Lake was 690 g dry w t./m 2. In the present investigations it 
was 732 ± 87 g dry w t./m 2.

In 1969, shoot production value was 759 ± 45 g dry w t./m 2 (the mean 
of all the sampled reed-belts). Shoot production value of Swedish lakes 
in 1961—1964 calculated from data by B j ö r k  (1967), was similar 
(707 ± 182 g dry w t./m 2). Somewhat higher production value (943 g dry 
w t./m 2) was found in Kazakstan (D e m i d o v  s k a y  a et al. 1964). The 
highest shoot production values w ere given by R u d e s c u et al. (1965) 
for Danube Delta — about 1400 g dry w t./m 2 and by D y k y j o v ä  (1971) 
for littoral of a fishpond — 1481 g dry w t./m 2.
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The mean LAI value for all the sampled reed-belts was found to be 
227 ± 13 dcm 2/m 2. Recalculation of B j ö r k  (1967) data gave somewhat 
higher value of 238 ± 63 dcm 2/m 2 for the Swedish lakes in 1961—1964. 
The difference between both values is insignificant statistically.

The significant, in the first approximation, rectilinear dependence 
was stated between green leaves’ area and shoot production of reed

Fig. 4. R elationship  betw een leaf area index (LAI) and shoot production. A — the 
present paper, B — recalculated  from  B j o r k  (1967). 1 — rectilinear regression,

2 — curv ilinear regression
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(Fig. 4 A). Correlation coefficient r was 0.85 ± 0.04 and regression line  
can be expressed by the formula y =  (2.83 ± 0 .2 3 )x + 116. However, distri­
bution of measurement points in Fig. 4 A shows a rather curvilinear 
dependence. Statistical analysis confirmed this assumption. Coefficient 
of curvilinear correlation (r =  0.88) was higher than that of rectilinear 
correlation and regression curve can be expressed by the formula 
^ =  9.73x°-8. Basing on B j ö r k  (1967) data, the correlation between LAI 
and shoot production of reed from Swedish lakes was calculated and 
a significant dependence was found (Fig. 4 B). However, in Swedish  
lakes, shoot production of reed was more closely connected with LAI 
value than that found at present in the Mazurian lakes; the correlation 
coefficient was higher (Table II) and regression line can be expressed  
by the formula y  =  2 .75x+52.

Sim ilarly to 'the present investigations, the coefficient of curvilinear  
correlation calculated from B j ö r k  (1967) data was high and amounted  
r =  0.99. The regression curve can be expressed by the formula 
y  =  3.59a;0-97. In both cases the exponent in the formula of regression

Table II. R ectilinear dependences between 
of reed

LAI and shoot production values

Data A djoining area
No. of 

sam ples 
(n)

Correlation 
coefficients 

(r )

Regression
coefficients

(a)

P resen t paper
Wooded
Unwooded
Total

103
130
233

0.84 ± 0.06 
0.85 ± 0.05 
0.85 ± 0.04

2.52 ± 0.50 
2.97 ± 0.52 
2.83 ± 0.23

Recalculated 
from  Björk (1967) 48 0.96 ± 0.02 2.75 ± 0.25

curve is close to 1, from which it results that the difference between  
a straight-line and a curve of regression is inconsiderable (Fig. 4 AB).

To facilitate the interpretation of the obtained results it can be 
assumed that the dependence between LAI and shoot production of reed 
has a rectilinear character.

It should be emphasized that both in the present and the Swedish  
data, coefficients of rectilinear regression w ere very similar (Table II). 
In both cases shoot production values have been increasing almost iden­
tically as the LAI values increased (Fig. 4 AB).

In the stations situated near the shores overgrown with forests, shoot 
production values were somewhat less correlated with LAI than in the 
others, and there were lower regression coefficients (Table II). Pro­
duction increment, with the LAI increase, is considerably lower in these
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Fig. 5. Relationship between leaf area index and shoot production (rectilinear 
regressions). 1 — the stations a t the wooded shores, 2 — the  other stations,

3 — m ean values

stations than in the others (Fig. 5). For exam ple, LAI equal to 200 
dcm2/m 2 corresponded to the shoot production value of about 640 g dry 
w t./m 2 in the stations of the wooded shores, whereas in the other sta­
tio n s— 714 g dry w t./m 2. The LAI value higher by 100%, i.e . 400 
dcm2/m 2 corresponded to 1144 and 1308 g dry w t./m 2, respectively. Thus 
in this case the 100% increase of LAI caused shoot production increment 
by 78.8 and 83.2%, respectively.

The course of rectilinear regressions between LAI and shoot pro­
duction testifies to unstable production/LAI ratio. The highest ratio was 
in reed-belts with low LAI and low shoot production values. For exam ­
ple, at LAI equal to 100 dcm 2/m 2 it was about 3.99 g of biomass per 
1 dem2 of leaf surface area. At fivefold higher LAI, 500 dcm2/m 2, bio­
mass of underground parts of reed falling to 1 dem2 of leaf area decrea­
sed to 3.06 g dry w t./m 2.

Sim ilarly the w eight ratio of stalks to leaves has changed. Coefficient 
of rectilinear correlation was r =  0.25 and rectilinear regression can be 
expressed by the formula y ——0.0032x+4.19. For comparative purpo­
ses, data of S z c z e p a ń s k a  (1973) w ere recalculated to find out the 
dependence between stalk and leaf biomasses. (Plant material was sam­
pled in Suwałki Lakeland in 1967). Correlation coefficient was r =  0.40, 
and rectilinear regression can be expressed by the formula y  =  —0.0033x+  
+  2.84. In both cases, these dependences were significant in spite of low  
correlation coefficients. It results from investigations of S z c z e p a ń -  
s k i (unpublished) carried out in a reed-belt of Mikołajskie Lake that 
m axim um  leaf biomass per area unit of a reed-belt is reached already 
about July 20, w hile m axim um  biomass of underground parts — onlyhttp://rcin.org.pl
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about August 28. As was mentioned above, the plant material from Su­
wałki Lakeland was taken in July, i. e. at the m axim um  leaf biomass. 
Probably it was one of the factors decreasing the stalks to leaves w eight 
ratio in Suwałki Lakeland. Here, the parallel course of rectilinear re­
gressions is characteristic (Fig. 6). It can be hardly supposed that the 
sim ilarity of regressions coefficients was accidental. The plant materials 
originated from the regions of d ifferent environmental conditions, as 
w ell as from different growing seasons and different stages of deve­
lopment.

Many authors call attention to the relationship of shoot production  
and the quantity of solar energy activating photosynthesis (PhAR) in 
plants during the whole vegetation season. According to N i ć i p o r o- 
v i ć (1970), in cultivated corn fields, the quantity of PhAR energy  
reaching the photosynthezing apparatuses decreases as the total leaf 
area increases. Similar investigations were made in a reed-belt by D y-  
k y j o v ä et al. (1970). It was found that the quantity of reaching 
energy decreases from upper to lower parts of a plant.

Leaves are one of the factors lim iting the PhAR quantity reaching 
the photosynthezing apparatus and therefore the more they are abun­
dant the less is the production value per area or w eight unit of leaves. 
Certainly, the absolute shoot production value was higher in the sta­
tions with great number of leaves since the lower leaves were also 
assim ilating in spite of less quantity of the reaching PhAR energy. 
In the stations situated at the wooded shores, quantity of reaching 
PhAR energy during a vegetation season was probably lower than in 
the other stations on account of the additionally shading role of forest. 
The results obtained in the present paper are in accordance with the 
observations by B i 11 m a n (1953), who has found that reed was deve­
loping poorly in the shade of inshore trees.

Fig. 6. R elationship  between stem  to leaves w eight ra tio  and leaf production. 
1 — the p resen t data, 2 — recalculated  from  S z c z e p a ń s k a  (1973), 3 — m ean

valueshttp://rcin.org.pl
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However, the shade was probably not the only factor lim iting the 
shoot production in the stations of wooded shores. It is known that 
lands unsuitable for agriculture have been afforested. Thus reed gro­
wing in the neighbourhood of such a forest has rather poor soil to its  
disposal.

Fig. 7. Relationship betw een le a f  
area index and shoot production 
(mean values for p articu la r lakes). 
1 — sm all eutrophic lakes influenced 
by surrounding forests, 2 — great 
lakes (more than  200 ha), 3 — other 
lakes. Rom an num erals — lake num ­

bers according to Table I

The present investigations were carried out only in few  lakes and 
therefore it cannot be stated whether there is a significant relationship  
between the trophic type of a lake and the shoot production. However 
the general tendencies can be observed. Considerably lower shoot pro­
duction was recorded in the stations of small eutrophic lakes influenced  
by a surrounding forest (Fig. 7). Mean shoot production in these lakes 
was y =  457±109  g dry w t./m 2. In the stations of small eutrophic lakes, 
not wooded, shoot production values were nearly twice as high (y =  
=  846 ±130 g dry w t./m 2). In these lakes, shoot production was similar 
to that of the great eutrophic lakes (y =  786± 50  g dry w t./m 2). The 
above results confirm the negative influence of forests on shoot pro­
duction value in the reed-belts.

5. SUMMARY

R elationship between LAI and shoot production value was studied. P lan t 
m ateria l was sam pled in 1969 during a period of the  m axim um  biom ass (August 
15—Septem ber 15) in 49 stations in ten  lakes of the M azurian Lakeland. 233 sam ­
ples w ere analysed in total. I t was stated  th a t shoot production increases w ith 
the  increase in LAI value. This dependence was found to be significant and 
in the firs t approxim ation — rectilinear.

The correlation coefficient was r=0.85±0.04 and s tra igh t-line  of regression 
can be expressed by the form ula y=(2.83±0.23) cc+116. The reed-belts situated  at 
the  wooded shores w ere less productive than  the others. The ra tio  of shoot p ro ­
duction to LAI was not stab le and decreased as LAI value increased.http://rcin.org.pl
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6. STRESZCZENIE

Przeprow adzono badan ia nad związkiem  LAI z produkcją trzciny. M ateriał 
roślinny do badań zebrano w 1969 r. w okresie m aksim um  biom asy (15.VIII-15.IX) 
z 49 stanow isk leżących w trzcinow iskach 10 jezior Pojezierza M azurskiego. 
Łącznie objęto analizą 233 próbki. Stwierdzono, że ze w zrostem  LAI w zrasta p ro­
dukcja łodyg. Zależność ta  okazała się istotna, w pierw szym  przybliżeniu prosto­
liniowa. W skaźnik korelacji wynosił r  =  0,85±0,04, a prosta reg resji w yrażała się 
wzorem  y  =  (2,83±0,23) x+116. Trzcinowiska leżące przy brzegach zalesionych były 
m niej p roduktyw ne niż pozostałe. S tosunek produkcji łodyg do LAI nie był stały 
i m alał ze wzrostem  LAI.
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ABSTRACT

The biom ass, organic m atte r content and calorific values w ere m easured in 
m acrophytes living in the litto ra l of the lakes of the Szeszupa drainage area 
(the Suw ałki-A ugustów  Lakeland). Both the m acrophyte biom ass and th e ir  calo­
rific values per an area un it of the litto ra l w ere estim ated, as well as organic 
m a tte r contents and the ir calorific values in the particu la r m acrophyte species.

1. INTRODUCTION

Intense investigations on energy flow through aquatic environm ent have made 
it necessary to learn  the energetic value of p lan t and anim al organism s living 
there.

In  all the  low land lakes, especially sm all and very  shallow, litto ra l m acro­
phytes are th e  m ain producers of organic m a tte r ( B e r n a t o w i c z ,  R a d z i e j  
1960). A considerable p a rt of them  reaches litto ra l and even profundal sedim ents 
when dying and is decomposed there  w ith  the participation  of bacteria. Some 
of the  m acrophytes, especially em ergent and floating species, are  the food of 
anim als. Thus the role of m acrophytes in energy transfer in w ater bodies is very  
im portant.

For estim ation of energetic values of m acrophytes, it is necessary to know 
the data  on the ir biological production and organic m a tte r content beside the ir 
caloricity ( W e s t l a k e  1965).

Percentage contents of proteins, fa t and carbohydrates in organic m a tte r of 
w ater p lan ts changes w ith in  a w ide range and the ir shares depend on species, 
cell physiology, environm ental conditions, and other factors. Therefore the  calo­
rific value of each p lan t species is different, and even particu lar organs of the 
same p lan t can d iffer in this respect ( B a r a s h k o v  1963).

The aim  of the presen t paper is to estim ate the biomass, organic m a tte r con­
ten t and  calorific values of some m acrophyte species and ecological p lan t groups 
living in the litto ra l of the  studied lakes, as well as to calculate the calorific 
value per an area un it of the littoral.

2. TERRAIN DESCRIPTION AND MATERIAL

The Suw ałki-A ugustów  Lakeland is situated  in the zone of the recen t Baltic 
glaciation; thus it is an area of the  glacial accum ulation. The region is composed 
of sedim ents orig inating  in the fron ta l m oraine. I t  is strongly undulated, its soils 
a re  loam y and a rela tive sm all area is overgrown w ith forests.

This w ork was supported w ith  the Polish Academy of Sciences w ith in  the 
project PAN 09.1.7.4/1 b.
3 — H y d ro b io lo g ia  nr 2 http://rcin.org.pl
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Close neighbourhood of fields under cultivation  and w et meadows as w ell 
as confluence of m any lakes by the num erous rivers and stream s are the reasons 
of trophic sim ilarity  of the lakes ( S t a n g e n b e r g  1937, S o b o t k a 1967).

14 lakes of the Szeszupa drainage area w ere investigated (Table I, P'ig. 1). 
They are  situated  in the area of Suw ałki d istrict, between 22°52.6' and 22°58.3'E 
and between 54°13.7' and 54°52.6'N, and they are num bered am ong Kleszczowieckie 
Lakes of the Suw ałki Lakeland ( S t a n g e n b e r g  1937).

Three among the investigated lakes w ere deep and tem perate eutropic lakes, 
n ine — eutrophic pond-like lakes, and two — a-m esotrophic lakes (Table I). The 
trophic types of the investigated  lakes are given according to S t a n g e n b e r g  
(1937) and to unpublished data of the Laboratory  of Ecological C hem istry a t M iko­
łajki.

W ater plants are abundan t in these lakes due to the ir m ostly eutrophic type, 
relatively  sm all areas and w ell developed shore-lines. The lakes are surrounded 
by a belt of litto ra l m acrophytes of g reat density, 5-15 m wide, w here Phragm ites 
com m unis  Trin. is a predom inating  species.

Two types of substra ta  w ere observed in the stations on the investigated 
lakes: one — soft, m uddy w ith  a g reat quantity  of p lan t detritus and the other — 
hard, sandy w ith a sm all quan tity  of organic detritus (Table I).

The following p lan t groups w ere recorded in the  sam pling stations: em ergent 
plants, subm erged plants, subm erged w ith floating leaves and floating plants.

The following species w ere investigated  in the particu la r p lan t groups: em er­
gent plants — Phragm ites com m unis  Trin., Carex rostrata  Stokes, Typha angusti- 
folia  L., Schoenoplectus lacustris (L) Palla, Sparganium  ram osum  Huds., Ram un- 
culus linqua  L., Acorus calam us L., E quisetum  lim osum  L.; subm erged p lan ts 
w ith floating leaves — N ym phea alba L., Nuphar lu teum  (L) Sm., Potamogeton  
natans L., Sagittaria sagittifolia  L.; subm erged plants — Potam ogeton lucens L., 
Elodea canadensis Rich., Lem na trisulca  L., M yriophyllum  spicatum  L., Fontinalis 
sp., H ippuris vulgaris L., Chara sp.; floating plan ts — H ydrocharis m orsus-ranae 
L., Stratiotes aloides L., Utricularia vulgaris L.

3. METHODS

P lan t m aterials w ere sam pled between 6th and 27th Ju ly  of 1967; in th is 
period m ost of the  species w ere in a stage of full developm ent.

Table I. Trophic characteristics of lakes and characteristics of bottom s of the
investigated stations

D etritus
Bottom Lake Trophic type

P lant P lan t and 
anim al

m
ud

dy

Gulbin

K am enduł
Łopuszek
Płam szyn
Okrągłe
Okrągłek
Potopy
Przechodnie
Udziejek

eutrophic, pond-like

+  +

+  +  +  
4*
H— b 
H— b

+
+  +  
+  +

Jeglówek
Kopane

deep, tem perate eutrophic 
deep, tem perate eutrophic

+
+

-o Pobondzie deep, tem perate eutrophic +£03 Jaczno a-m esotrophic +10 Szurpiły a-m esotrophic +

f  sm a ll q u a n tity , + +  g rea t q u a n tity , 4 + +  v e r y  g rea t q u a n tity
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Only one belt of m acrophytes was investigated in each lake. I t  was assumed 
th a t species composition in the whole litto ra l zone of a given lake w as sim ilar.

A sam ple consisted of all the p lan ts taken  from  an area of 0.25 m 2, each 
tim e from  the sam e depth of 0.5 m, w ith the use of a wooden fram e. 3 samples 
from  neighbouring areas w ere taken  from  each lake, and a m ean value for

http://rcin.org.pl
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a lake was calculated. 42 sam ples w ere taken  from  all the lakes. For an es tim a­
tion of dry w eight of m acrophytes, each sam ple (0.25 m 2) was recalculated  per 
area u n it (1 m 2).

The sam pled m ateria ls w ere dried provisionally in the field, and then a t 85°C, 
to constant weight, and afte r th a t their dry  weights w ere m easured.

In the case of Phragm ites com m unis, calorific values of stalks w ith leaf 
sheaths and separately  th a t of leaf blades w ere estim ated. The calorific value 
of aboveground parts of Phragm ites com m unis  was estim ated by the m ethod 
of the weighed m eans on the basis of both calorific values of stalks and leaves, 
and the ir shares in the dry weight, according to the form ula:

a • K s + b • k\
i + b -------

w here: a — dry w eight of stalks, b — dry w eight of leaves, k s — calorific value 
of stalks, /ci — calorific value of leaves, K a — calorific value of the aboveground 
part. The shares of leaves and stalks in dry w eight of aboveground parts w ere 
estim ated in each sample.

Calorific values of p lan t m ateria ls w ere estim ated by burn ing  in a KL-3 
adiabatic calorim eter, and then by calculating from  the therm ic balance of the 
system, according to the sim plified form ula by Regnault and P faundler (S w  i ę - 
t o s ł a w s k i  1952). Calorific values of p lan ts are given in calories per 1 g of dry 
w eight and of organic m atter, and in kcal per 1 m 2 of litto ra l area. Total calorific 
value of 1 m 2 of litto ra^  area was calculated on the basis of th a t of p articu la r 
p lan t species and their dry w eight obtained for each sam pling station.

Organic m atte r content was estim ated by dry burning ( P i p e r  1957) in a m uffle 
fu rnace a t 550°C. The resu lts are given in per cent. Organic m a tte r content and 
its calorific value w ere not estim ated in floating plants, because the ir quan tity  
was insufficient.

S tatistical analyses of the sam pled m ateria l w ere m ade according to P e r  k a 1 
(1967). Estim ations of the m ean values and significance of differences w ere m ade 
at confidence level of 0.95 for P. com m unis, S. lacustris, C. rostrata  and E. lim o-  
sum . For the other species estim ations of the m ean values w ere impossible due 
to sm all num bers of burnings.

4. RESULTS

B IO M A SS (T able  II)

Emergent plants were found in all the stations of the investigated  
lakes and made up 57—100°/o of the total biomass. The least biomass 
of em ergent plants w as recorded in Lake S zu rp ily— 184.6 g/m 2, and the 
greatest in Lake Gulbin — 968.0 g/m 2. The most common species was 
Phragmites communis  which was the only species in the stations of lakes 
Kopane and Jeglówek.

Submerged plants w ith floating leaves were adm ixtures among littoral 
macrophytes. Their biomasses in particular stations were from 1.1 g/m 2 
in Lake Szurpily to 139.0 g/m 2 in Lake Potopy. They were not found  
at all in four lakes. Their share in the total biomass was lesser than 
that of the em ergent plants.

The share of submerged plants in the total biomass (14°/o on ave­
rage) was higher than that of the submerged plants; they were also 
an admixture among littoral macrophytes. They were found in nine 
of the investigated lakes and their biomasses were from 0.4 g/m 2 in Lake 
Jaczno to 140 g/m 2 in Lake Szurpily.

The floating plants were found in the littoral of the four investigated
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Table II. Dry w eight of m acrophytes of the investigated lakes

Lake
Total

biom ass
Em ergent Subm erged w ith 

floating leaves Subm erged Floating

(g/m2) g/m 2 % g/'m2 ,0 g/m2 % g/m2 0/
to

G ulbin 979.0 968.0 98.99 11.0 1.11 0 0 0 0
Potopy 925.0 709.0 76.65 139 0 15.00 76.9 8.30 0.1 0.02
Pobondzie 661.2 644.0 97.40 17.2 2.60 0 0 0 0
Łopuszek 648.9 584.8 90.13 47.2 7.30 2.1 0.32 14.8 2.25
Udziejek 644.8 643.1 99.90 0 0 1.7 0.10 0 0
Płam szyn 626.8 534.0 85.18 9.3 1.82 83.5 13.00 0 0
K am enduł 574.5 528.0 91.90 0 0 46.4 8.10 0 0
Jaczno 508.1 497.7 98.00 10.0 1.88 0.4 0.12 0 0
O krągłek 431.0 314.4 72.94 10.8 2.51 104.1 24.00 1.7 0.55
Okrągłe
Przecho­

399.0 372.2 93.30 26.8 6.70 0 0 0 0

dnie 394.1 272.0 68.90 6.8 1.70 115.3 29.40 0 0
Jeglów ek 333.6 333.6 100.00 0 0 0 0 0 0
Kopane 332.0 332.0 100.00 0 0 0 0 0 0
Szurpiły 326.5 184.6 56.60 1.1 0.40 140.5 42.90 0.3 0.10

Mean 556.0 494.0 87.80 27.9 4.10 63.43 14.00 4.2 0.70

lakes and their shares in the total biomass w ere insignificant (0.7°/o 
on average). The highest share of floating plants in the total biomass was 
recorded in the station of Lake Łopuszek.

The least total biomass was found in Lake Szurpily —  326.5 g/m 2, 
the highest one —  979 g/m 2 —  in Lake Gulbin. The mean value of total 
biomass calculated from the values for particular stations was 556 g/m 2.

O R G A N IC  M ATTER

In Phragmites communis, organic matter content was measured sepa­
rately in leaves and stalks (Table III). In stalks it was from 93.6%  
in Lake Okrągłek to 97.3% in Lake Jeglówek. It was lesser in leaves 
than in stalks by 5.8% on the average. In the aboveground part, organic 
m atter content was from 91.3% in Lake Okrągłek to 96.1% in Lake 
Kopane.

In the other em ergent plants, organic matter contents were between  
84.8% (Equisetum limosum ) and 93.2% (Typha angustijolia) (Table IV). 
The average value for all the investigated em ergent species was 90.2%.

In submerged plants w ith floating leaves, organic matter content 
was lesser than that of em ergent plants —  83.2% on the average. It was 
from 80.7% in Potamogeton natans to 87.1% in Nuphar luteum  
(Table IV).

The least organic m atter content was found in submerged plants 
(61.2% on the average). Among them the least value was recorded in 
Hippuris vulgaris — 39.9%, and the highest one in M yriophyllum  spi 
catum  —  70.6% (Table IV).
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Table III. Organic m atte r contents in Phragm ites com m unis

Lake Leaves
CD

Stem s
CD

Aboveground p art
CD

Gulbin 89.9 95.4 94.5
Jaczno 89.4 95.5 94.2
Jeglów ek 90.0 97.3 95.5
K am enduł 91.4 95.6 94.5
Kopane 94.6 96.5 96.1
Łopuszek 88.2 94.5 92.8
Okrągłe 90.6 95.7 94.2
O krągłek 88.7 93.6 91.3
Płam szyn 87.3 95.3 92.5
Pobondzie 87.8 95.8 93.5
Potopy 89.0 95.8 93.9
Przechodnie 87.8 94.2 92.6
Szurpiły 90.7 94.7 93.9
Udziejek 87.4 94.0 91.5
Mean 89.5 • 95.3 93.6

CALO RIFIC V A L U E  OF THE D R Y  W EIG H T

In Phragmites communis, the calorific values of dry weight of leaves 
and stalks were similar (Table V). The mean calorific value of leaves 
estim ated from 121 burnings was 5 = 3 9 4 7  ±50.8  (confidence half-inter­
val) cal./g; and the coefficient of variability c.v. was 7.1°/o. The mean  
calorific value of stalks estim ated from 121 burnings was x =  4005±34.9  
(confidence half-interval) cal/g and c.v. was 4.9°/o. Both the highest 
and the least calorific values of dry weight of leaves w ere found in the 
pond-like eutrophic lakes. The mean calorific value of aboveground  
parts w as 5 = 3 9 8 8  ±33.1 (confidence half-interval) cal/g, c.v. =  4.5%.

In Schoenoplectus lacustris, the mean calorific value of the dry 
weight estimated from 66 burnings was 5  =  3797 ±95.5 cal/g, and in 
Carex rostrata  (33 burnings) 5  =  3690 ±77.1 cal/g. C.v. w ere 22.0% and 
6.0°/o, respectively. In Equisetum limosum  (45 burnings) it was 5 =  3152 ± 
±61.3 cal/g and c.v. =  6.4%.

Thus the highest calorific value among the four species w as that 
of Phragmites communis, and the least one —  that of Equisetum limo­
sum. The differences betw een P. communis  and the others and betw een  
E. limosum  and the others are statistically significant. However, the 
differences betw een calorific values of Schoenoplectus lacustris  and 
Carex rostrata  (the second and the third place in order of decreasing 
value) are insignificant.

In the other em ergent plants, calorific values of dry w eight were

http://rcin.org.pl



Table IV. Calorific values and organic m atte r contents of m acrophytes in the 
investigated lakes (± confidence half-in terval)

Group of 
plants Species

Calorific value (cal/g dry wt. Organic
Total Organic m atter ($)

E
m

er
ge

nt

Phragm ites com m unis 
Sparganium  ramosum  
Schoenoplectus lacustris 
T ypha angustifolia  
Carex rostrata  
R anunculus linqua 
Acorus calamus 
E quisetum  limosum

3988 +  33 
3751 

3797 +  96 
3836 

3690 4- 77 
3517 
3250 

3152 ±  61

4281 ± 7 4  
4281 

4112 +  70 
4107 

4010 +  88 
3951 
8548 

3757 ±  76

93.6
87.7 
91.3 
93.2
90.5 
89.0
91.6
84.8

e/i
> > CT3TJ 0)0) -H
QJ C
£ A

N ym phea alba 
Nuphar luteum  
Potamogeton natans 
Sagittaria sagittifolia

3247
3207
3069
3037

3967
3647
3762
3376

83.5 
87.1 
80.7
81.5

’S ° 
cn ^

S
ub

m
er

ge
d Potamogeton lucens 

Elodea canadensis 
Lem na trisulca  
Fontinalis sp. 
M yriophyllum  spicatum  
H ippuris vulgaris 
Chara sp.

2747
2054
1999
1855
1706
980
628

3091
3018
2982
3274
2454
1164

67.9
67.9
64.7 
70.6
39.9
55.8

F
lo

at
in

g

H ydrocharis m orsus-ranea  
Stratio tes aloides 
Utricularia vulgaris

1619
1544
1416

—
—

— n o data .

Table V. Calorific values of leaves and stalks of Phragm ites com m unis

Lake
Calorific value (cal/g dry wt.)

Leaves Stalks Aboveground part
Total O rganie Total Organic Total Organic

Gulbin 4062 4515 3958 4150 4019 4364
Jaczno 4053 4576 3974 4166 3983 4176
Jeglówek 4014 4458 4031 4142 4028 4214
Kam endul 3909 4275 4044 4242 4019 4256
Kopane 4145 4380 4137 4288 4139 4348
Łopuszek 4030 4568 3863 4012 3897 4196
Okrągłe 3471 3830 3932 4112 3798 4032
Okrągłek 3808 4124 4267 4268 4095 4129
Płamszyn 4012 4474 3874 4063 3900 4212
Pobondzie 3864 4279 4182 4364 4134 4322
Potopy 3933 4418 4010 4188 4003 4341
Przechodnie 4129 4704 3773 4007 3882 4194
Szurpiły 3979 4412 4068 4224 4008 4241
Udzie jek 3855 4412 396C 4216 3926 4270

[275]
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from 3250 cal/g in Acorus calamus to 3836 cal/g in Typha angustifolia 
(Table IV).

The mean calorific value of the em ergent plants was the highest 
when compared w ith the other plant groups — 3621 cal/g dry w eight 
(Fig. 2).

In the submerged plants w ith floating leaves, calorific values w ere 
from 3037 cal/g in Sagittaria sagittifolia  to 3247 cal/g in N ymphea alba. 
The mean value in this group was 3140 cal/g, thus it was lower than 
that for the em ergent plants (Fig. 2).

In the seven submerged plants found out, the calorific values were  
from 628 cal/g in Chara sp. to 2747 cal/g in Potamogeton lucens. The

Fig. 2. Calorific values of th e  ecological groups of m acrophytes. 1 — organic 
m atter, 2 — dry m atter. A — em ergent plants, B — subm erged p lants w ith floating 

leaves, C — subm erged plants, D — floating p lants

mean value for this group was 1710 cal/g, thus lower than that for the 
two above groups.

The floating plants w ere found very rarely and in small amounts. 
The calorific values of particular species of this group were similar 
to that of submerged plants (Table IV). The mean calorific value of this 
plant group was 1526 cal/g, thus the low est among the four groups 
(Fig. 2).

G ENERAL N U M BER  OF K C A L PER 1 M2 OF LITTO RAL

The general number of kcal per 1 m 2 of the littoral area of the inves­
tigated lakes was determined on the basis of measurem ents of both 
the dry weight of macrophytes and their calorific value. It was from  
992 kcal/m 2 in Lake Szurpily to 3762 kcal/m 2 in Lake Gulbin (Table VI).
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Table VI. G eneral num ber of kcal per 1 m 2 of litto ra l in the investigated lakes

Lake Total calo­
rific value

G roup of plants

Em ergent
S u b m e r g ed  
with floa­
ting leaves

Subm erged F loating

Gulbin 3762 3758 4 0 0

Potopy 3396 2753 459 183 1

Pobondzie 2635 2573 62 0 0

Udziejek 2523 2521 0 0 2

Lopuszek 2333 2277 37 17 2

K am enduł 2216 2126 0 90 0

Płam szyn 2204 2054 26 124 0

Jaczno 1731 1703 27 1 0

Okrągłe 1486 1237 249 0 0

O krągłek 1484 1230 33 215 6

Przechodnie 1320 1041 18 261 0
Jeglów ek 1289 1289 0 0 0
Kopane 1119 1119 0 0 0
Szurpiły 992 694 3 294 1

The highest value was that for the em ergent plants, and the least —  that 
for the floating plants.

CALO RIFIC V A L U E  OF THE O RG ANIC M ATTER

The calorific values of the organic m atter w ere different in leaves 
and in stalks of Phragmites communis  (Table V). The mean value for 
leaves calculated from 120 burnings was y  =  4377±79.1 (confidence 
half-interval) cal/g, c .v .=  12.0°/o. That for stalks (118 burnings) was 
^ = 4 1 6 5 ± 7 7 .4  (confidence half-interval) cal/g, c .v .=  11.0%, thus being 
lesser than that of leaves by 212 cal/g. The mean value for aboveground  
parts of Phragmites communis was i/ =  4281±74.3  (confidence half-inter­
val) cal/g, c.v. =  10.0°/o.

The respective values for other em ergent plants were: for Schoeno- 
plectus lacustris  (63 burnings) y =  4112±69.9  cal/g, c.v. =  7.0°/o, for Carex  
rostrata  (33 burnings) y = 4 0 1 0 ± 8 8 .4  cal/g, c.v. =  6.0°/o, and for Equisetum  
limosum  i/ =  3757±75.5  cal/g, c.v. =  7.0°/o.

Thus the highest value among the four species was that of Phrag­
mites communis, and the least one —  that of Equisetum limosum. The 
differences betw een E. limosum  and the others and between P. com m u­
nis  and Carex rostrata  are statistically significant. However, the diffe­
rences betw een S. lacustris and P. communis or C. rostrata  are insigni­
ficant.

In the other em ergent plants, the calorific values of organic m atter
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were from 3548 cal/g in Acorus calamus to 4281 cal/g in Sparganium  
ramosum. The mean value for all the investigated em ergent plants was 
4006 cal/g, thus being the highest among all the plant groups (Fig. 2).

In the submerged plants w ith floating leaves, these values w ere from  
3376 cal/g in Sagittaria sagittifolia  to 3967 cal/g in N ym phea alba. The 
mean value for the group amounting to 3688 cal/g (Fig. 2) was lesser 
than that for the em ergent plants.

In the submerged plants, the mean values were from 1164 cal/g  
in Chara sp. to 3091 cal/g in Elodea canadensis. The mean value for the 
group was 2664 cal/g, thus being the least among all the plant groups 
(Table IV, Fig. 2).

5. DISCUSSION

It is necessary to estim ate the calorific values of plant and animal 
organisms living in the water biocenoses, when the energy flow  through 
such a biocenosis is studied. The following aquatic m aterials w ere hit­
herto investigated as to their calorific value: algae (e.g. B a r t o s  o v a ,  
K o n i ć e k  1967), plankton (e.g. O s t a p e n i y a  et al. 1967), macro­
phytes (e.g. S t r a ś k r a b a  1968), periphyton (e.g. S z c z e p a ń s k i  1968, 
S z c z e p a ń s k a  1970), bottom sedim ents (e.g. R y b a k  1969), animals 
(e.g. P r u s  1970). Many authors give the calorific values calculated  
from the chemical composition using certain coefficients, which is a rea­
son of considerable differences in the obtained results ( S z c z e p a ń s k i
1970). The more precise method of estim ation of calorific value, used 
in the present investigations, is the burning of organic material in a ca- 
lorimetric bomb.

The calorific value of dry weight of aboveground parts of Phrag- 
m ites communis found in the present investigations (mean value 3988 ± 33 
(confidence half-interval) cal/g) is similar to that found by S t r a ś k r a ­
b a  (1968) — 3870—4200 cal/g. G o l l e y  (1969) gave the value of 4220 
cal/g for the high mountain forests of tropical zone, and G ó r e c k i  
(1965) — 4194 cal/g for lichens of coniferous forests of the taiga. The 
comparison of the three given values show their close energetic sim ila­
rity, although the plant m aterials came from unlike environm ents. Mean 
calorific value of dry weight of Carex rostrata  (3690 ± 77 cal/g) is similar 
to that of Schoenoplectus lacustris (3797 ± 96 cal/g) and to that given  
by K a i s h i o  et al. (1961) for some species of meadow grasses (3500— 
-3 7 8 1  cal/g).

Organic matter content (85°/o) and calorific value of dry weight 
(3152 ±61 cal/g) in Equisetum limosum  are similar to that for the sub­
merged plants with floating leaves (Table IV). The latter value is lesser 
than that given by S t r a ś k r a b a  (1968) for Equisetum by about 
500 cal/g.
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The least calorific values of dry weight among the investigated  
species w ere that for Chara sp. (628 cal/g) and Hippuris vulgaris  (980 
cal/g). S t r a s k r a b a  (1968) gave m arkedly higher value for Chara sp. 
(1930—2080 cal/g) and also for Lemna trisulca. The differences have been 
probably caused by the presence of incrustations on the plants which' 
cannot be removed without damages in tissue structure.

The ecological groups of macrophytes are discussed separately due 
to the found differences in their calorific values (Table IV). The calo­
rific d ifferences between the ecological groups were discussed in the 
papers by S t r a s k r a b a  (1968) and S z c z e p a ń s k i  (1970). S t r a ­
s k r a b a  (1968) gave the following calorific values of dry weight: sub­
merged plants — 3620 cal/g, em ergent plants — 3950 cal/g, and submer­
ged plants w ith floating leaves — 4010 cal/g (no data for floating plants).

The values found in the present investigation are different from that 
of S t r a s k r a b a  (1968): floating p la n ts— 1526 cal/g, submerged
p la n ts—  1723 cal/g, submerged plants w ith floating leaves — 3140 cal/g, 
and em ergent plants —  3621 cal/g. The differences in calorific values 
of dry weight between the ecological macrophyte groups can be caused 
by differences in shares of proteins, carbohydrates and fat in particular 
plant species, by dissim ilarities in cell physiology related to environ­
m ental conditions, by differences in ash contents, etc. ( B a r a s h k o v  
1963).

The em ergent plants were the main component of the total macro­
phyte biomass in the littoral of the investigated lakes (Table II). Their 
mean share in the total biomass amounted to 88°/n, and som etim es 
it was equal to 100% (e.g. lakes Jeglów ek and Kopane). In the case 
of low er share of em ergent plants (Lake Szurpily —  57%), the total 
biomass in the station was the least (327 g/m 2). The shares of the other 
plant groups in the total biomass in the investigated stations were dis­
tinctly lower (0.7% — floating plants, 4% — submerged plants with flo­
ating leaves, 14% —  submerged plants). It is because the littoral zone is 
not a typical environm ent for submerged and floating plants.

When arranging the list of values of the total biomass per 1 m 2 of 
littoral in a decreasing order (Table II), four groups of lakes can be 
distinguished, irrespective of their trophic type, w ith the follow ing bio­
mass values: 925.0-979.0, 574.4-661.2, 394.1-508.1, and 326.5-333.6 g 
dry w t./m 2.

However, the characteristics of water plants in a water body using 
a value of biomass per area unit of littoral is insufficient. The more 
com plete characteristics of the role of a given group of organisms in the 
energy flow  through water biocenosis can be obtained by a determ ina­
tion of the calorific value of biomass ( L i e t h  1968). In the case of 
macrophytes, the calorific value should be given per area unit of littoral 
(1 m 2). It can be seen from the results given in Table VI that the highest
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values are those for eutrophic pond-like lakes (Gulbin, Potopy), in which  
high values of the biomass of macrophytes (especially em ergent plants) 
were found. In the other lakes, the calorific values per 1 m 2 are similar, 
with the exception of a-mesotrophic Lake Szurpily (992 kcal/m 2). They  
were em ergent plants which effected the calorific values per 1 m 2 due 
to their great biomass and higher calorific value than in the other plant 
groups.

Organic matter content in the aboveground parts of Phragmites com­
munis  (94°/o) is the same as that given by B e r n a t o w i c z  (1969) for 
reed of Mazurian Lakeland. The leaves of P. communis contain by about 
6% less organic matter than the stalks (Table III), the difference being 
probably due to different physiological functions of these organs. The 
highest organic matter contents were found in Phragmites communis 
from monospecies stations in lakes Jeglów ek and Kopane (deep and tem ­
perate eutrophic ones).

The organic matter contents in the particular species of em ergent, 
submerged with floating leaves and submerged plants are similar to those 
given by B e r n a t o w i c z  (1969).

In submerged w ith floating leaves and submerged plants, the organic 
matter contents are lesser than that in em ergent plants (Table IV). The 
least values were found in submerged plants, and especially in Chara sp. 
(55.8°/o) and Hippuris vulgaris  (39.6%), which can be due to the periphy­
ton w ith great content of calcium carbonate, settled on the plants.

The dependence of calorific value on organic matter content is 
discussed in the papers by O s t a p e n i y a  et al. (1967), L i e t h  (1968), 
and S z c z e p a ń s k i  (1970).

The calorific value of organic matter in the particular macrophyte 
species were different. The highest value was found in em ergent 
plants —  4006 cal/g on the average. Organic matter contents in Phrag­
mites communis  amounted to 89.5% on the average in leaves and 95.3% 
in stalks, w hile its calorific values w ere 4377 ±79.1 cal/g in leaves and 
4165 ±77.4  cal/g in stalks. Thus the contents of organic matter is higher 
in stalks (by 5.8%) and the calorific value is higher in leaves (by about 
212 cal/g).

The analyses of m aterial coming from the Mazurian Lakeland carried 
out in our laboratory showed that there was about 7 tim es more of 
organic nitrogen in leaves of Phragmites communis  than in stalks (Mi­
kołajskie Lake —  stalks 0.3%, leaves 2.25%, Lisunie Lake —  0.38% and 
2.12%, respectively). Thus it results from the presented data that there 
is a qualitative difference in organic m atter contents of leaves and stalks 
of Phragmites communis.

Among the em ergent plants, it is only Equisetum limosum  in which  
the organic matter content and calorific value are similar to those of 
submerged plants w ith floating leaves. The low est calorific values of
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organic matter were found in submerged plants and especially in Chara 
sp. and Hippuris vulgaris  (Table IV).

The comparison of calorific values of organic m atter in ecological 
m acrophyte groups found in the present investigations w ith those of 
S t r a ś k r a b a  (1968) is as follows:

The present paper Straśkraba (1968) 
(cal/g)

Emergent plants 4006 4480
Submerged plants w ith floating leaves 3688 4770
Submerged plants 2664 4580

It can be seen that the values found in the lakes of the Szeszupa 
drainage area are lower than that given by S t r a ś k r a b a  (1968) for 
Blatna fishpond system , S. Moravia. The differences are probably caused 
by different environmental and climatic conditions in both regions.

The results obtained in the present investigations allow to state the 
differences in calorific values of dry weight, organic matter contents 
and its calorific values between the particular macrophyte species, as 
w ell as ecological plant groups living in the lake littoral.

6. SUMMARY

The biomass, organic m atte r content and calorific values w ere m easured in 
m acrophytes living in the litto ra l of the lakes of the Szeszupa drainage area (the 
S uw ałk i-A ugustów  Lakeland). 14 lakes of d ifferen t trophic types w ere investiga­
ted. I t was found th a t m acrophyte biomass per 1 m 2 of the litto ra l area in the 
investigated lakes w as from  326.5 to 979.0 g/m2. The highest share in the to tal 
biom ass was th a t of em ergent p lants — 87.8% on the average, and the  lowest 
one — th a t of floating p lan ts — 0.7%.

The highest organic m atte r content was th a t of em ergent p lants — 90.2% on 
the average, and the lowest one — of subm erged p lan ts (61.2%). The particu lar eco­
logical p lan t groups w ere of different calorific value: em ergent p lants — 3621 cal/g, 
subm erged p lants w ith  floating leaves — 3140 cal/g, subm erged p lants — 1710 cal/g, 
and floating p lants — 1526 cal/g dry weight.

On the basis of the obtained results, calorific values of organic m atte r w ere 
calculated for the particu la r m acrophyte species as w ell as for the ecological p lan t 
groups. The calorific value per area un it of the litto ra l w as also estim ated.

7. STRESZCZENIE

O kreślano biomasę, zaw artość m aterii organicznej oraz kaloryczność m akro- 
fitów  zasiedlających lito ra l jezior dorzecza Szeszupy. B adaniam i objęto czternaście 
jezior o różnej tro fii z terenu  Pojezierza Suw alsko-A ugustow skiego.

Stwierdzono, że biom asa m akrofitów  przypadająca na 1 m 2 stanow iska w  b a ­
danych jeziorach w ynosiła od 326,5 do 979,0 g. N ajw iększy udział w  ogólnej bio­
m asie badanych stanow isk m iały helofity — średnio 87.8%, a najniższy rośliny 
pleustonowe — 0.7%.

Najwyższą zaw artość m aterii organicznej posiadały helofity — średnio 90.2%, 
natom iast najniższą elodeidy — 61.2%. Poszczególne grupy ekologiczne posiadały
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różną kaloryczność: helofity 3621, nym pheidy 3140, elodeidy 1710 oraz rośliny 
pleustonow e 1526 cal/g suchej masy.

Na podstaw ie przeprow adzonych analiz określono rów nież kaloryczność m a­
terii organicznej poszczególnych gatunków  m akrofitów  i grup ekologicznych. 
Określono także ilość kilokalorii na jednostkę pow ierzchni litoralu , zaw artych 
w zasiedlających go m akrofitach.
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ABSTRACT

The dependence of m etabolism  on tem peratu re  has been exam ined using five 
Black Sea species which had been previously acclim ated to each tem perature . In 
all cases this dependence can be described by the form ula of V ant-H off and 
A rrhenius. The influence of tem perature was stated  to be increasing the resp ira tory  
ra te  and is characterized by coefficient u ranging from 13 to 16 (mean 14) kcal •
• m ol-1. Q10 values, calculated for five degree in tervals, decreased from  2.5 to 2.0 

as the tem perature arises. The lite ra tu re  data showed th a t there  are differences 
in respira tory  rates of anim als living in the broad range of tem peratu res under 
n a tu ra l conditions and these differences are w ith in  the lim its foreseen by V ant- 
-Hoff and A rrhenius’ law. Basing on the results obtained, it can be stated tha t 
anim als acclim ate them selves to the life in low tem peratu res w ithout increasing 
energy losses for cost of m aintenance.

1. INTRODUCTION

In the past years, m any works have been w ritten  about the influence of 
tem peratu re  on the m etabolism  of poikilotherm ic anim als. In these investigations, 
the determ ination of the m etabolic ra te  was lim ited to data  obtained im m ediately 
afte r a change in the tem perature conditions w ithout any significant prelim inary  
acclim ation of the experim ental anim als. At the sam e tim e, as shown earlier 
( I v l e v a  1972), the results of such m easurem ents in m ost cases are of little  use 
for a quan tita tive  description of a tem peratu re  dependence of m etabolic intensity , 
which is stipulated by the following reasons.

Changes in tem peratu re  cause corresponding changes in the rates of m etabolic 
processes. The increase of m etabolic in tensity  w ith an increase in tem peratu re  or 
the decrease w ith a fall in tem peratu re  reach m axim um  at the m om ent when 
conditions change, and the m ore the final tem pera tu re  differs from  the initial, the 
m ore significant they prove, as shown in Fig. 1. The in itial period of acclim ation 
is as a ru le  extrem ely unstable and the m etabolic rates of anim als undergo many 
rises and falls which gradually  smooth during the com oletion of the adaptation  
process. More or less stable levels, which have been established a t a high tem pe­
ra tu re  prove lower in com parison w ith the indications during the first hours; 
a t low tem peratures — the in itial depression is deeper as com pares w ith the next.

The duration of the period of acclim ation at each given tem peratu re  is 
extrem ely  changeable and is determ ined by the physiological peculiarities of the 
type and the previous conditions of life. The tem peratu re  in terval, in the bounds 
of which the m easurem ents are conducted, is also of im portance. In the region 
of high tem peratures the acclim ation ends qu ite  fast, usually  in a few hours time. 
A t a low tem perature the process is prolonged for m any days as in these condi­
tions all the life functions in the organism  proceed w ith the least intensity.

I t  is thus obvious th a t the dependence of the m etabolic ra tes on tem perature ,
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Fig. 1. A scheme of the changes of respiratory  ra te  (R ) in the process of accli­
m ation of anim als to d iffe ren t tem peratures. 1 — the acclim ation period, 2 —  the 
post-acclim ation period. R 0 —  resp ira to ry  ra te  a t the in itia l tem peratu re , Rhi-RHi 
—  resp ira tory  ra tes a t the h igher tem peratu res than  the  in itia l one, R li-R-Lz —  

resp ira tory  rates a t the  lower tem peratu res than  the  in itia l one,

established in the gradient of tem peratures on the anim als w ith  an unfinished 
acclim ation w ill each tim e be substan tia lly  d ifferent, depending in w hich m om ent 
of the acclim ation process (t1- t 7, see Fig. 1) the readings are taken.

The second reason why the  use of acute or sub-acu te experim ents does not 
allow for an objective evaluation  of the existing rela tion  betw een the m etabolic 
ra te  and the tem peratu re  is th a t the basic principle of correct analysis is upset 
(the principle of the com parison of equivalent values). The m etabolic rates of 
anim als, m easured in the tem peratu re  gradient, are  not com parable un til a t each 
given tem peratu re exactly  the sam e stage of an “established level” is not attained.

Based on these considerations, methods used in m ost of the published works 
(a survey of them  is given in the  works of I v l e v a ,  P o p e n k i n a  1968, I v l e v a  
1972) can scarcely be considered correct and sufficiently  re liab le  w hile determ i­
ning the dependence of m etabolism  upon tem perature .

The question of the influence of tem peratu re  on the ra te  of energetic m eta­
bolism of aquatic poikilotherm ic anim als, presenting a large theoretical in terest, 
is a t the m om ent also exploited for practical purposes. For calculations of biologi­
cal production in aquatic reservoirs of d ifferent geographical regions and in sea­
sonal aspect it is necessary to learn  ra th e r about the tru e  rates, characteristic for 
anim als living in d ifferent tem perature conditions and not about periodic oscill­
ations of m etabolic ra tes a t an ab rup t tem peratu re  change.

The aim  of the presen t w ork was to analyse the tem p era tu re  relations of 
m etabolic ra tes of poikilotherm ic sea anim als, under the follow ing conditions:

1. The investigations w ere conducted in a wide range of tem peratu res in the 
bounds of the biokinetical zone;

2. The anim als w ere fully acclim ated to each tem peratu re  of the experim ents;
3. The anim als of equal sizes w ere used in the experim ents;
4. The m easurem ents w ere repeated several tim es in order to obtain a reliable 

average value and evaluate it statistically .
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2. MATERIAL AND METHODS

The w ork was conducted in 1966-1970. I t was based upon m ateria ls obtained 
from  the shores of the Crim ean peninsula in the region of Sevastopol. As an object 
of the  investigations served five common species of Black Sea invertebrates which 
are also w idely d istribu ted  beyond the bounds of the Black Sea: A ctinia equina  L, 
N ereis diversicolor O. F. Müller, Modiola adriatica  Lam arck, Palaemon adspersus 
R athke, Branchiostoma lanceolata L.

M. adriatica  and B. lanceolata w ere collected in the au tum n a t a depth of 
20-25 m and a t a w ater tem peratu re of 14—15°C. A. equina  and N. diversicolor 
w ere collected a t the surface of the w ater a t a tem peratu re  close to 17°C. Also 
the ind ividuals of the w inter population of Nereis diversicolor w ere exam ined. 
They w ere obtained from  bottom  deposits taken  from  a depth of 0.7-1.2 m at 
a tem peratu re  of 6.5-7.0°C. P. adspersus was collected in the beginning of sum m er 
a t a depth of 5-8 m and a w ater tem peratu re  of 15-18#C.

The collected anim als were stric tly  classified according to size. For each type, 
any size group (represented in the collection by the largest num ber of individuals) 
was chosen and this group later took part in the experim ents.

Before beginning the m easurem ents of m etabolism , the anim als w ere kep t a t 
the tem pera tu re  of the experim ent un til the m om ent of com pletion of the accli­
m ation process. The acclim ation of A. equina  and N. diversicolor took place in 
the rm osta t chambers, w here the fluctuations of the chosen tem peratu re  did not 
exceed 0.5°C. The anim als w ere placed into glass vessels, the bottom s of which 
w ere covered by a thin layer of gravel and sea w ater. A part from  this, for the 
nereids, short glass tubes w ere placed in the vessels. The worm s crawled eagerly 
into the tubes, using them  as burrow s. The w ater in the  crystalizers was changed 
everyday. Fresh sea w ater flowed through a siphon from  tanks set in each 
cham ber and consequently, having the sam e tem pera tu re  a t which the acclim ation 
of the anim als proceeded.

Up to the tim e of the experim ent, P. adspersus, M. adriatica  and B. lanceolata 
w ere kep t in flowing w ater in aquarium s w ith  a therm oregulating  m echanism , 
allow ing the m aintain ing the chosen tem peratu re  w ith  an accuracy of 0.5°C.

In most cases the acclim ation was conducted a t five tem peratu res 5, 10, 15, 
20, 25°C. For N. diversicolor m easurem ents w ere additionally  conducted a t 27°C 
and for P. adspersus — a t 28 and 30°C.

The period of acclim ation was determ ined in correspondence w ith the data 
obtained in the previous investigations ( I v l e v a ,  P o p e n k i n a  1968, I v l e v a
1972). A t a tem perature of 25-30°C the m easurem ents of m etabolism  were begun 
1—2 days afte r acclim ation started . In low tem peratu re  the anim als w ere kept in 
experim ental conditions for not less than 5 days for N. adriatica  and nearly two 
to th ree  weeks for all the rem aining species. The prelim inary  acclim ation of 
N. diversicolor of the w inter population a t all tem peratures lasted for 20-25 days.

D uring the whole period of observation, A. equina, N. diversicolor and 
P. adspersus were regularly fed w ith live Enchytraeus albidus and w ith gonads 
of M ytilus. M. adriatica and B. lanceolata consumed plankton, which entered the 
aquarium s w ith w ater.

The m easurem ents of standard  resp ira tory  ra te  w ere conducted by the m ethod 
of closed respirom eters. The volum e of the resp irom eter was chosen according to 
th e  size of the anim al. The respirom eters w ere filled w ith filtered , aerated  w ater 
of the same tem perature, a t which the acclim ation had proceeded. One anim al 
w as placed into each respirom eter. The exposure tim e was changed depending on 
th e  tem peratu re  of the experim ent: a t 25-30°C it was equal to 1.5-2 hr, a t 5°C 
it lasted 16 hr. The w ater after exposure contained 30—40*70 less oxygen than the 
w ate r before exposure. The oxygen content was determ ined by W inkler method. 
The oxygen consum ption was calculated using the oxygen content in experim ental 
and  control respirom eters. Dry w eight of anim als (at 105°C) was determ ined after 
each experim ent.

The experim ents w ere conducted in therm ostat-contro lled  conditions. During 
the tim e of exposure the fluctuations of the tem peratu re  did not exceed 0.1°C.

The m easurem ents of resp ira tion  w ere repeated 5-20 tim es a t each tem pera­
ture. The respiration  values are given in m m 3 per hour per one individual.
4 — H yd rob io log ia  nr 2 http://rcin.org.pl
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3. RESULTS

W EIG H T OF A N IM A L S

It is known that the respiration rate of animals is a function of their 
body weight. So it is important to conduct all the m easurem ents of 
metabolism using material w ith the highest possible conform ity of weight. 
It is not always easy to select animals of equal weight, even from  
between individuals of one species. For this reason, a visual selection  
of animals of approxim ately one size, conducted before the experim ent, 
was corrected by determining the exact dry weight after it ended.

Respiratory data, referring to a strictly determined weight group 
were selected from the total results: A. equina w ith a dry body w eight 
from 250 to 280 mg, N. diversicolor —  from 40 to 50 mg, M. adriatica 
with a dry w eight of soft body parts from 50 to 70 mg, and B. lanceolata 
—  from 10 to 15 mg. The dry w eights of the animals used in the ex­
periments, are characterized in Table I.

R ESPIR A TO R Y  R A TES A T  D IF FE R E N T  T EM PER A TU RES

The respiratory rates at different temperatures were determined by 
averaging the several parallel measurements. The parameters of the 
samples are shown in Table II.

The overall results include the data of m easurem ents conducted at 
the initial water temperature of the sea at the tim e when the animals 
w ere collected. In this case the adaptation of the animals to the corres­
ponding conditions took place in a natural situation: for N. diversicolor 
at 6.5 and 16.5°C, M. adriatica at 14°C and P. adspersus at 15°C.

Irrespective to the com paratively small weight variations for each 
species, the variation of respiratory results was rather high. A similar 
situation is not exceptional and has been noticed by m ost investigators, 
studying the respiration of invertebrates.

The dispersion of respiratory rates for individuals, adapted to tem pe­
rature of the habitat, is lower than that of individuals acclimated in the 
laboratory. This points to a significant individual variability of the 
adaptational features of the animals, which increases the already large 
oscillations in metabolic rates.

A considerable dispersion in the respiratory rates was sometimes 
caused by a large dispersion of body weight, as can be seen while 
comparing the data of Table I and II.

A graphical presentation of the results of respiratory rate m easure­
ments in the temperature gradient gives a definite notion about the 
functional dependence of the studied values (Fig. 2—6).

On a sem i-logarithm ic coordinate graph, when the reverse tempera­
ture values, expressed in degrees of the K elvin scale, are plotted on the 
abscissa and the logarithms of the m etabolic rates are plotted on the
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Table I. V ariation of dry weights of five anim al species used in resp ira tion
experim ents

Tem p.
(°C) n

Mean dry 
wt. (mg) 

w

Standard  
erro r (mg)

sw

95$ confidence 
lim its

0̂.05 ‘ SW

Coefficent of 
variaton (%)

Actinia equina
5 6 259.87 3.77 9.68 3.55

10 8 272.14 3.02 7.13 3.14
15 6 268.54 2.51 6.46 2.29
20 6 266.86 2.18 5.59 1.99
25 5 277.02 2.52 6.94 1.82

Nereis diversicolor
5 12 44.58 0.92 2.03 7.14
6.5 7 45.43 1.15 2.81 6.68

10 14 43.25 0.53 1.17 4.62
16.5 13 46.57 0.53 1.15 4.10
20 14 44.46 0.66 1.43 5.55
25 11 43.93 0.62 1.38 4.69
27 5 45.75 1.55 4.30 7.58

Modiola adriatica
5 16 59.48 1.23 2.61 8.28

10 18 58.70 1.53 3.21 11.05
14 16 59.34 1.30 2.77 8.78
15 5 60.22 1.83 5.08 6.79
20 25 57.31 1.03 2.12 8.96
25 12 60.77 1.83 3.92 11.64

Palaemon adspersus
5 6 93.85 3.07 5.90 8.01

10 15 91.03 1.53 3.22 7.11
15 6 89.57 4.79 12.32 13.11
20 11 89.46 1.86 4.15 6.91
25 10 87.38 1.97 4.46 7.15
28 5 92.95 3.41 8.78 8.99
30 6 94.01 2.49 6.40 7.03

Bra nchiostoma lance olata
5 13 12.71 0.60 1.31 16.90

10 13 13.01 0.40 0.86 10.97
15 12 12.36 0.53 1.21 14.72
20 16 12.66 0.47 1.00 14.70
25 7 13.00 0.43 1.06 8.80

ordinate, the dependence of metabolism upon temperature can be 
satisfactorily represented by a straight line. This means that the func­
tional dependence betw een the respiratory rate and temperature agrees 
with the law of Vant-H off and Arrhenius and can be approximated by 
the equation:

— — • —
V =  V0 • e R T

where: V — the respiratory rate, R —  gas constant =  1.986 cal • mol • de­
gree-1 , T — absolute temperature (°K), V0 — coefficient having the same
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Table II. V ariation of the resp ira to ry  ra tes a t d ifferen t tem peratu res in five
anim al species

Temp.
(°C) n

Mean resp ira ­
tory rate 

(m rrr/hr • ind.) 
R

Standard
erro r

SR

95& confi­
dence lim itis

*0.05 ■ SR

Coefficient 
of variation

(%)

A ctinia equina

5 6 18.79 1.14 2.94 14.90
10 8 29.69 2.73 6.45 25.97
15 6 49.72 5.78 14.85 28.45
20 6 78.38 6.18 15.89 19.31
25 5 97.11 6.99 19.41 16.10

Nereis diversicolor
5 12 8.93 0.49 1.08 19.08
6.5 7 11.02 0.37 0.92 8.87

10 14 14.65 0.92 2.00 23.59
16.5 13 25.36 1.17 2.55 16.72
20 14 34.97 1.96 4.24 21.00
25 11 47.80 1.19 2.65 8.24
27 5 57.41 2.27 6.30 8.85

Modiola adriatica
5 16 4.83 0.32 0.69 26.71

10 18 7.47 0.59 1.24 33.41
14 16 11.21 0.72 1.55 25.84
15 5 12.94 1.90 5.26 32.78
20 25 22.21 1.07 2.22 24.12
25 12 30.83 2.99 6.44 37.57

Palaemon adspersus
5 6 32.88 2.94 7.57 21.91

10 15 51.85 2.87 6 05 23.47
15 6 89.57 4.79 12.32 13.11
20 11 115.69 8.10 18,05 23.2 2
25 10 153.03 11.25 25.45 2 3.25
28 5 221.39 15.60 40.11 17.26
30 6 231.33 18.57 45.44 24.24

Branchiostom a lanceolata

5 13 1.51 0.20 0.43 47.53
10 13 2.74 0.27 0.59 35.85
15 12 4.06 0.39 0.84 32.97
20 16 6.43 0.68 1.45 42.28
25 7 9.50 1.27 3.12 35.50

measure as V, ju— <(temperature characteristic”, i.e., the coefficient de­
termining the slope of the straight line and quantitatively expressing  
the accelerative influence of temperature.

Numerical value of coefficients V0 and ju (Table III) obtained by the 
least squares method w ere used for the calculation of each curve.

In Figures 2—6 showing the Arrhenius scale experim ental points lie 
sufficiently near along the calculated curve and sm all deviations which  
occur in some cases are reflected in Table III by the index S02 (the index  
S 02 after N a 1 i m o v  1960).

The accelerating influence of temperature transmitted by the coeffi­
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cient [i has proved sufficiently near for all species: the value of ju chan­
ged within the bounds of 13—16 kcal • mol-1 . These values served as 
basis for quantitative evaluation of Qio —  the coefficient temperature 
more convenient for practical purposes.

Fig. 2. The change of resp ir­
atory  ra te  in relation to tem ­
p era tu re  in Actin ia  equina  
w ith  a dry body w eight of 
250—280 mg. The abscissa — 
A rrhen ius' scale — the inver­
se value  of tem perature , coun­

ted  from absolute zero

Fig. 4. The change of resp ir­
atory  ra te  in relation to  tem ­
p era tu re  in Modiola adriatica 
w ith  a dry body w eight of 
50-70 mg. The abscissa as in 

Fig. 2

Fig. 3. The change of res­
p ira to ry  rate  in relation  to 
tem pera tu re  in Nereis d iver­
sicolor w ith a dry body w eight 
of 40-50 mg. The abscissa as 

in Fig. 2
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Table III. The values of the coefficients In V0 and u in the equation expressing 
the connection betw een resp ira tion  and tem peratu re  in five anim al species. 
S 02 — unbiased estim ation of S. D. of m easurem ent points from  the approxim ated

curve

Species
Mean +  S. E. 

In V» ±  sln V0

Mean +  S. E.
(1 +  s 

— P
S20

Actinia equina 28.89 ± 1.92 14.222 ± 1.098 0.011
Nereis diversicolol 26.08 ± 2.99 13.156 ± 1.726 0.054
Modiola adriatica 30.00 ±  1.73 15.818 ± 0.998 0.009
Palaemon adspersus 26.97 ± 1.72 12.943 ± 1.006 0.019
Branchiostoma lanceolata 27.11 ± 0.59 14.778 + 0.338 0.001

Fig. 5. The change qf resp ir­
atory rate  in relation to tem ­
p era tu re  in Palaemon adsper­
sus w ith, a dry body w eight 
of 80-100 mg. The abscissa 

as in Fig. 2

Fig. 6. The change of resp ir­
atory ra te  in relation  to tem ­
pera tu re  in Branchiostom a  
lanceolata w ith  a dry  body 
weight of 10-15 mg. The abs­

cissa as in Fig. 2

Table IV. The values of the coefficient Q10 calculated for d ifferen t tem peratu re
in tervals upon the coefficient p

Species
T em perature range (°C)

5-10 10-15 15-20 20-25

Actin ia  equina 2.49 2.41 2.34 2.27
Nereis diversicolor 2.32 2.25 2.19 2.14
Modiola adriatica 2.75 2.66 2.57 2.49
Palameon adspersus 2.29 2.23 2.17 2.11
Branchiostoma lanceolata 2.58 2.49 2.42 2.35
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The change from parameter p  to Qio is carried out according to 
equation:

log Q10—2.187—
1 1 * 1  2

The results of calculations carried out for five degree intervals are 
compiled in Table IV.

According to Vant-Hoff and Arrhenius coefficient Qio in all cases 
changed w ithin lim its of 2—3 and this value system atically diminished  
as tem perature increased.

The values of the coefficient Qi0 for the species exam ined in the 
same temperature intervals proved sufficiently close and this allowed  
to obtain data to calculate the average value of the coefficient /u and 
the average values of Qi0 (Table V).

Table V. V ariations of coefficient values ß  and Q10

Coefficient X sx *0.05 ’ SX
Coefficient 

of variation  (%)

P 14.183 0.530 1.517 8.30
5-10 2,49 0.09 0.236 7.63

o 10-15 2.41 0.08 0.222 7,39
v 10 15-20 2.34 0.07 0.205 7.11

20-25 2.27 0.07 0.197 6.87

4. DISCUSSION

At present the opinion prevailing in literature is that temperature 
changes of the respiratory rates of poikilotherm s cannot be described 
by Arrhenius' function since in the m ajority of works an unstable cha­
racter of these changes is shown.

W ithout analysing the reasons determining this situation many 
authors consider it more reliable to select new mathematical expres­
sions which, from the point of view  of each author, show more pre­
cisely the relation between respiration and temperature. In this rela­
tion the studies of B e l e h r  ä d e k  (1930, 1935, 1957), H e i n t z e n  
(1958), K r ü g e r  (1961, 1963, 1964), M c L a r e n  (1963) and others 
are w ell known. K r o g h 's  “normal curve” had the greatest recogni­
tion ( K r o g h  1914, 1916). The possibility of using it for practical pur­
poses has been substantiated by W i n b e r g (1956, 1968) and then by 
S u s h c h e n y a  (1969) who analysed the influence of temperature upon 
the respiratory rate of fish and crustaceans only on the basis of data 
to be found in the literature. As the overwhelm ing majority of this 
data was obtained from anim als that had not undergone preliminary
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acclimation to the temperatures of m easurement it is obvious that the 
results proved to be similar to K r o g h 's  generalized ’’normal curve” 
which was also established on the basis of the results of acute experi­
ments.

If studying the influence of temperature upon the respiratory rate of 
poikilotherm s one uses another method and in each case measures the 
metabolism of animals after the process of acclim ation has been accom­
plished, one can see that in the lim its of the biokinetical zone, the de­
pendence of metabolism on temperature is subject to the law7 of Vant- 
-H off and Arrhenius and can be quantitatively analysed w ith sufficient 
accuracy.

The methodical approach to this problem had been presented earlier 
( I v l e v a ,  P o p e n k i n a  1968, I v l e v a  1972) and had been shortly 
explained at the beginning of the present paper. Now w e again tried 
to appraise from the point of view of our notions the exam ples repor­
ted in literature and to exam ine how the conducted observations relate 
to the problem of temperature adaptations of poikilotherms.

Looking for data in literature for this purpose one has to state with  
regret that the enormous quantity of accumulated material is useless 
for the appropriate analysis. In spite of the fact that the measurements 
of metabolism were basically conducted in acute or near to acute obser­
vations, the respiratory rate of animals is determined at 2—3 tem pe­
ratures, which certainly is not sufficient for establishing the quantita­
tive regularity of kinetics of the metabolism process. Often this data 
cannot be supplemented or compared with data of other authors obtained 
on the same or similar species at other temperatures, as the authors 
do not indicate the exact w eight of experim ental anim als but confine 
them selves to presenting the relative respiratory rates (R/W). In many 
cases the comparisons are done on the basis of single measurements 
and on animals which considerably differ in sizes. F inally in published  
works all the results are given in graphs and the necessary readings 
can be obtained only very approxim ately.

Among investigations in question it is necessary to m ention the re­
sults of measurem ents of respiratory rates of Cladocera and Copepoda 
carried out by S h c h e r b a k o v  (1935) and M a r s h a l l  et al. 
(1935). Though their studies were conducted without any special con­
trol of the degree of com pletion of the acclimation process, the depen­
dence of the metabolic rates on temperature can be satisfactorily pre­
sented by the function of Vant-H off and Arrhenius (Fig. 7 and 8, in 
both cases sem i-logarithm ic coordinates were used) possibly because this 
group of animals is adapted to great range of temperatures as in natural 
conditions they show considerable vertical migrations.

According to data of the authors mentioned, coefficients /u and Qi0 
are calculated for description of the curves. The results of the calcu-
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Fig. 7. The change of resp ira tory  ra te  in relation  to tem peratu re  in Cyclops 
strenuus  (1),Daphnia longispina  (2), and m ale and fem ale Diaptom us graciloides (3). 

The abscissa as in Fig. 2. ( a f t e r  S h c h e r b a k o v  1935)

Fig. 8. The change of resp ira to ry  ra te  
in relation  to tem peratu re  in copepodi- 
tes (1) and m ale and fem ale Calanus 
jinm archicus  (2). The abscissa as in 
Fig 2 (after M a r s h a l l  e t al. 1935)

lations (Table VI) show that value of coefficient ju was changing from  
11 to 13 kcal • m ol-1 and in general was proved quite near to the one 
determined during our experim ents. 95% confidence lim its of the ave­
rage value ju deduced for nine species of animals according to Tables III 
and VI is equal to 12.750 ± 1.193 kcal • m ol-1 .

Quite satisfactory results w ere obtained in the case of the analysis 
of the materials of T a l i e  v,  K o r y a k o v  (1947) who had studied  
the respiratory rates of Baikal Cottoidei (Cottocomephorus grewingki  
and Batrachocottus baicalensis) w ith the gradual increase of tem pera­
ture (Fig. 9). In spite of the lim ited range of tem peratures (0—10°C) these 
data are also of interest and can be used for finding the coefficients 
when characterizing the curves, besause they are based on the measure­
m ents taken at 6—8 different temperatures.
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Table VI. The values of the coefficients in  V„ and \x in the equations expressing 
the connections between resp ira tion  and tem peratu re  in C ladocera and Copepoda 

calculated from  the  lite ra tu re  data

Species
M ean +  S. E. 

ln V - — s ln  V

Mean +  S. E.
«  ł  s

— tH

7
S

0
P aper

Daphnia longispina 23.00 + 2.01 12.536 ± 1.148 0.018 Shcherbakov 1935
Cyclops strenuus $ 22.50 + 2.01 12.000 ±  1.144 0.018 Shcherbakov 1935
D iaptomus graciloides cTcT 18.87 + 1.60 10.628 ± 0.913 0.012 Shcherbakov 1935
D iaptomus graciloides 9 9 19.14 + 1.48 10.622 ± 0.844 0.010 Shcherbakov 1935
Calanus finm archicus 9cT 18.15 ± 1.02 10.750 ± 1.142 0.013 M arshall et al.

1935
Calanus finm archicus c. v . 21.35 ± 1.75 12.900 ± 0.988 0.010 M arshall et al.

1935

There is no doubt that the investigations of collaborators of prof. 
F. F r y  (F r y , H a r t  1948, J o b  1955, B e a m i s h  1964) who 
always conducted the measurem ents on the acclim ated material, should  
represent great value for establishing the temperature dependence of 
metabolism of fish. However fish used in the experim ents w ere of dif­
ferent size and for the purpose of comparing metabolism rates in the 
temperature gradient the authors were com pelled to take the readings 
from the curves reflecting the dependence of metabolism on the body 
weight. Since at every temperature of the experim ent the curves were 
established on the basis of a sm all number of measurements, then they  
reflect the general aspect of this dependence only approxim ately and 
could not be used for the purpose of receiving a reliable value which  
characterizes the average metabolic rate of every given size of fish.

For the analysis of the influence of temperature on m etabolism  the 
most important are studies conducted on animals which w ere adapted 
in natural conditions to different temperatures. There is a very small 
number of such research works and up till now the work of S c h o 1 a n- 
d e r et al. (1953) seems to be the only exam ple of a serious approach 
to solve this problem,

Fig. 9. The change of resp ira to ry  ra te  in re la ­
tion to tem peratu re  in Cottocomephorus gre- 
w ingki (1) and Batrachocottus baicalensis (2). 
The abscissa as in Fig. 2 (after T a 1 i e v, K o- 

r i a k o v 1947)
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After having done a great number of m easurem ents of respiration  
rates of animals that live all the time in arctic and tropical regions, these 
authors obtained very important data showing that at 0°C the level 
of metabolism of arctic animals is roughly 10 tim es lower than the 
metabolism  of tropical species living at 30°C. This difference has proved 
to be exactly the same as that supposed by the Vant-H off and Arrhenius 
law. It should be here stressed that the same difference (10.7 times) 
is obtained if for the purpose of calculations the coefficient ju equal 
13—14 kcal • mol-1 is used; this coefficient has been established in the 
present paper experim entally.

S c h o l a n d e r  et al. (1953) did not pay enough attention to the 
results obtained by them and they continued further discussions on the 
basis of calculations done according to the K r o g h's ’’normal curve”. 
In this way the hypothetical lev e l-o f metabolism has been established, 
which could have been revealed by tropical animals if they were kept 
in water of 0°C. If temperature was lowered from 30 to 0°C their m e­
tabolism should diminish 43 times. As in reality it diminished only 
10 times the authors found it possible to explain this difference by the 
ability  of poikilotherms to compensate the unfavourable influence of 
low temperatures by the increase of the m etabolism level.

The data given by S c h o l a n d e r  et al. (1953) were discussed in 
m any works and survey ( Ra o ,  B u l l o c k  1954, B u l l o c k  1955, 
P r e c h t  et al. 1955, P r o s s e r  1955, 1958, W i n b e r g  1956, 1968, 
F r y  1958, W o l v e k a m p ,  W a t e r m a n  1960, P r o s s e r ,  B r o w n  
1962) but in no single case was there any doubt shown concerning the 
correctness of the conclusion drawn, perhaps for this reason that long 
before the works of S c h o l a n d e r  et al. (1953) this view  was sup­
ported by K r o g h  (1916), Z e u t h e n  (1947) and other authors who 
thaught that the active life of poikilotherms in low temperatures are 
caused only by a higher level of their metabolism.

The experim ents of S c h o l a n d e r  et al. (1953) were repeated by 
I k e d a (1970). The author exam ined the respiratory rate of plankton 
anim als living in different regions of the Pacific Ocean. I k e- 
d a  (1970), unlike S c h o l a n d e r  et al. (1953), did not concentra­
te his attention on definite taxonomic groups which in different condi­
tions of temperature are represented by closely related species but he 
m easured metabolism of these animals which had fallen  in his plankton  
net. As the results of this, about 100 tests w ere conducted on 77 species 
which belong to 15 higher taxonomic categories. In this w ay there were  
1—2 measurements for each species and if w e take into consideration  
that experim ental animals in different regions of the ocean differed as 
regards their body w eight it becomes clear how com plicated it was in  
this case to draw conclusions on the effect of the differences of tem pe­
ratures on the levels of metabolism. I k e d a (1970) put the animals
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of all taxonomic groups together and obtained a general dependence of 
metabolism on the body w eight for each tem perature (8, 17 and 29°C). 
In spite of the fact that all the figures w ere calculated in relation to the 
dry weights and even in relation to the quantity of ash in the dry sub­
stance of body, the dispersion of points in each case proved to be so 
large and the slope of curves so diverse that it was im possible to make 
any proper comparison. For this reason w e turn again to the experi­
m ents of S c h o l a n d e r  et al. (1953) to appraise the facts obtained  
in our experim ent and indirectly in natural conditions. These facts show  
that there is no increase of the level of energy m etabolism when the 
animals adapt them selves to cold. The measurem ents of metabolism rate 
in low temperatures agree w ith the calculations according to Vant-H off 
and Arrhenius. This means that they are the respiratory rates, charac­
teristic for animals under natural conditions (or after the acclimation  
of animals in a laboratory), which should be taken into account when  
qualitatively determining the dependences betw een temperature and 
respiratory rates. Only those mathematical form ulae describing the de­
pendences in question can be used which are in accordance with the 
mentioned regularity, i.e. they reflect factual relationships in natural 
conditions.

Fig. 10. The degree of usage of the assim ilated 
food for growth (K2) in Nereis diversicolor at 

d ifferent tem peratures (see also Table VII)

At present the thesis that all animals are w ell adapted to the con­
ditions in which they exist and particularly to the surrounding tempera­
ture does not raise any doubt. The question how this adaptation pro­
ceeded appears however to be controversial. On the basis of the above 
given considerations it should be assumed that the adaptation of ani­
mals to the life in low temperatures took place w ithout increasing los­
ses of energy for respiration.

If life in cold clim ate proved to be possible under the condition that 
the animals had aquired the ability to increase the rate of energy 
metabolism, then this increase must have affected the general balance 
of energy and was inevitably connected w ith the decrease of ’plastic
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Table VII. The m ean values of coefficient K2 in Nereis diversicolor cultivated
at d ifferen t tem peratu res

Tem p.
(°C) n K2 ± sK

4
Coefficient of 
variation (%)

4.1 3 75.3 ± 0.8 1.8
10.3 3 76.2 ± 2.1 4.7
15.7 3 68.5 ± 2.7 6.7
19.6 3 63.8 ± 2.4 6.6
25.0 3 46.5 ±3.1 11.6

m etabolism ”, e.g. growth. Together with this, the advantage of animals 
which adapted them selves to life at constantly low temperatures consists 
in their ability  to grow and m ultiply in unfavourable conditions. Conse­
quently the adaptation to the cold should have proceeded by increasing 
the expenditures of energy upon these processes.

This assumption is proved experim entally. When studying tempera­
ture changes of the parameters of the energy balance of N. diversicolor,  
which norm ally lives in a broad range of tem peratures it was ascer­
tained ( I v l e v a  1970, 1971) that the relation between the losses of 
energy for cost of maintenance and growth does not remain constant.

The value of the coefficient K 2 (°/o) (K 2 =  P  (P + R ) where P — pro­
duction, R —  cost of maintenance), which shows the degree of utilizing 
of the assim ilated food for growth proves to be the highest in low  tem­
peratures (Fig. 10, Table VII).

The increase of temperature stim ulated in greater degree the kata- 
bolic processes and in a lesser degree the anabolic processes as a re­
sult of which the utilization of energy for growth steadily diminished  
and proved to reach minimum at 25°C.

Further developm ent of investigations in this direction w ill help to 
understand the specific character of m etabolism  of poikilothermic ani­
mals stipulating the possibility of their existence in extrem e tempera­
ture conditions.
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5. SUMMARY

The dependence of m etabolism  on tem pera tu re  has been exam ined using 
Black Sea A ctin ina  equina  L., Nereis diversicolor O. F. M üller, Modiola adriatica  
Lam arck, Palaemon adspersus R athke and Branchiostoma lanceolata  L., w hich 
had been beforehand acclim ated to each tem perature.

In  all cases the functional dependence of m etabolism  ra tes on tem peratu re
http://rcin.org.pl
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was subordinated to V ant-H off and A rrhenius' law  and could be expressed quan ­
titatively . The accelerating influence of tem perature , characterized by coeffi­
cient /u varied w ith d ifferen t species of anim als from  13 to 16 kcal • mol—i 
and on the average was equal to 14 kcal • mol- 1 . The value of tem peratu re  
coefficients (Q10), calculated for five degree in tervals regularly  decreased from 
2.5 to 2.0 according to the increase of tem perature . The lite ra tu re  data analysed 
by the au thor have shown th a t the differences in m etabolism  ra tes of anim als 
living in n a tu ra l conditions a t d ifferen t tem peratures are  also w ith in  the lim its 
foreseen by Vant-H off and A rrhenius' law. I t has been noted th a t the opinion 
firm ly established in the  last years according to w hich poikilotherm ic anim als 
show certain  tem peratu re  independence of functioning by increasing or lowering 
m etabolism , cannot be regarded as w ell-founded, as it is based on data which 
describe the in itial reaction of anim als a t the  m om ent of change of their tem pe­
ra tu re  conditions.

The facts which have been obtained during experim ents and in n a tu ra l con­
ditions show th a t the adaptation  of anim als to life a t low tem peratu res took 
place w ithout increased energy losses for cost of m aintenance.

6. PE3IOME

MccJieflOBaHa TeMnepaTypnaa 3aBMCMMOCTb oÖMeHa y nepHOMopcKMx A ctinia equi­
na L., Nereis diversicolor O. F. M üller, Modiola adriatica Lam arck, Palaemon 
adspersus R athke u Branchiostoma lanceolata L., npeAsapuTejibno aKKJiHMx-ipoBanHbix 
K Ka>K,gon TeMnepaType.

Bo Bcex cJiyuanx c£>yHKqnoHajibHaH saBncwMOCTb cicopocTen obMena or TeMne- 
parypbi noßHHHHJiacb 3aKOHy BaHT-rocJicba m AppeHwyca m Morjia SbiTb Bbipaxce- 
Ha KOJinnecTBeHHO. ycKopaioiuee BJinaHne TeivrnepaTypbi, xapaKTepwnyeMOe k o -  
pcJabnqneHTOM /u y pa3Hbix bm aob  jk m b o th b ix  w3MeHajiocb o t  13 p,o 16 tb ic .  Kaji. 
mo Jib—1 w B cpe^neM paBHajiocb 14 tb ic .  Kajib. MOJib—r. BeaimnHa TeMnepaTypubix k o -  
3<J)(|jMiineHTOB (Q10), paccHMTaniiaa ajia naTwrpaaycnbix HHTepBajiOB, no Mepe yBejinae- 
HHa TeMnepaTypbi 3aKOHOMepHo cunacaaacb o t  2,5 #o 2,0. Ilpn aHajin3e JiMTepaTyp- 
Hbix aanHbix noKa3aHO, h t o  pa3JinHna b cKopocTax oÖMeHa y jKMiBOTHbix, cyrqe- 
cTByioiqMx B npnpoaHbix ycaoBnax npn pa3Hon TeMnepaType, TaioKe JiexraT b rrpe- 
aeaax, npeaycMOTpeHHbix 3aKOHOM BaHT-TocjDcJja n Appemiyca. OTMeneHO, h t o  
vTBepanBmeeca b nocjie,zjHne roabi MHeroie o cnocoSHOcra noiiKMJiOTepMHbix jk m - 
BOTHbix npoaBaaTb onpeaeaeHHyio TeMinepaTypHyio He3aBncnMOCTb cfryHKqHOHMpo- 
BaHwa nyreM noBbimeHna nan CHnaceHna oÖMeHa, He MoareT cnnTaTbca oüocHOBaH- 
HbiM, nocKoabKy 6a3npyeTca Ha qaHHbix, xapaKTepn3yioinnx nepBHHHyio peaKqmo 
JKnBOTHbix B MOMeHT M3MeHeHMH TeMinepaTypHbix ycjioBnü. OaKTbi, nojiyneHHbie b  
3KcnepnMeHTaabHbix nccaeaoBaHnax n npnpoaHon oöcTaHQBKe, CBnaeTeabCTByioT 
o to m , h t o  aaanTaqna jk m b o th b ix  k  j k h 3 h h  npn Hn3Knx TeMnepaTypax npoxoan- 
aa 603 noBbimeHna TpaT 3Heprnn Ha OKncanTeabHbin MeTaSoansM.
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ABSTRACT

Respiration  of A ntarctic A m phipoda Paramoera w alkeri S tebbing belonging to 
the  sub-fast ice com munity in the coastal zone of A ntarctica was investigated. 
M easurem ents of oxygen consum ption by Paramoera w alkeri w ere carried  out 
in  constan t-pressure volum etric respirom eters a t tem peratures of —1.9, 0.0 and 
2.0°C. Increase of tem perature causes rap id  raise of oxygen dem and: Q10 values 
for tem peratu re  ranges of —1.9-0.0, 0.0-2.0 and —1.9-2.0°C w ere 15.9, 4.6 and 8.6, 
respectively. Dependence of oxygen consum ption R  on body w eight W in Para­
m oera walkeri can be expressed by regression R (_ i.9°c) = 0.99 • Wo n . The value of 
the regression exponent decreases as tem perature increases.

1. INTRODUCTION

A question of dependence of m etabolism  of poikilotherm ic anim als on envi­
ronm ent tem perature has an abundan t lite ra tu re  ( B e l e h r ä d e k  1930, P  r e c h t 
1958, V e r n b e r g ,  V e r n b e r g  1969, I v l e v a  1972, and others). However, such 
dependence in anim als living in ex trem al therm ic conditions, i.e. in polar regions, 
is re la tive ly  less known.

M ost studies on influence of low tem peratu res on m etabolism  of po ik ilo ther­
mic anim als were carried out on arctic species (S c h o 1 a n d e r  et al. 1953 a, b, 1957, 
K r o g  1954, K a n w i s h e r  1959, and others). S im ilar papers for A ntarctica 
a re  less num erous ( W o h l s c h l a g  1960, A r m i t  a g e 1962, M c W h i n n i e 1964). 
A r m i t a g e  (1962) investigated the effect of tem peratu re  on oxygen dem and 
in A m phipoda Orchomonella chilensis (Heller) during A ntarctic sum m er. This 
effect, in the range of survival tem peratu res of th a t species, was ra th e r  low: the 
value  of Q10 coefficient am ounted to less than  2.

I t seems to be interesting which is the influence of changes of environm ent 
tem pera tu re  on anim al m etabolism  during A ntarctic w inter, i.e. w hen an organism  
has been exposed to low and constant tem peratu re  (ca. — 1.8°C) for a long tim e 
(more than  half a year).

For such studies a suitable object is A m phipod Paramoera w alkeri S tebbing 
(Pontogeneidea). It is a circum polar species, inhabiting  the coastal zone of A n­
tarc tic  seas; its biology was described in details in R a k u s a - S u s z c z e w s k i  
(1972).

2. MATERIAL AND METHODS

S tudies on the influence of tem peratu re  on oxygen dem and in Paramoera 
w alkeri S tebbing w ere carried out in the  Soviet A ntarctic station M olodezhnaya 
(67°40'S, 45°50'E, Enderby Land, E astern  A ntarctica) during the w orks of the
3 — H y d ro b io lo g ia  nr 2
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F irs t Polish Scientific G roup in A ntarctica w ith in  the  project of the X lV th Soviet 
A ntarctic E xpedition in 1968-1970.

E xperim ental anim als w ere caught near the station, a t the coasts of A lasheyev 
Bight, ca. 50 m from  the shore, a t 45°49'47"E, 67°39'45"S; w ate r depth w as ca. 5 m, 
and the bottom  was sandy.

Anim als w ere caught from  October 3 to Novem ber 11, 1969. By then an 
ice-cover w as ca. 1.5 m, m ean w ater tem peratu re  about — 1.8°C and m ean salinity 
about 34%o.

The caughts w ere m ade mostly by m eans of an “um brella” — an apparatus 
enabling to scrape the biocenosis from  under the lower surface of the ice-cover, 
through a sm all hole in ice, ca. 16 cm in diam eter. D etailed description of an 
“um brella” is given in R a k u s a - S u s z c z e w s k i  (1972). A fter d raught the an i­
m als w ere placed in a vacuum  flask and then, in the laboratory , they w ere 
transferred  in to  the resp ira tory  cham bers w here they w ere acclim ated for 18-24 hr 
to the therm ic conditions of the experim ent. D uring the period of acclim ation 
and experim ents no food was adm inistered.

M easurem ents w ere m ade in two age-size groups of anim als; the firs t one 
was composed of juvenile and adolescent individuals (2-16 mg fresh weight) and 
the  other of ovigerous fem ales w ith  eggs (25-65 mg fresh weight).

Oxygen consum ption by anim als was m easured in constan t-p ressure volu­
m etric resp irom eters modified by K l e k o w s k i  (1968). R espiration cham bers of 
35 m l capacity  w ere used; anim als w ere placed into 10 m l of sea w ater taken 
from  the d raugh t place. 5 individuals of the first group or 3 individuals of the 
other w ere pu t into one respirom eter cham ber w here a sm all flock of cotton 
wool was added in order to arrange a substra tum  sim ilar to the n a tu ra l one.

Readings of oxygen consum ption w ere m ade every 10 m in during 3-4 hr of 
the  experim ent.

E xperim ents w ere m ade a t th ree tem peratu res: —1.9, 0.0 and 2.0°C. Tem pe­
ra tu re  in th e  therm ostat was kept w ith an accuracy of 0.05°C. N um bers of 
m easurem ents m ade and of the anim als used are presented in Table I. Dependence 
of oxygen consum ption on body w eight was calculated using the  least squares 
method according to form ula i? = a  • W $ w here R — oxygen consum ption (liI 0 2/ind. 
• hr), W — fresh  w eight of an ind iv idual (mg), a and b — coefficients.

3. RESULTS

In both age-size groups of Paramoera walkeri, oxygen consumption  
increased as temperature rose. Fem ales with eggs used much more 
oxygen than juvenile and adolescent individuals, e.g. about five times 
as much at ~  1.9°C (cf. Table I). When regarding body weight of indi­
viduals from both groups (i.e. after recalculation of oxygen consumption  
per unit of body weight), the situation was reverse —  juvenile and 
adolescent individuals used 2—3 tim es more oxygen per 1 g fresh weight 
than fem ales. These proportions are som ewhat different when recalcu­
lating the values per dry body weight on account of various water 
contents in the bodies of juvenile and adolescent individuals (73°/o on 
average) and fem ales (80% on average).

Qio values calculated from data of Table I are quite high, and those 
for juveniles and adolescens are alw ays considerably higher than that 
for fem ales (Table II). As temperature increased, Q10 values w ere con­
siderably lower.

Regressions of dependence of oxygen consumption on fresh body 
weight of Paramoera walkeri  are presented in Fig. 1. Sim ilar depen­
dences on dry body weight were as follows: R ( - i . r o  = 0 .2 4  • W0-80;
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f t  o.o°c> —0-40 • W°-74; and ft (2.o°c) = 0 .62  • W0 60. As tem perature increased, 
a values increased but b values decreased.

Table II. Q10 values for Paramoera w alkeri S tebbing

Age group
T em perature in terval (°C)

qÖ1qr-H 0.0 —2.0 — 1.9—2.0

Juveniles and adolescens 71.4 12.2 28.7
Females w ith eggs 10.7 8.7 6.0
Average for both groups 15.9 4.6 8.6

Fig. 1. Size and tem peratu re  dependence of resp ira tory  ra te  of Paramoera
w alkeri S tebbing

4. DISCUSSION

O xygen consumption by Paramoera walkeri  Stebbing recalculated  
per w eight unit is similar to that by other Amphipoda living at tem pe­
ratures lower than 0°C, e.g. by Antarctic species Orchomonella chilensis 
(Heller) (A r m i t  a g e  1962), arctic species Pseudalibrotus littoralis  
(Kroyer) (S c h o 1 a n d e r et al. 1953 a), and by other freshw ater arctic 
Amphipoda Gammarus limnaeus (Smith) (K r o g 1954). Sim ilar values 
of oxygen consumption can be obtained for Gammarus pu lex  L. (tempe-
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rate zone) by extrapolation of data by W o l v e k a m p ,  W a t e r m a n  
(1960) to 0°C (cf. Fig. 2).

The curve of dependence of respiratory rate on temperature (R—T 
curve) is more steep for P. w alkeri  than for other Amphipoda living  
in cold zone (Fig. 2).

The other way of presentation of the dependence of respiratory rate 
on temperature is Qi0 coefficient. Its values for P. walkeri  are quite 
high (Table II). Sim ilarly high Qi0 values for animals living at tem pe­
ratures of about or below 0°C were obtained by S c h o l a n d e r  et al. 
(1953 b) for Chironomidae larvae from arctic lakes, by K a n w i s h e r  
(1959) for Littorina littorea  L. and by S c h o l a n d e r  et al. (1953 a) 
for some poikilothermic aquatic animals from Arctica (cf. Fig. 3).

High Qio values for temperatures about 0°C obtained for P. walkeri  
and other animals living in cold zone confirm the finding that Qi0 
value increases within the range of low  temperatures (cf. B e l e h r ä -  
d e k  1930, G r a i n g e r  1958, P r e c h t  1958). However, Q10 value for 
Orchomonella chilensis calculated from data by A r m i t a g e  (1962) is 
considerably different, which seems to testify  to the presence of m eta­
bolism compensation it this species.

According to I v l e v a  (1972, 1973), high Q10 values are the results 
of too short period of acclimation of animals to the thermic conditions 
of the experim ent. Quite often, especially at low temperatures, at least 
several w eek s’ acclimation is necessary for fu ll adaptation of an organism  
to a new temperature ( I v l e v a  1973). Also the phenomenon of m eta­
bolism compensation at low  temperatures is considered by this author 
to .be an artefact occurring as a result of a too short period of acclim a-

Fig. 2. D ependence of oxygen consum ption on tem pera tu re  (R -T  curve) in some 
Am phipoda species. 1 — Paramoera w alkeri S tebbing (Antractica, the present 
paper), 2 — G am m arus lim naeus  (Smith) (Arctica, K r o g h  1954), 3 — G am m arus 
pulex  L. (tem perate zone, from  extrapolation  of data by W o l v e k a m p ,  W a t e r ­
m a n  1960), 4 — Orchomonella chilensis (Heller) (Antractica, A r m i t a g e  1962), 

5 — Pseudalibrotus littoralis (Kroyer) (Arctica, S c h o l a n d e r  et al. 1953 a)
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Fig. 3. Q10 values in the various tem perature ranges (horizontal lines indicate the 
studied tem perature range). 1 — various anim als (W i n b e r g 1956, 1968), 2 — G am ­
m arus limnaeus (Smith) (K r o g 1954), 3 — Orchomonella chilensis (Heller) (A r m i ­
l a g e  1962), 4 — Littorina littorea  L. (K a n w i s h e r 1959) and Chironomida larvae 
( S c h o l a n d e r  et al. 1953 b), 5 — Paramoera walkeri S tebbing, m ean for juveniles, 
adolescens and fem ales w ith eggs (the present paper), 6 — Paramoera walkeri

Stebbing, the juvenile and adolescent individuals only (the present paper)

tion of the experim ental animals. On the other hand, however, too long 
acclimation can provoke several changes in an organism (e.g. attaining  
a new ’’steady state” —  cf. G r a i n g e r  1956), which blur the direct 
influence of temperature on an organism.

Values of regression exponent b defining the dependence of oxygen  
consumption on animal biomass, obtained for P. walkeri, ranged from  
0.5 to 0.7 (cf. Fig. 1) and were higher than those given by A r m i t a g e  
(1962) for Orchomonella chilensis  (0.4—0.7) but lower than that given  
b y W i n b e r g  (1956) for Gammarus lacustris (0.81). b value equal to 0.81 
is characteristic for all Crustacea (W i n b e r g 1956).

5. SUMMARY

Paramoera w alkeri S tebbing (Amphipoda, Pontogeneidae) is a circum polar 
species inhabiting  the coastal zone of A ntarctic seas, w here w ater tem peratu re  
is never higher than  0°C during a year. In w inter, this species belongs to so-called 
sub-fast ice com m unity developing on the low er surface of an ice-cover.

In October and Novem ber 1969, some experim ents on resp ira tion  of Paramoera  
walkeri w ere carried out in the Soviet A ntarctic station  M olodezhnaya in Thala 
Hills casis (Enderby Land, Eastern  A ntarctica). A nim als w ere caught from  under 
the ice a t A lasheyev Bight. M easurem ents of oxygen consum ption w ere m ade 
in constan t-pressure volum etric respirom eters modified by K l e k o w s k i  (1968) 
at —1.9, 0.0, and 2.0°C. Before the m easurem ents, 18—24 hr acclim ation of anim als 
to the therm ic conditions of the experim ents was made.

Oxygen dem and of Paramoera w alkeri is sim ilar to th a t of o ther A m phipoda 
species living a t tem peratures below 0°C (Table I, Fig. 2).
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Increase of environm ent tem peratu re  caused a faster increase of resp ira to ry  
ra te  in juvenile and adolescent individuals than  in ovigerous fem ales w ith eggs 
in m arsupia. Q10 values calculated for tem pera tu re  ranges —1.9—0.0°C, 0.0—2.0°C 
and — 1.0-2.0°C are 10.7, 8.7 and 6.0 for the fem ales and 71.4, 12.2 and 28.7 for the 
juveniles, respectively. Such high Q10 values occur only in anim als living a t tem ­
pera tu res about or below 0°C.

Dependence of oxygen consum ption on body w eight of P. w alkeri can be p re­
sented by the exponential form ulae: R(—i.9°c) — 0.34 • W0£0; R ( 0 .o JC) =0.18 • W0-63 and 
R (2.o°c) =0.09 • W071. b values of regression exponents are close to 0 66, which 
confirm  the dependence of oxygen consum ption on the surface of anim al body.

6. STRESZCZENIE

Paramoera w alkeri S tebbing (Amphipoda, Pontogeniidae) jest gatunkiem  cir- 
cum polarnym , w ystępującym  w przybrzeżnej strefie mórz antarktycznych, gdzie 
tem peratu ra wody w cyklu rocznym nie przekracza 0°C. Zimą gatunek ten wchodzi 
w skład tzw. zespołu podlodowego rozw ijającego się na spodniej stronie lodu
morskiego.

W październiku i listopadzie 1969 r. na radzieckiej stacji an tark tycznej Molo- 
dezhnaya leżącej w oazie Thala Hills (Ziemia Enderby, A n tark tyda Wschodnia), 
przeprowadzono szereg eksperym entów  nad oddychaniem  Paramoera walkeri. Zw ie­
rzęta  łowiono spod lodu w Zatoce Alasheyeva. Pom iary zużycia tlenu  prowadzono 
w stałociśnieniowych respirom etrach w olum etrycznych w m odyfikacji K l e k o w -  
s k i e g o  (1968) w tem peraturach  —1,9, 0,0 i 2,0°C. Pom iary poprzedzano 18-24 
godz. aklim atyzacją zw ierząt do w arunków  term icznych eksperym entu.

Zapotrzebow anie tlenowe Paramoera w alkeri jest zbliżone do zapotrzebowania 
tlenowego innych gatunków  A m phipoda żyjących w  tem peraturach  poniżej 0°C 
(Tabl. I, Fig. 2).

Podwyższenie tem peratury  środow iska powoduje szybszy wzrost tem pa m eta­
bolizm u u osobników niedojrzałych płciowo i m łodocianych niż u dojrzałych 
sam ic z ja jam i w m arsupium . W artości współczynnika Q10 obliczone dla przedziału 
tem peratu r — 1,9-0,0°C, 0,0—2,0°C i — 1,9—2,0°C dla dojrzałych samic wynoszą: 10,7, 
8,7 i 6,0, a dla osobników młodocianych, odpowiednio 71,4, 12,2 i 28,7. Tak wysokie 
w artości współczynnika Q10 spotykane są tylko u zw ierząt żyjących w tem pera­
turach  w pobliżu i poniżej 0°C.

Zależność zużycia tlenu od m asy ciała Paramoera w alkeri ilu s tru ją  rów nania 
wykładnicze: R — i,9°c) =  0,34 • W°.;0, R(o.o°c)=0,18 • W0.63 i R 2.o°c) =0,09 • W0.71. W ar­
tości w ykładników  regresji b zbliżone są do 0,66, co odpowiada zależności zużycia 
tlenu  od powierzchni ciała zwierzęcia.
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ABSTRACT

The consum ption ra te  of grass carp, 20 to 400 g in weight, was m easured w ith an 
excess of anim al, plant, and m ixed (anim al +  plant) food. A series of m easurem ents 
involved also the feeding w ith an  excess of anim al food a t dim inishing am ount 
of p lan t food and vice versa, i. e. w ith  an excess of p lan t food a t dim inishing 
am ount of anim al food. I t  was found th a t grass carp bred under laboratory 
conditions a t the excess of p lan t and an im al food consumed about 75.7% of anim al 
food, the rem aining 24.3% being the  p lan t food. However a com plete lack of p lan t 
food caused alm ost twofold dim inishing the  am ount of anim al food consumed.

1. INTRODUCTION

Grass carp, an Asiatic fish of the Cyprinid fam ily, has recently  evolved a 
broad in terest in m any countries both of Europe and of Am erica. This in te rest 
results from  the view  th a t the grass carp  is herbivorous fish w hich perm its to 
forebode a great fu tu re  for this species in pond m anagem ent.

However the herbivorousness of grass carp becomes a controversial problem. 
I t  is thought m ore often th a t the grass carp is an om nivorous fish. That is why 
a tr ia l w as m ade to trace, in  general aspect, the energy transform ation  by grass 
carp  kept on d ifferen t food. The energy transform ations by grass carp kep t on 
either p lan t or anim al food w ere described in the 3 recent parts  of this paper 
( F i s c h e r  1970, 1972 a, b). Those papers showed th a t the grass carp  consumed 
and assim ilated not only p lan t food b u t also anim al food. W hen fed on anim al 
food, the grass carp grows faster then fed on exclusively p lan t food. Basing on 
th is finding studies w ere sta rted  on tracing  one of m ain elem ents of energy 
budget viz. consum ption ra te  a t m ixed food conditions.

The consum ption ra te  by young fish (0.5-3 years old) of d ifferen t w eights 
(20-450 g) was investigated w hen the fish w ere given 3 experim ental series of food:
1. p lan ts only, 2. anim als only, 3. m ixed: plants and anim als. Besides th is two 
short series w ere perform ed w ith  fish of about 100 g in w eight w hen the anim al 
food was in  excess and the am ount of p lan t food varied  and vice versa, w hen the 
p lan t food was in excess and the anim al food varied.

This w ork w as supported w ith  the Polish Academy of Sciences w ithin the 
project PAN 09. 1. 7. 4. 2.
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2. MATERIAL AND METHODS

The experim ents w ere carried out on the fish obtained from  the fish ponds 
of the In stitu te  of In land  Fisheries, Zabieniec, Poland. They w ere one year old 
(fingerlings) of about 20 g of weight. F u rthe r culturing  was run  in aquarium  and 
the final w eight of the fish reached over 400 g. The p lan t food consisted of 
lettuce, Lactuca sativa, and the anim al food — of Tubificidae. This choice of food 
resulted  from  the studies which showed a clear preference of grass carp to these 
two item s of food ( S t r o g a n o v  1955, B a b a y a n  1962, P e n z e s ,  T ö l g  1966, 
J a c h n i c h e n  1967, F i s c h e r  1968).

Depending on the series of experim ents the food was either rationed or in ex ­
cess. The excess of food w hen feeding on Tubificidae was such am ount of food th a t 
was double (by weight) portion of the food eaten. In the series of experim ents w ith 
lettuce this principle had to be abandoned on account of too large volume of 
supplied p lan t leaves, exceeding the volume of 10 1 aquaria. This was the reason 
w hy the excess of food was considered when a t least one gram  of w et w eight of 
plants rem ained, i. e. two leaves of an average size afte r the exposure of lettuce 
to the fish.

The consum ption ra te  was determ ined by exposing to the fish a known 
am ount of food (plant, anim al, or mixed) for 24 hrs. A fter this tim e non-eaten 
food was removed from the aquarium  and dried to a constant w eight a t 60°C. 
Sim ultaneously a control sam ple of food was weighed and dried, in order to 
calculate the dry m atte r content. The dry w eight of food consumed was calculated 
by difference between dry w eight of food given and th a t of food rem aining. From 
the dried rem ains a subsam ple was taken each tim e and it was burned in 
P h i l l i p s o n  (1964) m icrobom b-calorim eter in order to assess its calorific value 
(3 com binations w ere m ade of each subsam ple). The ash content in the food was 
also determ ined by burning the food at a tem peratu re of 550°C.

In order to check w hether calorific value of p lan t food does not undergo any 
change w ithin 24 hrs of exposure in w ater, the lettuce used for the experim ent 
was divided into two portions and calorific value of one portion was determ ined 
before placing it into w ater and of another portion after 24 hrs exposure in a 
control vessel w ith w ater but w ith no fish. No difference w as found in calorific 
value before and afte r exposure.

From the product of calorific value of food (calories per mg dry wt.) and the 
am ount of food eaten (mg dry wt/24 hrs) the calorific content of diel food con­
sum ption was determ ined.

The general design of the experim ents is given in Table I.

Table I. Design of experim ent

Type of experim ent
No. of sam ples No. of fish Range of fish 

weights (g)Food Q uantity

P lan t Excess 246 27 15-450
A nim al Excess 114 14 70-300

Mixed
food

Both in excess 103 14 30—300
Anim al in excess 
+  p lan t food (g): 10 

5
2.5

21 7 122-288

P lan t in excess,
+  anim al food (g): 10 

5 
2.5 
1.0

27 9
72—122
97—152
99—157

104—164
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The experim ents w ith the food excess (3 firs t series in Table I) were run  for 
several m onths. Before each experim ent was started , the fish had been acclim ated 
to a given food for about one month. On the other hand the experim ents w ith 
m ixed food lasted for a short period. A fter 3 days of habituation  to the rationed 
iood only 3 replications w ere made, and the average calculated.

3. RESULTS

The food consumption rate was considered as amount of food eaten  
within 24 hrs, and expressed in calories. The calorific value of 1 mg 
of animal food was calculated from 1.4 combustions of Tubificidae. The 
differences in subsequent combustions were so sm all that for further 
calculations an average was used. The calorific value of 1 mg dry weight 
of Tubificidae amounted to 5.307 ±0.037 (S. E.) cal. The calorific value  
of lettuce varied w ith season, thus it was measured for each experiment; 
it ranged from 3.054 to 5.021 cal/m g dry wt.

The results of consumption rate experim ents at the plant food in 
excess and at m ixed food are presented as dependence on weight of 
fish, expressed in the form of regression equation (C =  a • \Vb). Such  
approach was not possible when supplying exclusively  animal food since 
such dependence was non-existing. On the other hand, the dependence 
of consumption rate with m ixed food on body weight of fish is presented  
in Fig. 1 and can be described as C =  1.06 • W0-49, where the consumption 
rate is expressed in Kilocalories and weight of fish in g. The regression 
is significant at the 99°/o confidence level.

For plant consumption rates (Fig. 2) this dependence is C =  0.30 • W0-80

Fig. 1. Dependence of consum ption ra te  on body w eight a t the excess of
p la n t+  anim al food
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Fig. 2. Dependence of consum ption ra te  on body w eight a t the excess of p lan t
food

using the same units. The regression is significant at 99% confidence 
level. The two regressions differ greatly.

For these regressions it results that young fish, below 60 g in weight, 
consume more energy when given m ixed food than exclusively  plant 
food. The reverse dependence was found in older fish (the consumption  
rate was higher when only plants were supplied than when m ixed food 
was given). This result is confirmed by Fig. 3. It is evident that the 
fish about 300 g in w eight when given animal, plant, or m ixed food 
consume the highest amount of energy w hen fed on plant food (about 
two times as much as w ith animal or m ixed food, expressed in calorific 
units). From Fig. 3 it is also clear that as the fish become older, the 
consumption rate also increases when anim al or m ixed food is supplied. 
When supplying plant food exclusively, this increase is astonishingly  
high.
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Fig. 3. Dependence of consum ption ra te  on the type of food supplied. I — excess 
of p lan t food, I I — excess of p la n t+  anim al food, III — excess of anim al food

Besides the experim ents discussed above short-lasting experim ents 
were carried out when one item  of food was supplied in excess and the 
remaining in decreasing amounts. These results are presented in Fig. 4. 
The fish faced with an excess of animal food (Fig. 4 A) do not consume 
it in a constant rate. In the two first series (I and II —  10 and 5 g plant 
food) when the food supply seem ed to be sufficient since the fish does 
not consume it w holly the amounts of eaten Tubificidae were similar. 
On the other hand, when availability of plants was diminished to 25 g 
(Fig. 4 A —  III) the fish consumed clearly less animals (about 4 g =  
=  3.7 Kcal).

In the experim ents where the plant food was given in excess and the 
anim al food was given in dim inishing portions (Fig. 4 B) the consumption  
of food did not show the same tendency. The plant food (given in excess) 
w as more and more consumed when the supply of animal food was 
diminishing. However, when converted to calories the differences are 
sm all and range from 4 to 4.5 Kcal. The rations of food 5, 2.5 and 1 g 
(Fig. 4 B — II, III, IV) were consumed entirely. This experim ent sug-
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Fig. 4. Dependence of consum ption ra te  on quan tity  and quality  of food 
supplied. 1 — food consumed, 2 — food rem ained. A — excess of anim al food 
(20 g)+dim inishing ration  of p lan t food: I — 10 g, II — 5 g, III — 2.5 g; B — exces* 
of p lan t food (15 g) +  dim inishing ration  of anim al food: I — 10 g, II — 5 g,

III — 2.5 g, IV — 1 g

gests that a relatively constant amount of plant food is consumed, ir­
respective to the amount of animal food eaten. Both in case when the 
fish have consumed about 8.5 Kcal of animal food, and in the case when 
they consumed 4.5 Kcal, the energy of plant origin amounted to 4 Kcal 
(Fig. 4B —  I, II). When diminishing the amount of Tubificidae eaten to
0.9 Kcal (Fig. 4 B — IV) the amount of lettuce eaten increases from  
4 Kcal only to about only 4.5 Kcal.

4. DISCUSSION

Investigations on the energy and matter budgets in grass carp have 
proved that this fish can feed both on exclusively plant or exclusively  
animal food. From a theoretical calculation it is known that:

C = P + R + F U
in other terms:

C = A + F U
where:

A  =  P + R
then:

P =  A —R
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Thus, if we have in disposal such data as C, R,  and A,  w e can 
estim ate the expected amount of growth of the fish. The results of such 
calculations for three exem plifying groups of fish of different weights 
are presented in Table II. It includes the results of experim ents with  
different types of food. The values of consumption are obtained experi-

Elements of energy balance in grass carp. Part IV 3 1 5

T able II. Elem ents of energy balance of grass carp fed w ith d ifferent types of food, 
based on data by Fi s c h e r (1972 a, b)

M ean w eight 
(g)

Balance
param eter

(Kcal)

Food

Animal Mixed Plant

C 7.8 9.5 5.0
*74. A 3.1 3.4 1.0

R 0.9 0.9 0.8
P = A —R 2.1 2.5 0.2

C 20.5 23.8 16.0
235 A 8.2 8.0 3.2

R 2.3 2.0 1.7
P = A —R 5.8 6.0 1.5

C 24.5 24.4 45.0
295 A 9.8 10.7 9.0

R 2.6 2.4 1.9
P = A — R 7.1 8.3 7.0

m entally in this paper, but such elem ents of the budget as assimilation, 
respiration and growth (A, R,  P), are based on the data obtained  
previously ( F i s c h e r  1970, 1972 a, b). For these calculations the fo ll­
owing were accepted: the assimilation efficiency of animal food =  40%, 
the respiration rate calculated from the regression equation P 0 2 =  300-  
• W0-83, the oxycalorific coefficient being 4.83; and of plant food: the 

assim ilation efficiency =  20%, the respiration rate calculated from the 
equation P 0 2 =  487 • W064, the oxycalorific coefficient being 5.031.

The values given in Table II w ere approximated. From this Table 
it results that growth (P), obtained by subtraction of the calories burned 
in the respiration process from the assimilated calories is similar both 
when applying animal and m ixed food. It can be thus supposed that 
when the fish are given m ixed food these are Tubificidae that are mainly 
eaten. The average of all m easurem ents shows that w ith the excess of 
anim al-fp lant food the animal food constitutes 75.76% of the whole 
consumption with standard error of 0.27%, and standard deviation of 
2.74%.

The increasing consumption rate with the increase in weight of fish  
at the excess of animal and m ixed food follow s more or less sim ilarly
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(Table II). H owever, w hen plant food w as given exclu sively  there was 
a large increase in consumption rate at increasing fish  w eight from about 
240 to 300 g. W ithin these relatively  small differences in w eight the 
consumption rate increased by about 3 tim es (Table II, from 16 to 45 
Kcal). Assum ing a constant assimilation efficiency of plant food (20% 
—  F i s c h e r  1972 a, b), it would result that the grass carp ca. 300 g 
in w eight w hen feeding exclusively  on plants utilizes about 7 Kcal for 
growth. Thus, the increm ent of its body should be sim ilar to that of 
grass carp fed w ith animal food. This statem ent is not true. W ithin 10 
days the fish (five experim ental individuals) fed exclusively  w ith  plants 
lost their weight by about 2.2% of its initial weight (minimum 1.2%, 
m axim um  3.38%). At the same tim e other fish of a similar w eight fed  
exclusively  w ith  animal food gained w eight by 3.9%, on the average 
(minimum 2.04%, m axim um  6.82%). Thus, since the fish are losing their 
weight, one should assume that when fed w ith plant food they either 
increase rapidly their respiration (which is less probable) or diminish  
their assimilation efficiency. This latter explanation seem s to be most 
probable. It is possible that w hen reaching 300 g in w eight the fish, 
undergo a strong lack of ’’m inim um ” factor (e. g., some of egzogenic 
aminoacids), so that the food consumption rate increases rapidly. It is also 
possible that lack of this factor in the food brings about a ceasation of 
growth. It is probable on account of inconspicuous amount of some 
aminoacids in plant food, such as leucine, isoleucine, valine ( P h i l l i p s  
1969).

Thus, it results that the most optimal diet for grass carp should  
include about 75% of anim al food, which would ensure the growth of 
the fish, and the remaining 25% of plant food, which would supply  
w ith necessary vitam ins and large amounts of carbohydrates utilized  
m ostly for respiration ( F i s c h e r  1972 a, b). Basing on this statem ent 
the results of experim ents when the grass carp was fed w ith different 
rations of animal and plant food become very interesting (Fig. 4). From  
Fig. 4 it is clear that lim itation of the amount of animal food, irrespective 
to the fact that it is less than 1 Kcal or 8 Kcal, w ith  a sim ultaneous 
excess of plant food does not affect the amount of plants eaten. The dif­
ferences in extrem al cases amount only 0.5 Kcal, but w ith  reversely  
designed experim ents when the animal food is given in excess and plant 
food is limited, the consumption of animal food is decreased by almost 
half at the lim itation of plants supplied to 0.5 Kcal. Thus, it is concluded  
that the grass carp needs some m inim um  amount of plants, which w ould  
facilitate ingestion and digestion of large quantities of animal food 
which, in turn, ensures high increm ent of body wTeight. It follow s that 
both animal and plant food holds some com ponents necessary for a nor­
mal growth of this species. In such situation the herbivorousness of grass 
carp should be considered not as an ability to consume plants, exclusi­
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vely, but as an ability  to consume also plant food besides anim al food. 
The amount of plant food under optimum conditions should amount to 
about 25%. However, the availability  of food for grass carp should be 
considered som ewhat d ifferent than for other fish. It is m ost probable 
that the grass carp has some d ifficu lty  in obtaining m ost of all animal 
food. It is not able to dig in the bottom, as does carp, it is also unable 
to hunt for larger aquatic invertebrates, neither it has filtrating abili­
ty. One can infer that the grass carp has a broader physiological food 
spectrum than ecological one —  the one it encounters in the field. B e­
cause of lack of ecological adaptations for consum ing the anim al food, 
it feeds on plants. It seem s that when faced with the choice of food, the 
grass carp depends m ostly on availability of food. This was confirm ed  
by the results of earlier experim ents on the food preference of this spe­
cies ( F i s c h e r  1968). Those experim ents were as a m atter of fact 
carried out almost exclusively  on plant foodstuffs, but they proved that 
the availability of food decides foremost upon its choice. Thus it seem s 
very probable that w hen given  the choice of animal and plant food, the 
grass carp depends also on its availability. H owever it is unable to get 
enough animal food. It is m ost probable that if there is a shortage of 
animal food, and nolens volens grass carp feeds on plants; this brings 
about the dim inished growth rate of this fish.

Thus, grass carp plays a role of an omnivorous consumer in aquatic 
reservoirs. One should expect that depending on the composition of 
flora and fauna in the reservoir, that is food supply and competitors, 
the grass carp can change the diet and adapt to any trophic situation  
in the reservoir. However, this fittness should be considered as am elio­
ration or deterioration of trophic conditions that affect grately the 
growth of the fish.
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5. SUMMARY

The study aim ed at defining the consum ption ra te  by grass carp fed 
m ainly w ith  p lan t and anim al food sim ultaneously. I t was found th a t under such 
trophic conditions in the laboratory, the anim al food constitutes about 75% of the 
to tal am ount of food eaten. In  order to get a broader com parison the consum ­
ption ra te  was also studied in fish 30-300 g in  w eight fed w ith  p lan t and anim al 
food separately. A series of experim ents perta ined  also to the  situation  when 
the fish w ere given an excess of anim al food and a dim inishing rations of 
p lan t food and vice versa i.e. an excess of p lan t food and a dim inishing rations 
of anim al food. The la tte r  experim ents proved th a t the lack  of p lan t food or its 
dim inished am ount (about 0.5 Kcal) brings about a dim inishing quantity  of 
anim al food eaten, even th a t it is supplied ad libitum .
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6. STRESZCZENIE

B adania miały na celu określenie rac ji pokarm owej białego am ura żywio­
nego przede wszystkim  równocześnie nadm iarem  pokarm u roślinnego i zw ierzę­
cego. Stwierdzono, że w takich w arunkach pokarm owych w labora to rium  pokarm  
zwierzęcy stanowi ok. 75% całości zjedzonego pokarm u. Celem uzyskania szersze­
go porów nania przebadano również rację  pokarm ow ą am ura, w granicach wag 
od ok. 30 do ok. 300 g, żywionego wyłącznie pokarm em  roślinnym  i wyłącznie po­
karm em  zwierzęcym. W ykonano również serię doświadczeń przy stosowaniu po­
karm u zwierzęcego podawanego w nadm iarze, w różnej, coraz m niejszej ilości 
pokarm u roślinnego i odw rotnie — przy stosowaniu pokarm u roślinnego w n ad ­
m iarze, a zm niejszającej się ilości pokarm u zwierzęcego. Doświadczenia te w y­
kazały, że b rak  pokarm u roślinnego lub jego małe ilości (ok. 0,5 Kcal) powodują 
zm niejszenie ilości zjadanego pokarm u zwierzęcego, który jest podaw any w nad ­
miarze.
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ABSTRACT

Five electrical fishing machines, four of which w ere portable, producing d iffe­
ren t cu rren ts and using several fishing techniques, w ere tested to determ ine their 
efficiencies. There were great differences of efficiency between the machines, 
which w ere apparen t in the firs t fishing (P efficiency) as well as in the th ird  
(Q efficiency). In the light of the results, m odifications are proposed to im prove 
the experim ental method.

1. INTRODUCTION

At the Symposium on E lectrical F ishing a t Belgrade (1966), a w orking party  
was set up for the purpose of developing an objective m ethod of m easuring the 
efficiency cf an electrical fishing m achine or a type of cu rren t, the efficiency 
being defined as the relationship between the num ber of fish caught and the 
num ber present in the w ater under consideration. The report of the Symposium 
appeared in two publications (V i b e r  t 1967, 1968). I t em erged from  the discus­
sion at Belgrade tha t in d ifferent countries, or for d ifferen t scientific conside­
rations, d ifferent types of cu rren t and differen t methods of fishing w ere used 
in sim ilar conditions, w ithout any com parison which would allow the best to 
be recognized. It therefore appeared appropriate  to assem ble a group of experts 
to dem onstrate electrical fishing in the same body of w ater, w here each could 
arrange in his own way to obtain the best efficiency.

In the first instance the experts w ere asked to subm it plans for m ethods 
of efficiency testing complying w ith two requirem ents: objectivity and repro­
ducibility. It was agreed to confine the tests to relatively  sim ple conditions, 
w ith portable fishing m achine in a tro u t stream .

Two m ethodr w ere proposed: one by R. C u i n a t  (1969, “A ssessm ent of 
the efficacy of electric fishing gear in a trou t stream ”, unpubl.) and the other 
by P. L a m a r  q u e  (1969, “P ro jek t d 'elaboration d 'une m ethode de tests 
d'efficacite de peche a l'electricite”, unpubl.). C u i n a t's m ethod rec ommended 
the conduct of the tests in a channel or a section of a w ater course previously 
em ptied of native fish, into which a known num ber of fish was introduced, 
w hile in the method of L a m a r q u e  the tests w ould be carried  out in a n a tu ­
ra l stream  on the native fish. For p ractical reasons obtaining in the local condi­
tions, the method selected was th a t of C u i n a t .

1 Technical report of the EIFAC W orking P arty  on E lectrical F ishing held 
a t Giżycko, Poland, October 1969. http://rcin.org.pl
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I t  was fu rther suggested th a t the efficiency tests should be com pleted by 
tests of fatigue and m ortality , carried  out w ith  each m achine in  sim ulated 
fishing conditions ( C h m i e l e w s k i  et al. 1973).

W. D e m b i ń s k i  (Poland) kindly agreed to organize the in ternational 
m eeting and all the tests. In the conduct of the tests he had  a very  effective 
cooperation of A. K o r y c k i ,  K. K r a s o w s k i  and J. W a 1 u g a (all of Po­
land). Besides the above, the o ther experts participating  in  the m eeting w ere: 
A. C h m i e l e w s k i  (Poland), R. C u i n a t  (France), E. H a l s b a n d  (Fe­
deral Republic of Germany), G. H a r t l e y  (United Kingdom), P. L a m a r q u e  
(France) and P. S h a r k e y  (Eire).

Four portable fishing machines w ere supplied by the following countries: 
Eire, F rance, Federal Republic of G erm any and the U nited Kingdom. The m a­
chine used for clearing the section betw een tests w as Polish.

2. MATERIAL AND METHODS

A stretch  of the river Drwęca, near the farm  of the  Polish Angling A sso­
ciation a t Czarci J a r  (N orthern Poland), was chosen as the  site for the tests 
(Fig. 1). The charak teristics of the stretch  w ere as follows: length — 100 m, 
w idth  — 2 to 4 m, depth — 0 to 0.9 m, conductivity — 333 nS/cm, tem peratu re  — 7°C, 
flow speed — 0.18 m/sec, bottom  — sand and mud, em ergent vegetation — Acorus 
calamus.

The experim ental stre tch  was isolated by traps a t both ends (Fig. 2), and 
all the native fish w ere rem oved electrically before the tests; these comprised 
rainbow  tro u t which had escaped from  the fish farm , tench, carp, and pike.

In  the present investigations two species w ere used: rainbow  tro u t (Salmo  
gairdneri Richardson) and common eel (Anguilla  anguilla L.)

The fish had been m arked w ith plastic tags 5X10 mm attached  an terio r to 
the pectoral fins (Fig. 3). Each tag was num bered according to the batch  used 
for a test. Three colours w ere used for the tags to distinguish size classes.

Fig. 1. G eneral view of the experim ental stretch  of the R iver Drwęcahttp://rcin.org.pl
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Fig. 2. D iagram  of the  upstream  trap

The composition of each batch of fish is shown in Table I. I t  was intended
to use fish in num bers and sizes appropriate to  a trou t stream . The batches of 
fish had been prepared and held before the s ta rt of the tests a t the fish  farm  
at Czarci Jar. A reserve supply of fish had been arranged  for every batch in
case of sickness or death occurring before the tests. Every care had been taken
over aerating  the travelling tanks and expediting the ir transport in order th a t the 
fish m ight reach the experim ental sector in perfect condition.

The machines intended to be tested and the one used for clearance have 
been respectively designated by the le tters A, B, C, D, and E; th e ir  characte-

Fig. 3. Fish tagged. A and B — trout, C — eel. P lastic tags indicated w ith arrow s
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Table I. Composition of a batch of fish

Species Length
(cm) N um ber Tag colour Tag num bers

5—10 80 red 1 to 8
T rout 1 0 - 2 0 60 w hite according

2 0 -3 0 20 green to batch

20—30 20 red 1 to 8
Eels 30—40 20 w hite according

40—50 20 green to batch

Table II. G eneral characteristics of the m achines and characteristics under
tests

Fishing machines

i

A B C D
E

(A lternator 
used for 

clearance)

W eigh t w ith o u t b a tte ry
(kG) 3.2 4.5 1.5 — 104

V o lta g e  (V) 12 12 6 12
B attery  C a p a c ity  (Ah) 9 7 10 A lternator

W eigh t (kG) 7.3 5 5 —

D u ra tio n  u n d er A lte rn a to rf is h in g  co n d it io n s  (hr) 5 5 6

M axim u m  p o w er  (W) — 100 80 80 2 kVA
P o w e r  u sed  (W) 36.7 34.6 5.0 32.2 1425 W

P o rta b le  on  b ack yes yes no yes no
A ctu a lly  ca rr ied no yes no yes no

sh a p e triangular circu lar Y -shaped square circu lar
A n o d e

a rea  (cm 2) — 700 — 600 plate

s h a p e see text see tex t see tex t see tex t see text
C ath od e

area  (cm 2) — 1600 — 300 1600

S a fe ty  sw itch yes yes — yes see text

T y p e  of cu rren t C ondenser Condenser Rectified
discharge Pulses discharge Pulses AC

sm oothed

V o lta g e  ra n g e  (V) 350 150—300 300—450 350 220—280
P u lse  v o lta g e  u sed  (V) 350+peak 150-f-peak 350+peak 220-f-peak 250+ 30

F re q u e n c y  r a n g e  (Hz) 10—150 2 - 2 0 0 34.5 20— 66 100
F r e q u e n c y  u se d  (Hz) 118 64.5 34.5 36 100

R an ge o f p u lse  w id th Rectified
(ms) — 0.5—400 — 1 — 10 AC

P u lse  w id th  u sed  (m s) RC=0.3 Ö RC=0.1 2 sm oothed

I n te r -e lec tr o d e
r e s is ta n c e  d u rin g  te s t 70.5 61.3 40.2 97 6 43.2

(ohm )

— n o  data  a v a ila b le .
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ristics are  shown in Table II. The interelectrode resistances w ere m easured in 
the condition of use by the relationship  U/I, when coupled to the a lternato r 
E. The diagram s showing pulse shapes of the various machines w ere produced 
subsequently, from  the oscillograph traces supplied by each expert w ith his 
apparatus working into the interelectrode resistance determ ined on site (Fig. 4).

C ertain  machines possessed peculiarities which are w orth mentioning.

M a c h i n e  B. The cathode m akes contact w ith the w ater a t th ree positions; 
two of these are formed by a non-slip  chain over-boots w orn by the fisherm an 
over his w aders, and the th ird  by a copper strip  dragged behind the fisherm an; 
the area of this one can be reduced according to the conductivity of the water.

M a c h i n e  C. The cathode consisted of th ree linked bamboo rods (each 
a m etre long) floating bare w ires which hung down in the w ater. The w ires were 
each about 30 cm long and there w ere about 13 on each bamboo. This was in ten ­
ded to form  a barrie r across the stream  behind the fisherm an, and was dragged 
by two assistants, one on either side of the stream .

M a c h i n e  D. The cathode consisted of a copper tube about 30 cm long 
and 4 cm in diam eter pushed onto the end of a staff. This type of cathode is 
m eant to be used as a wading staff and can be also used to drive fish out of 
shelter.

M a c h i n e  E. An electronic safety device autom atically  reduces the voltage 
from the w orking value of 220-280 volts, to 12 volts, the safety voltage when 
the anode is out of the w ater; when the anode is again im m ersed, the working 
voltage is re-established. This obviates accidents should the anode touch a fisher­
man.
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Fig. 4. Pulse course u  =  u(t) and graphical calculation of the m ean pow er fo r
m achines A, B, C, D and E
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Fishing techniques are shown diagram atically  in Fig 5.

M a c h i n e s  A and E. The generator rem ains on the bank, the cathode 
is placed in the stream  near the generator. The anode is connected by a cable 
of adequate length. In th is technique, four operators were needed, one of whom 
handled the cable.

M a c h i n e s  B and D. These are carried  on the back of the  user, and 
only th ree operators are necessary.

M a c h i n e  C. The generator is carried  by one operator, who also handles 
one end of the cathode " ra f t”, the other being held by a second m an on the 
opposite bank. Five operators are necessary.

Fig. 5. Fishing techniques. A—E — machines. 1 — electrical fishing m achine, 2 ■ 
active electrode, 3 — passive electrode

For each test the operations w ere as follows: decanting the batch of fish, 
and d istributing  them  troughout the test sector; w aiting ten m inutes to allow 
the fish to settle down and take shelter; fishing w ith the m achine under the 
test, which took tw enty m inutes; the sector was worked from  the lower to the 
upper end, in order to keep the w ater clear for the fisherm an; lifting  the traps 
a t both ends of the sector; clearing the sector by fishing w ith m achine E.

These operations occupied 1 hr 30 min. The fish caught in the course of each 
test were im m ediately carried to a bench w here a special team  identified and 
counted them. The tests took place in the order and a t the tim es and dates 
shown in the Table III.

Test No. 1 was considered as a “b lank”, and used to determ ine the fishing 
tim e. Tests 1, 2 and 7 on the one hand, and 3 and 6 on the other, carried out 
w ith  the same machines, allowed the variation  in the resu lts for a single m ach i­
ne to be studied. Finally, test 8 concerns the m achine used for clearing the chan­
nel of fish; it was m eant to com pare the results w ith those obtained w ith o ther 
machines.

All the tests, except the 6th, w ere carried by the same team  of technicians, 
who w ere fam iliar w ith practical electric fishing from  long experience.

Several factors conspired to disturb the course of operation: An excessive 
stocking w ith fish from  the reserve in the course of one of the firs t th ree  
trials; it appears from  the analysis th a t the results of test 2 a re  affected; 
An escape of fish from  the sector past the  traps, which had been underm ined 
by the w ater flow; analysis of the results suggests th a t these escapes w ere p arti-

http://rcin.org.pl



The efficiency of electrical fish ing m achines 327

Table III. Dates, tim es and order of the tests

Date
S tarting tim e 

for test 
(hr)

Test num ber Machine

1.X.1969 12.40 1 A
14.03 2 A
15.39 3 B

2.X.1969 8.50 4 C
10.14 5 D
11.40 6 B
13.10 7 A
14.35 8 E

cularly  large during test 7; A breakdow n owing to the contact failure in the 
case of m achine B during test 6, a t the upper end of the sector, a t the tim e when 
the trou t should have been concentrated between the trap  and the fisnerm en; 
The in te rm itten t rain  and occasional lightning which to some ex ten t ham pered 
the  fisherm en during some of the tests.

O riginally it had been intended to m easure fishing efficiency only in the case 
of fish which had not been electrically  fished previously. However, as the clearan­
ce fishings w ere incomplete, fish belonging to earlier batches accum ulated in the 
stream , and this had perm itted  two categories of efficiency to be determ ined for 
each m achine: the efficiency which we designate P (P t for trout, P e for eel), which 
applies to fish liberated for the particu lar test; the Q efficiency (Qt and Qe), 
applying to fish rem aining in the river afte r having escaped both the m achine 
under test and the subsequent clearance; it therefore represen ts the efficiency 
of the th ird  fishing.

Reference to the Tables IV and V, containing all the results, w ill show these 
efficiencies calculated thus:

Efficiency P2:
Batch 1, column 6 to tal

For test 1 ,------:-------- 7 ~r  v r  X 100Batch 1, column 4 total

„  Batch 2, column 11 total
For test 2 - ■ . . _----- :-------------, , . X100Batch 2, column 4 to tal

and sim ilarly  for succeeding tests.

Efficiency Q2:

Inapplicab le to test 1.

For test 2

For test 3 

etc.

(Batch 1, column 11 total) X 100
(Batch 1, column 4 total) —(batch 1, column 10 total)

___________ (Batch 2, column 16 total)X100
(Batch 2, column 4 total) —(batch 2, column 15 total)

3. RESULTS

Distribution of recaptures is shown in Table IV for trout and Table V  
for eel.

2 These so calculated efficiencies concern the whole batch of fish; to  calcu­
la te  the efficiencies by class of length, it is necessary to refer to the correspon­
ding columns.
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T a b le  IV .

U . t. — u p stream  trap , d. t. — d o w n strea m  trap

N o  o f  t r o u t  
b e f o r e  t h e  

b e s t s T e s t 1 T e s t  2 T e s t 3 T e s t 4

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25

Ó
fc

win
03 <1)c/3

<3
cj
C
CO oq

o>
cj
C
CO CO

CDCJ
C
CO

C3CJ
C
CO

Xcj m £(I) CJ
cj <D 03r—4 -4—1 4->cn 

<D
Eh

4-> co
<u

CO C/3 -ł-i -t-> CO0)
CO C/3 4-» CO

<3
co4-» C/3

<3
Eh

CO<3
CO

03
m 35 Ph K Eh P P U Eh Eh P  Q  u  Eh Eh P Q U Eh P Q U Eh

5 - 1 0

1
8 0  80 11 __ _ 25 36 3 ___ 13 16 5 _ _ 3 8 __ __ __ 3 3

1 1 0 — 20 60 60 19 — — 13 32 — -------- 6 6 5 — — 2 6 — — — — —

2 0 — 30 2 0  20 6 7 13 1 2 3

5 — 10 44 80  124 11 --- --- 33 44 5 __ __ 5 10 __ __ __ 6 6

2 10— 20

2 0 — 30

28

7

60 88
20  27

19

10
—  1
—  5

25 45  
4 19

4 3 7 1 1

5 — 10 64 80  144 36 — — 1 37 — — — 12 12

3 10— 20 37 6 0  97 30 — — 9 39 — — — — —

2 0 — 30 5 20  25 16 1 17

5 — 10 89 8 0  169 44 — — 1 45

4 1 0 — 20
2 0 - 3 0

45
8

60  105  
20  28

1
2 — —

17
8

18
10

5 — 10 103 80 183

5 10— 20
2 0 — 30

87
17

60  147

2 0  37

5 — 10 131 80  211

6 10— 20
2 0 — 30

114
29

60 174  

20 49

5 - 1 0 152 80  232

7 10— 20
2 0 — 30

139
38

60  199  

2 0  59

5 — 10

1

175 80  255

! 8
i

1 0 — 20

2 0 - 3 0

180

51
6 0  24 0  

2 0  71

T o ta l 1280
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R ecaptures of trou t (unworked data)

N um bers of tro u t recaptured

M
ac

hi
ne

T est 5 Test 6 Test 7 Test 8 j Total

26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48 49 50

Te
st 

5 
U.

 
t.

D.
 

t.
C
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ce

T
ot

al

Te
st 

6 

U.
 

t.
D.

 
t.

C
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ce
T
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al

Te
st 

7 
U.

 
t.

D.
 

t.
C
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ce

T
ot

al

Te
st

 
8 

U.
 

t.
D.

 
t.

C
le

ar
an

ce
T

ot
al

T
es

ts
 

U.
 

t.
D.

 
t.

C
le

ar
an

ce
T

ot
al

---------------------
2 ----------- 2 1 -------1 2 -------------------- 22 -------  45 67

2 3 ----21 47
7 -------9 16

A

1 -------1 2 2 ------------2 2 -------1 3

1 ----------------

21 -------  46 67
23 — 1 29 53 
11 — 5 4 20

A

1 — 1 7 9 2 ----------- 2 3 ------------3 1 -------2 3 33 — 1 32 66
30 -------  9 39
1 6 -------1 17

B

2 — 1 8 11
2 ------- 7 9

3 ------- 3 6

1 ------------1

----------- 1 1 2 ------------2 11 — 1 53 65
3 ------- 24 27
3 -------3 11

C

9 -------21 30
7 ------- 17 24
4 -------4 8

3 — 1 6 10
5 -------2 7
1 ----------- 1

4 -------8 12
1 -------1 2
1 ----------- 1

3 -------1 4
1 -------1 2

19 — 1 36 56
1 4 -------21 35

6 -------4 10

i
D

24 -------  15 39
16 — 1 1 1  28 

8 -------1 9

6 -------3 9
1 -------1 2

4 -------5 9
1 -------1 2

34 -------  23 57
18 — 1 13 32 

8 -------1 9
B

1 6 -------12 28
6 ------- 9 15
2 -------4 6

8 -------4 12
3 -------1 4
2 ----------- 2

24 ------- 16 40
9 ------- 10 19
4 -------4 8

A

40 -------  10 50
47 -------  7 54
1 8 -------1 19

E

239,—|l0 4091758
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Table V.

V.  t. — u p stream  trap, d. t. — d ow n stream  trap.

No. of eels
oeior eine 

tests Test 1 Test 2 Test 3 Test 4

1 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25
o in CD <u a o
53 03

a CDinre

«

T—< Cre CM
Öre CO C

re
cre

o
re
«

N  £
V re mQ)

E-t

re0) re•*-* w
<D
H

+* re
CD

reH-> mCD
H

re<u re in
CD
Eh

rea> re

w S OS H P  0 U H *3 Q U H Q U H 53 Q U Eh

20—30 20 20 4 —  1 3 8 1 _ _ 6 7 _ _ _ _ _ _ _ ___ ___ ___

1 30—40 20 20 1 —  1 3 5 4 — — 2 6 1 — — — 1 — ------- 1 1
40—50 20 20 2 —  — 5 7 1 1 — 3 5 -- — — 1 1 —

20-30 12 20 32 7 1 8 1 1 _ _ _ _ _

2 30—40 15 20 35 4 — — 1 5 2 — — — 2 — -------------- — —
40—50 13 20 33 7 — — — 7 — — — — — — ----- --

20—30 17 20 37 5 2 7 1 1
3 30—40 24 20 44 5 — — 1 6 — -------------- — —

40—50 21 20 41 6 — — 3 9 — ----- ----- 1 1

20—30 29 20 49 2 _ _ 4 6

4 30—40
40—50

35
31

20
29

55
51

6

2 --------------

1
4

7
6

20—30 42 20 62
5 30—40

40—50
47
44

20
20

67
64

20—30 54 20 74
6 30—40

40—50
54
57

20
20

74
77

20—30 65 20 85
7 30—40

40—50
59
67

20
20

79
87

’

20— 3C 63 20 8 8

8 30— 4f 
40— 5t

65
76

20
20

85
96

Total 480
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Recaptures of eels (unworked data)

N um ber of eels recap tured

M
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ne

Test 5 Test 6 Test 7 Test 8 Total

26 27 28 29 30 31 32 33 34 35 36 37 33 39 40 41 42 43 44 45 46 47 43 49 50
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1 ----------- 1
5 — 1 9 15 
7 — 1 6 14 
3 1 — 9 13

A

1 -------1 2 --------------------- --------------------- ----------- 1 1
8 -------1 9
7 -------3 10
7 ------------7

A

— -------1 1 -------------------- --------------------- ---------------------
5 -------3 8
 5 ----2 7
 6 ----4 10

B

------------ 3 3
1 ------- 2 3 1 -------1 2

1 ------------1

----------- 1 1
1 ------------1
1 ------------1

1 ------------1  3 ----8 11
9 -------4 13
 4 ----4 8

C

1 -------4 5
— -------7 7
4 -------3 7

 2 ---1 3
 3 ---1 4 ---------------------

1 ------------1
----------- 1 1
------------1 1

4 -------5 9
 3 ----9 12
 4 ----4 8

D

6 ------------6
6 ------- 3 9
5 — 1 3 9

 2 --- 1 3
 3 --------3
2 ----------- 2

2 ------------2
1 ------------1
3 ------- 1 4

1 0 -------1 11
1 0 -------3 13
1 0 — 1 4 15

E

9 -------4 13
6 ------- 3 9
5 ------- 3 8

2 ----------- 2
2 ------- 1 3
2 ------------2

1 1 -------4 15
8 -------4 12
7 -------3 10

A

5 ------- 6 11
1 2 -------4 16
1 0 -------4 14

E

135 — 3 91 229
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Table VI shows the P and Q  efficiencies for each test for each ma­
chine. Trout of all sizes were computed together. The tests are arranged 
in order of decreasing P t efficiency.

■Table VI. Efficiencies P t and Qt for tro u t of all sizes

Batch and Pt (%) Qt CD Total num ber of
test num ber Test Machine Test M achine trou t recaptured*

E 8 65.63 65.63 11.72** 11.72** 123

B
3 45.00

37.50
17.31**

13.25**
122

6 30.00** 9.19 98

2 25.00 5.07 140**

A 1 22.50 20.80 — 6.76 127

7 15.00 8.34 67**

D 5 12.50 12.50 4.60 4.60 101

C 4 4.40 4.40 0.00 0.00 103

G eneral averages 27.50 8.11

* N um b er o f tro u t form  p a rticu la r  b a tch  (160 fish ) reca p tu red  d u rin g  a ll th e te s ts , th e  
c lea ra n ce s  and fo u n d  in  traps.
** V a lu es  d iscu sse d  in  th e  te x t .

Table VII. Efficiencies P t by size classes for tro u t (%>)

M achine Test
num ber

T rout size (cm)

5-10 10-20 20-30

Test Machine Test Machine Test M achine

E 8 50.00 50.00 78.30 78.30 90.00 90.00

B
3 32.50

31.25
50.00

38.30
80.00

60.00
6 30.00 26.60 40.00

A

2 13.70

15.80

31.60

24.40

50.00

30.001 13.70 31.60 30.00

7 20.00 10.00 10.00

D 5 11.20 11.20 11.60 11.60 20.00 20.00

C 4 5.00 5.00 1.60 1.60 10.00 10.00

G eneral averages 22.00 30.00 41.00
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Table VIII. Efficiencies P e and Qe for eels of all sizes

i M achine Batch and Pe (%) Qe (%) Total num ­
ber of eels 
recaptured*test num ber Test M achine Test Machine

E 8 45.00 45.00 20.00 20.00 41

B
3 26.60

27.45
7.50

9,85
25

6 28.60 12.20 39

2 30.00 15.00 26
A 1 11.60 24.87 — 17.22 42

7 33.30 19.45 37
D 5 16.60 16.60 0.00 0.00 32
C 4 8.30 8.30 2.44 2.44 29
G eneral averages 25.04 11.36

* N u m b er o f  e e ls  from  p articu la r  b a tch  (60 fish ) reca p tu red  d u rin g  a ll th e  te s ts , th e  c lea ra n ces  
and  fo u n d  in  traps.

Table IX. Efficiencies Pe by size classes for eels (%)

M achine
Batch

and
test

num ber

Eel size (cm)
20—30 30—40 40—50

Test ) M achine' Test Machine Test Machine

E 8 25.00 25.00 60.00 60.00 50.00 50.00

B
3 25.00

27.50
25.00

27.50
30.00

27.50
6 30.00 30.00 25.00

A
2 35.00

33.33
20.00

18.33
35.00

23.331 20.00 5.00 10.00

7 45.00 30.00 25.00
D 5 5.00 5.00 0.00 5.00 20.00 20.00

C 4 10.00 10.00 30.00 30.00 10.00 10.00

G eneral averages 24.31 25.00 25.62

Table VII shows the P t efficiencies for each test for each machine. 
Results for different size classes were computed separately. Qt efficien­
cies by size classes are not significant owing to the sm all samples, and 
have not been shown in the Table.

Table VIII shows the P e and Qe efficiencies for each test for each 
machine. Eels of all sizes w ere computed together. The order in the 
case of P e efficiencies is the same as that for trout. This is, however, 
not true for Qe efficiencies.
7 — H y d r o b io lo g ia  nr 2
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Table IX shows the P e efficiencies for each test for each machine 
for different size classes of eels. As in the case of the trout, the Qe e ffi­
ciencies are not shown, owing to lack of data.

4. DISCUSSION

In order to obtain a correct interpretation of the differences in effi­
ciency between the various machines, it would be necessary to make 
a statistical comparison of the variability of the results, both for each 
machine and between the various machines. Unfortunately the factors 
which disturbed the course of operations, introduced into the experi­
m ental data uncertainties which preclude a statistical interpretation. We 
m ust therefore restrict ourselves m erely to com menting on the results, 
accepting that they have only a doubtful validity.

Examination of Tables VI and VII, which both concern the trout, re­
veals considerable differences in efficiency between the machines. These 
differences could be the result of sim ple chance or artifacts, but pos­
sibly they may appear to be logically distributed.

Taking Table VI first of all; the results have been arranged in order 
of P t decreasing efficiency values, by test. The order, taken by machine, 
rem ains the same, which goes to show the variation in the results bet­
w een  tests for a given machine is insufficient to affect the order of pla­
cing. This is not rigorously repeated in the case of the Q t efficiencies, 
though it might have been expected analogy that a machine showing 
a higher P t efficiency would probably display a higher Qt efficiency  
also. Now, certain of these Qt efficiencies appear to be dubious; these 
are underlined in Table VI.

The value 11.72% seem s to be underestimated for machine E, which  
was chosen for making the clearances on account of its relatively great 
and constant efficiency (32.16% on average, calculated for clearances 
of Table IV). It is now acting w ith an efficiency Qt on the fish re­
maining in the stream after the previous test, namely, test 7. It is seen  
that of batch 7 only 67 trout have been recaptured by all efforts (2 tests, 
2 clearances and the traps) out of 160 trout put i n 3. This is by far the 
sm allest proportion. As it has been established that trout succeeded  
in passing under the traps, it m ay be questioned whether the percentage 
escaping was not exceptionally high in the case of this batch. This would

3 I t  m ight be supposed th a t the sm all proportion of trou t from  batch 7 re ­
cap tured , and the large proportion from  batch  2, w ere the resu lt of the num ber 
of fishings to which they had been respectively subjected: 4 fishings for batch  7 
and  12 for batch 2, including the clearances. This is not so; one of us has calcu­
la ted  th a t 95°/o of the fish introduced are caught in the  firs t 3 fishings. The sus­
ceptib ility  to capture dim inishes greatly  from  one fishing to the next.
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therefore result in a slight underestim ate for the efficiency in test 8. 
which would have been calculated on a theoretical number of fish grea­
ter than the true number. If this hypothesis is correct, the P t efficiency  
of test 7 would also be underestimated, diminishing the variations in the 
results for machine A.

The value of 17.3l°/o for test 3 appears to be an overestimate. It re­
fers to a Qt efficiency calculated on the fish of the batch 2. Now, in 
this test 140 out of 160 fish were recaptured, a proportion very great 
compared with the o th ers3. It was reported above that an excessive  
number of trout was introduced in error in one of the three first tests; 
this probably occurred in test 2, and the Qt efficiency for test 3 would  
then have been an overestimate. An excessive stocking for test 2 would  
consequently have resulted in an overestim ate of the P t efficiency for 
this test, and consequently a reduction in the variations between the P t 
efficiency values for machine A.

There is a surprising large difference between the P t efficiency of 
45°/o and 30°/o for tests 3 and 6, both carried out with machine B. It has 
already been stated in the description of the course of the tests that 
this machine was out of action for several m inutes when the electro­
des were near the upstream trap, and a considerable number of large 
trout was collected in the space between. During the repair, these trout 
could have escaped downstream, which would explain w hy the efficien­
cy was particularly low for large trout (Table VII).

Thus the anomalies appearing in Tables VI and VII appear to be due 
to known artifacts rather than variations caused by the experim ental 
method itself.

There are additional arguments lending support to the results. Each 
size category can be considered as an independent batch, enabling each 
test to be considered to some extent on a triple basis. For the P t effi­
ciencies, it is obvious that the order shown for the machines in Table VII 
according to fish length remains the same as that for the fish irrespec­
tive of length. It is also obvious that for each machine the P t efficien­
cies increase w ith fish size, as has been w ell known for a long time. 
In the case of Qt efficiencies by size classes, the very small number of 
specim ens robs the results of any significance.

In Tables VIII and IX, which both concern the eels, the tests are 
listed in the same order as for trout: that of decreasing P t efficiencies. 
The order for the machines remains the same for eels as for trout as 
far as the P e efficiencies are concerned. If however, the results are ex ­
amined in detail, they appear far less homogeneous than those for trout. 
In particular, the order of P e efficiencies by size classes is not the same. 
The efficiencies for each test do not increase w ith length, contrary to 
the case with trout. This may be explained by the range of the size
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classes, 5 to 30 cm for the trout, only 20 to 50 cm  for the eels, but 
there may be also other reasons concerned w ith the physiology of the 
animals. The great disparity of the results for eels appears to depend, 
among other factors, on the relatively small number of eels in each test: 
60 eels as against 160 trout.

As concerns the traps, they were intended not only to prevent the 
escape of fish from the sector fished, but also to show the driving effect 
produced by any particular machine. They were only partly successful, 
as trout were able to pass under them. Table X shows that the propor­
tion of fish taken by the traps is small; the results have no great signi­
ficance. It can be seen, however, that the proportion of fish taken in the 
downstream trap is alw ays much greater than in the upstream trap; it 
is possible that the downstream captures are due to drifting fish shocked 
during the fishing operation.

Table X. Fish caught in the traps

M achine Test
No.

U pstream  trap D ow nstream  trap

Fish from  
batch 

under test

Fish from  
other 

batches

Fish from  
batch 

under test

Fish from 
other 

batches

Total
by

m achine

B 6 - - 1 trou t -)- 
1 eel 1 trou t 3

A
2 — 1 eel 6 trou t —

9
1 — 2 eels —

D 5 — — 2 trou t 2
* W ith  o th er  m a ch in es  and  te s ts  n o  f ish  w e re  c a u g h t in  th e  traps.

The method tested has shown that a comparison betw een the ef­
ficiencies of fishing machines could be made, and apparently consistent 
results obtained. However, variations in the results for a single machine, 
probably due to the experim ental artifacts mentioned above, prevent us 
accepting the conclusions as definite.

The tests demonstrated that fish  become progressively harder to 
catch; the follow ing figures show the great reduction in efficiency  
between the first and the third fishing:

mean efficiency P  (first fishing): P t =  27.50%; Pe =  25.04%
mean efficiency Q (third fishing): Q t ~  8.1 l°/o; Qe=  11.36%

In the case of the machine E, there are two successive fishings: the 
test fishing and the clearance, which constitutes a second fishing. These 
provide values of: 65.63% for the first, and 32.73% for the second fish­
ing.

This diminution of efficiency in the course of successive fishings is
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a serious factor in estimating the efficiency of a machine or an electrical 
regime. In fact it is likely that this dim inution varies between various 
electrical regimes and fishing methods. In fish population estimations, 
which are in several countries the chief use of electrical fishing, it is 
important to maintain a high efficiency throughout several fishings; in 
fact, the w idely used D e  L u r y  method (D e  L u r y  1947) is based upon 
the constancy of fishing efforts over several successive fishings.

Lastly, these tests have shown that the efficiency diminished also 
with diminishing size among the trout; this result was expected, and it 
did not seem worth-while to com plicate the organization w ith additional 
length categories. This dees not, however, seem to be the case w ith eels. 
These are more easily stunned than trout, and thus less able to approach 
the anode; this phenomenon is correspondingly more marked as size 
increases, and it may be that efficiency is greater in the case of small 
eels. This must be taken into consideration at the start w hen selecting  
the correct size of eels for the test batch.

Another criticism which m ay be made of the method used was the 
low  efficiency of the clearance operations (32.86% on average) compared 
with anticipation. The probable cause is insufficient smoothing of the 
current generated by the machine used. This resulted in leaving fish in 
the river in increasing numbers as the tests w ent on, and thus created 
circumstances more and more defavourable for successive machines. But 
even if the clearance machine had produced pure direct current, its 
efficiency would have been inadequate, as the clearance operation re­
presented a second fishing at correspondingly reduced efficiency. For 
this method to be rigorously applied, it thus appears necessary that the 
channel be drained and totally cleared of fish after each test.

Having the experience of the above tests some recommendations 
could be made for future efficiency tests.

We have just seen that the channel should be drainable. It should  
in addition include natural features: shelters, rocks, weed, water speed, 
etc. If the channel is too easy to fish, there w ill be insufficient diffe­
rences between various machines. The use of traps both upstream and 
downstream appears to be worth retaining; the lower one collects shocked 
fish washed downstream, and the upper one ensures that fish which have 
escaped upstream in front of the anode shall not be too easily captured, 
as they would if finally confined between the anode and a sim ple grid.

The composition of fish in term s of species and sizes depends on the 
object which is intended. For exam ple, if the efficiency of a current for 
capturing small trout is bt'ing studied, it is useless to release larger trout 
into the test section. In our view  it is better to sim plify the sampling by 
using fish of the same size, and to compensate for this restriction on the 
information by using a great number of fish. In the matter of number, 
200 fish per test appears to us a suitable number. The tests carried out
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with ells were not significant because their numbers (60) were inadequate 
and also because the technigue for catching eels is d ifferent from that for 
trout.

The study of the P efficiency must obviously be continued. It perm its 
comparison between machines used for a single fishing (excluding po­
pulation estimates), as for exam ple a salvage operation or com mercial 
fishing. But it is insufficient to characterize a machine making population  
estimates. As w e have already pointed out, catchability dim inishes con­
siderably from one fishing to the next, and this dim inution m ay be 
greater or less according to the machine used. In general, it seem s con­
siderably more evident with pulsed currents than with continuous direct 
current. It therefore appears important to measure the Q efficiency for 
a second fishing; in the tests carried out at Czarci Jar, the Q efficiency  
related to the third fishing, as the clearance was the second.

The Q efficiency could be measured in the follow ing conditions: the 
fish caught in the first sweep should not be replaced in the water; the Q 
efficiency would be calculated so:

Fish caught in the second fishing 

Total stocked fish less fish caught in the first fishing

This has the advantage of approximating the test to the D e  L u r y  
(1947) method.

The incidents in the field trial such as faults during the test, hazards 
of weather, etc., make it essential that a machine should be tested several 
times. This is equally desirable for the statistical interpretation of the 
results. It seems that 3 tests per machine make an adequate number in 
view  of the limited tim e available for this kind of operation.

We have seen that the em ptying the channel would be an essential 
operation betw een each test and the next. Before undertaking a new  
test, it would seem necessary to make equated inventory of the fish- 
caught: fish stocked =  fish caught by the machine +  fish collected during 
em ptying. If in spite of the precautions taken, fish still remain in the 
channel after em ptying — and this w ill probably occur with eels — it 
w ill be necessary to take account of them in the succeeding test. For 
this reason it would be better to mark the fish intended for each test 
by fin clipping.

The method used in this study requires experim ental arrangem ents 
which have been thoroughly proved. If the tests carried out at Czarci 
Jar did not provide definite results, it was partly because the experi­
mental arrangements had not been tested in advance. Moreover, it could  
only be carried out at a fish farm, where an artificial channel capable 
of being emptied, and a sufficient number of fish, would be found. The 
possibilities of its use are therefore restricted.
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We w ill conclude by repeating that in the absence of a fish farm, 
it is always possible to use on a river, and in natural conditions the 
method proposed by L a m a r q u e .  However, it is important in this 
case, to be sure that the number of fish in the test river is sufficiently  
important to get significancy.
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5. SUMMARY

International group of experts was assem bled to dem onstrate the ir electrical 
fishing m achines in the same tro u t stream . Each was asked to arrange in his 
own way to obtain the best efficiency. In this m anner five machines, four of 
which w ere portable, producing d iffe ren t cu rren ts and using several fishing 
techniques, w ere tested. Their efficiencies w ere determ ined by means of the 
experim ental method proposed by R. C u i n a t .  The efficiencies w ere worse than 
the ones hoped for. There w ere g reat differences of efficiency betw een the m ach­
ines both in the firs t fishing (P efficiency) and in the th ird  (Q efficiency). The 
tests dem onstrated th a t in successive fishings the fish become progressively h a r ­
der to catch.

I t was shown th a t a com parison between the efficiencies of fishing machines 
could be made and apparen tly  consistent resu lts obtained.

On the grounds of the experiences earned a t these tests some recom m endations 
a re m ade to im prove the experim ental m ethod and the whole course of such tests.

6. STRESZCZENIE

Specjaliści z kilku krajów  zebrali się dla zadem onstrow ania połowów w w y ­
branym  cieku pstrągow ym  przy pomocy przywiezionych przez siebie agregatów  
elektrycznych. Każdego proszono, aby prowadził połów w sposób, który, jego zda­
niem, zapewnić może najlepszy w ynik. Przebadano pięć agregatów  w y tw arza ją­
cych różne prądy i w ym agających użycia różnej techniki połowu. Cztery z tych 
agregatów  były przenośne. Ich skuteczności połowowe określano wg m etodyki 
zaproponowanej przez R. C u i n a t .  Skuteczności te okazały się gorsze niż się 
spodziewano. Poszczególne agregaty różniły się znacznie od siebie zarówno w sk u ­
teczności pierwszego połowu (skuteczność P), jak  i trzeciego (skuteczność Q). Próby 
pokazały, że w następujących po sobie połowach ryby coraz trudn ie j poddają się 
połowowi.

Wykazano, że porów nanie agregatów  połowowych pod względem ich skutecz­
ności jest możliwe i że osiągane w yniki są najw yraźniej logiczne.

W oparciu o zdobyte doświadczenia sform ułow ane zostały zalecenia odnośnie 
ulepszenia metodyki tych badań i całego ich przebiegu.

7. RESUME

Des experts, reunis en un groupe in ternational, ont experim ente leurs appa- 
reils de peche ä l ’electricite dans un meme ruisseau a tru ites. Chacun d’eux s’est 
efforce, selon sa propre m ethode, d ’obtenir la m eilleure efficacite. C’est ainsi 
qu ’ont ete testes cinq appareils de peche — dont quatre  portables — produisant 
differents courants et u tilisan t p lusieurs techniques de peche. Leurs efficacites 
ont ete determ inees selon la m ethode experim entale preconisee par R. C u i n a t .
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Ces efficacites ont ete in ferieures ä celles que l’on esperait obtenir. De grandes 
differences d’efficacite sont apparues en tre  les appareils, ä la fois dans la p rem iere 
peche (efficacite P ) e t dans la troisiem e (efficacite Q). Les essais ont m ontre quo 
lors de peches successives le poisson devenait progressivem ent plus difficile 
ä capturer.

Ces tests ont m ontre qu’il e ta it possible de com parer, de faęon valable, l ’effi- 
cacite de plusieurs appareils.

Sur la base des enseignem ents tires de ces tests, quelques recom m andations 
ont ete faites pour am eliorer la m ethode experim entale et le deroulem ent de ce 
genre de tests.
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ABSTRACT

The fish w ere exposed to the  cu rren t supplied by the  m achines which had been 
tested  for their fishing efficiency, in conditions as close as possible to those 
of fishing tests. The tim e w hich elapsed betw een the com m encem ent of exposure 
and the in stan t a t which the  fish recovered was taken  as the Index  of Fatigue. 
Subsequent m ortalities w ere also recorded. Indices of Fatigue are discussed in re ­
la tion  to the m achine under test, distance from  anode, fish length and num ber 
of exposures to the current.

1. INTRODUCTION

One of th e  factors which contribute to dim inish the efficiency of electrical 
fishing is the  te tan ic effect of the cu rren t in the firs t fishing and the fatigue, 
w hich may follow in subsequent fishings. In the firs t instance, fish stunned 
in the ir la irs have less chance of being caught, and those which are already close 
to the  anode are washed aw ay before th e re  is a tim e to catch them. In the 
second case, tired  fish may not be equally catchable, and the efficiency of 
a second fishing m ay be affected by this. I t is therefore im portan t in the plan of 
research  to determ ine which cu rren ts have the least possible tetanizing and fa ti­
guing effects.

One of th e  qualities essential in the electric fishing com pared w ith other 
m ethods is avoiding dam age to fish. Occasionally it is observed th a t even in p rac­
tical electric fishing, fish can be killed.

The E l FAC group of experts m et a t Giżycko (N orthern Poland) w ith the 
objective to m easure the efficiency of th e ir  electrical fishing m achines in the 
sam e tro u t stream . The resu lts of th is experim ent have been reported  by C h m i e ­
l e w s k i  et al. (1973). It appeared then  appropria te  to com plem ent the efficiency 
tests w ith a t least some sim ple observations on the fatigue and m orta lity  effects 
caused by the m achines tested. The resu lts of such tests could have been suscep­
tib le  to s ta tis tica l analysis, bu t then  the  tests had to be designed specially for 
this. In  th is f irs t experim ent, it was felt p referab le  to organize the tests in an 
exploratory  m anner, w ith the object of obtaining the m axim um  am ount of data.

The princip le em ployed was the  exposure of fish for a definite tim e to the 
cu rren t supplied by the m achines w hich had been tested  for the ir fishing efficien­
cy, in  conditions as close as possible to those of the  fishing tests. The fish w ere

1 Technical Report of the EIFAC W orking P arty  on Electrical F ishing held 
a t Giżycko, Poland, October 1969.
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stunned for a set time, and the stunning or lass of equilibrium  persisted after 
the cu rren t was sw itched off. The tim e w hich elapsed betw een the com m encem ent 
of exposure and the instan t a t which the fish recovered was taken  as the Index 
of Fatigue. Subsequent m ortalities w ere also recorded.

2. MATERIAL AND METHODS

Each m achine was tested against two batches of trout. Each batch consisted 
of 6 fish, one each a t 10—15, 20—25, 25—30 cm, and  two a t 5—10 cm.

A container consisting of a wooden fram ew ork covered w ith plastic mesh fo r­
ming an enclosure 40X40 cm, and having a plastic m esh partition  dividing it 
across the center to form front and back com partm ents 40 cm wide and 20 cm 
thick, was used to contain both batches of fish (Fig. 1).

The anode of the m achine under test was located in fro n t of the box, 20 cm 
from the cen tral partition  on the first occasion and 40 cm on the second. This 
provides 4 com binations of distances, corresponding to the re la tive  field intensity  
to which the fish w ere exposed: test a t 20 cm — fish in com partm ent G and H; 
test a t 40 cm — fish in com partm ent G and H.

The cathode was pu t in the sam e position rela tive to the anode w hich it occu­
pied during the efficiency test.

The d istribution  of the fish in the two com partm ents, by num ber and size, 
can be seen from  the column headings of Table I. Fish w ere placed in the two 
com partm ents and the anode of the m achine under test was placed, as previously 
stated, a t 20 cm from  the central partition  for the firs t test. The cu rren t was 
then sw itched on for 15 sec. The fish w ere tim ed from  the s ta rt of the exposure 
period to the in stan t a t w hich they regained th e ir  equilibrium . In order to elim inate 
variations in the assessm ent of this point, the tim ing w as done by the same 
operator throughout. The tim e m easured w as taken as the Index  of Fatigue. The 
fish w ere stim ulated  w ith a probe to accelerate the ir recovery. This m ethod is 
obviously open to criticism , but in the field conditions of the tests, it was d if­
ficult to use a better one.
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Fig. 1. Fatigue and m orta lity  tests arrangem ents (dimensions in cm). A — gene­
ra l view, B — view  from  above, C — section along LK. A, A ' — location of ano­

de's centre, C — location of cathode's centre

From  the com m encem ent of this firs t exposure to the current, a tim e of five 
m inutes was allowed to elapse before the same batch of fish was subjected to 
a second exposure to the cu rren t in the sam e conditions, and then  to a th ird .

A second test followed w ith the fish of another batch, and the anode located 
40 cm from  the central partition . The conduct of the second test was identical 
w ith th a t of the first.

3. RESULTS

The results are shown in Table I. Three fish were lacking. Only 
a single fish was dead, which precludes interpretation of the m ortality  
effects. On this point, the tests were insufficiently rigorous. In calcu­
lating the averages for the Indices of Fatigue, the dead fish was timed  
for 300 sec. This is in fact a tim e after which a trout which is not yet 
breathing has little chance of survival without an artificial breathing.

4. DISCUSSION

A matter of some interest is whether there appears any simple 
dependence between the Indices of Fatigue and the efficiencies. Table II 
shows the mean Indices of Fatigue for each machine with the correspon­
ding first fishing efficiencies for trout. There is no obvious relationship. 
The follow ing comments may, however, be made. Machine D, w ith a re­
latively low efficiency, appeared to cause more shocking; was its low  
efficiency due to this? Machine C, which had a particularly low  effi-
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Table I. Indices of fatigue (sec)

M achine
Distance of 
anode from 
central p a r­
tition (cm)

Occasion of 
exposure to 
electric cu r­

ren t

C om partm ent G C om partm ent H
Length of a fish 'em ' 1

5-10 5-10 15-20 25-30 10-15 20-25

first 40 40 65 235 65 2520 second 40 55 70 150 20 20
th ird 40 110 55 56 35 25

second 50 50 30 70 25 5540 first 35 35 30 115 35 25
th ird 35 35 35 180 30 30

firs t 35 185 50 220 25 30
20 second 35 225 95 140 25 25

th ird 55 70 55 145 25 20
D

second 40 40 45 6 . 25 25
40 firs t 45 50 35 110 30 95

th ird 30 30 90 145 40 25

first 35 35 35 45 25 25 !
20 second 45 45 20 20 20 20

th ird 20 20 20 20 20 20
c

first 25 24 30 30 26 35
4u second 20 20 20 20 20 20

third 25 25 20 25 40 20

first 80 no fish 105 190 35 30
20 second 4 > no fish 70 65 25 25

th ird 55 no fish 120 MORI* 25 25
D

first 95 95 155 40 25 25
40 second 35 40 230 60 30 45

th ird 40 40 210 40 25 25
I

Mean 41.46 j 60.43 71.70 103.37 29.00 30.21 j

*  T he dead  fish  w a s  tim ed  for 300 sec.

ciency, had by far the lowest Index of Fatigue. Can this be the direct 
result of insufficient effect on fish?

A great variation of the values for the Index of Fatigue is obvious 
in Table I, to the extent which makes questionable to what point those 
in Table II may be considered significant. This dispersion m ay be due 
to the distance between fish and the anode at the instant of the test. 
The fish were in fact distributed at random in the two compartments. 
Those in the compartment nearer to the anode could be at any distance 
between 0 and 20 cm from it in one test, and between 20 and 40 in the 
other. In the first case, the potential gradient falls very rapidly in the
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Table II. M eans of indices of fatigue by m achine and the ir f irs t fishing efficiencies
for tro u t

M achine
Means of 

Indices of fatigue 
(sec)

F irs t fishing 
efficiency (%)

D 74 12.50

B 67 37.50

A 57 20.80

C 26 4.40

20 cm; it fo llow s that the fish adjacent to the anode (0 cm) are subject 
to much more current than those at the back of the compartment 
(20 cm).

By taking as a reference value the distance from the centre of each 
compartment, four groups of distances are obtained: one of 10 cm, two 
of 30 cm, and one of 50 cm. By making a differential division of the 
length classes between the various groups, it is possible to compare them  
tw o by two: a distance of 10 cm against one distance of 30 cm; the other 
distance of 30 cm against a distance of 50 cm.

The comparison is given in Table III. It m ay be considered that even  
if the Index of Fatigue appears to decrease significantly between 10 and 
30 cm, a difference is not recognizable between 30 and 50 cm. This 
result was readily predictable. The conclusion is that for future tests, 
there is no point in using distances over 20 cm.

Mean Indices of Fatigue given in a final line of Table I seem  to sug­
gest that fatigue increases w ith  fish length. It is necessary for the 
interpretation of the results to separate the values of the compart­
m ent G from those of compartment H, since the two are at different 
distances from the anode. For the trout of compartment G the varia­
tions between the mean Indices of Fatigue are greater than those found  
in  H; the greater distance dim inishes the variations.

Table IV shows the distinct decrease in the Index of Fatigue w ith  
successive exposures to the current for the 20 cm distance. This appears 
to represent a diminished sensitivity to the electric current on the part 
of the fish, and m ight be correlated w ith the diminishing efficiency of 
successive fishings.

Therefore, in the reported tests the follow ing phenomena have been  
observed: variation of Indices of Fatigue between different machines; 
increased value of the Indices w ith increasing field intensity; increased
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Table III. Indices of fatigue in relation  to the distance from  anode for trou t
(sec)

Machine
Occasion 

of exposure 
to electric 

cu rren t

Distance from  anode (cm)
10 30 30 50

N um ber and length (cm) of fish to be com pared
2 5—10; 1 15--20; 1 25—30 1 10—15; 1 20—25

firs t 95 50 45 40
second 79 54 25 30

A th ird 65 71 30 30

Mean 79.66 58.39 33.33 33.33

first 97 46 27 25
second 123 60 25 62

B th ird 81 74 22 37

M ean 100.33 60.00 24.66 41.33

firs t 37 27 25 30
second 32 20 20 25

C th ird 20 23 20 30

M ean 29.66 23.33 21.66 28.33

firs t 125 96 32 25
second 58 91 25 37

D th ird 158 82 25 25

Mean 113.66 89.66 27.50 29.16

G eneral m ean 80.83 57.84 26.75 33.00

Table IV. Indices of fatigue (sec) in  successive exposures to the cu rren t

D istance from  anode to central partition  (cm)

M achine 20 40 All distances
Occasion of exposure

first second th ird first second third first second th ird

A 78.40 61.00 53.50 46.70 45.90 64.20 62.55 53.45 58.85
B 91.00 91.00 61.00 39.00 60.00 60.00 65.00 75.50 60.50
C 33.00 28.00 20.00 28.00 21.00 20.00 31.00 24.50 23.00
D 88.00 45.00 45.00 72.00 80.00 63.00 80.00 62.50 54.00

Average 72.60 56.26 44.87 46.42 51.72 53.30 59.63 53.99 49.09

value of the Indices w ith increasing trout length; decreasing value of the 
Indices w ith successive exposures to current, indicating a dim inishing 
sensitivity in the fish; virtual absence of mortality, which discounts any 
subsequent damage caused by the machines.

Throughout, the differences are masked where the potential gradient 
is insufficient. http://rcin.org.pl
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These results w ere in fact easy to foresee. The advisability of car­
rying out such tests in the field, where conditions are variable, is de­
batable. It appears to us that a rigorous fatigue and m ortality test ought 
to be made in laboratory. The test should no longer be considered in 
connection w ith  the comparison of the machines them selves, but compa­
rison of types of current. The experim ental conditions should therefore 
be standarized in terms of follow ing parameters: water conductivity, 
a standard fish length, the dim ensions and characteristics of the expe­
rim ental trough, the period of exposure, the determination of the Index 
of Fatigue or M ortality, etc.
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5. SUMMARY

In the course of testing efficiency of portable electrical fishing m achines, 
it appeared appropria te  to m ake some sim ple observations on the fatigue and 
m orta lity  effects in the fish. In  conditions as close as possible to those of fishing
tests, the fish w ere exposed to the cu rren t supplied by the m achines. The s tu n ­
ning or loss of equilibrium  persisted  afte r the cu rren t was sw itched off. The
tim e which elapsed betw een the com m encem ent of exposure and the in stan t a t
w hich the fish recovered was taken  as a m easure of the Index  of Fatigue. Only 
a single fish w as dead, which precluded in terp re ta tion  of the m ortality  effects.

The following phenom ena have been observed: Indices of Fatigue varied  
betw een d ifferent m achines; values of the  Indices increased w ith field intensity  
and fish length; in successive exposures to cu rren t the Indices decreased, 
indicating a dim inishing sensitivity  in  the fish; m ortality  was v irtua lly  absent, 
which discounts any subsequent dam age caused by the machines.

I t  is concluded th a t carry ing out such tests in the field, w here conditions are 
variable, is debatable. A rigorous fatigue and m orta lity  test ought to be m ade 
in laboratory.

6. STRESZCZENIE

W trakc ie  badań  skuteczności połowowej przenośnych agregatów  elektrycz­
nych uznano za w łaściw e przeprow adzenie kilku  prostych prób odnośnie zmęcze­
nia i śm iertelności u ryb. W w arunkach  możliwie najbliższych tym, jakie miały 
m iejsce w  badaniach skuteczności, poddaw ano ryby działaniu prądu  elektrycz­
nego pochodzącego z tych agregatów . Ogłuszenie lub u tra ta  rów now agi u trzym y­
wały się jeszcze po wyłączeniu prądu. Za m iarę w skaźnika zmęczenia przyjm ow a­
no czas, jak i upłynął od początku oddziaływ ania do chwili, w której ryba pow ra­
cała do norm y. Tylko jedna ryba została zabita. F akt ten w yklucza zajm ow anie 
się spraw ą śm iertelności.

Zaobserwowano następujące zjaw iska: w skaźniki zmęczenia były różne dla
poszczególnych agregatów ; w artości tych wskaźników  w zrastały w raz z n a tę ­
żeniam i pola i długością ryby; w następujących po sobie oddziaływ aniach prądu  
w skaźniki m alały, co w skazuje na zm niejszającą się wrażliw ość u ryb; śm ier­
telność u ryb  w  zasadzie nie w ystąpiła; pozwala to przyjąć, że agregaty nie czy­
nią żadnej szkody. http://rcin.org.pl
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W nioskuje się, że przeprow adzanie tego rodzaju  badań  w  terenie, gdzie w a­
ru n k i są zm ienne, jest niecelowe. D okładne badania zm ęczenia i śm iertelności 
w inny być w ykonyw ane w laboratorium .

7. RESUME

Une serie de tests d 'efficacite d 'appareils portables de p^che electri- 
que a ete realisee par un groupe in ternational d 'experts, au cours d 'une reunion 
en 1969 ä Giżycko (Pologne). A cette occasion, ii p a ru t in te ressan t de faire quel­
ques observations sim ples quan t aux  effets (fatigue, m ortalite) sur des tru ites 
exposees aux courants fournis par les divers appareils, dans des conditions aussi 
proche que possible de celles des tests.

Les phenom ens suivants ont ete observes: les indices de fatigue v aria ien t 
selon les differents appareils; leurs valeurs augm entaien t avec l'in tensite  du 
cham p et la  longueur des poissons; lors d 'expositions successives au  courant, 
les indices dim inuaient, reve lan t ainsi une sensibilite declinante chez les poissons; 
la  m ortalite , v irtue llem ent inexistante, renda it negligeable to u t effet dom m ageable 
cause par les appareils de peche.

L ’in te rp re ta tion  sta tistique des resu lta ts  n 'a  puerte  faite et il est apparu  que 
la  mise en ocuvre de tests de fatique et de m orta lite  donnerait des resu lta ts  
plus rigoureux  en laborato ire que sur le te rra in , oü les conditions sont variables.
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