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PO L S K IE  A RC H IW U M  H Y D R O B IO L O G II 
je s t  k o n ty n u a c ją  ARC H IW U M  H Y D R O B IO L O G II I R Y BA C T W A

PO L IS H  A R C H IV ES O F H Y D RO B IO LO G Y  
fo r m e r ly  A R C H IV ES D ’H Y D R O B IO LO G IE ET D ’ICH TH YO LO G IE

P olskie  A r c h iw u m  H ydrobiologii  ex is tin g  as such  since 1953, is a co n tin u a tio n  
of A r c h iw u m  H ydrobiologii i R yb a c tw a  fo u n d ed  in  1926 u n d e r  th e  e d ito rsh ip  of 
A. L ity ń sk i; d u rin g  th e  perio d  1926 to  1939 an d  in  1947, th ir te e n  vo lum es of 
A r c h iw u m  H ydrobiologii i R yb a c tw a  h ave  app ea red , vo lum e X II, 3, 4, pu b lish ed  in 
S ep tem ber 1939, be ing  alm ost en tire ly  destro y ed  due to  w a r action .

T he jo u rn a l pub lishes o rig ina l w orks re p o r tin g  e x p e rim e n ta l resu lts , descrip 
tive  w o rks and  th eo re tic a l in v estiga tions in  ev ery  sp h ere  of hydrobio logy . T he 
a rtic le  m u s t con ta in  o rig in a l re se a rc h  n o t a lread y  p u b lish ed  and  w h ich  is not 
being  considered  fo r pu b lica tio n  e lsew here . P ap e rs  w ill be p u b lish ed  in  th e  officia l 
C ongress languages of Societas In te rn a tio n a lis  L im nolog iae (at p re sen t: E nglish , 
F ren ch , I ta lia n  and  G erm an).

T he E d ito ria l B o ard  req u es t th a t  th e  m an u sc rip ts  conform  to th e  req u irem en ts  
p rin ted  in th e  la s t n u m b er of each  volum e.
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P O L S K IE  ARCH IW UM  H YDRO BIO LO G II
18 1 1-15 1971

(Pol. A rch. H ydrobiol.)

K. W I K T O R *

THE PRIMARY PRODUCTION OF SZCZECIN BAY

Sea F isheries In s titu te , B ran ch  in  Św inoujście , P o lan d

A B STR A C T

T he d a ta  on th e  p rim a ry  p roduc tion  of Szczecin B ay w ere  ob ta ined  w ith  th e  help 
of d a rk  an d  lig h t bo ttles m ethod  in th e  y e a rs  1964-1968. T he seasonal changes of 
th e  p ro d u c tio n  an d  d es tru c tio n  ra te  a t v a rio u s  dep ths w ere  analysed , as w ell as 
th e  d iffe ren ces in  the  p roduc tion  ra te  re la te d  to th e  w a te r te m p e ra tu re  an d  the  
e x te n t of in so la tion . T he gross y early  p r im a ry  p ro d u c tio n  of th e  bay w as estim ated .

C O N TEN TS

1. In tro d u c tio n
2. M a te ria l and  m ethods
3. G ross p r im a ry  p roduc tion  

an d  its  seasonal changes
4. O xygen  consum ption

5. P ro d u c tio n  an d  d es truc tion
6. T he y ea rly  p rim ary  p roduction
7. S um m ary
8. S treszczenie
9. R eferences

1. IN TR O D U C TIO N

T he Szczecin B ay is a  v ery  in te re s tin g  ob jec t fo r hydrobio log ists . A lthough 
num erous o b se rv a tio n s allow  to expect th e re  v e ry  h igh p rod u c tio n  th e re  is a com 
p le te  lack  of d a ta  concern ing  its p r im a ry  p rod u c tio n . O ne of the  indexes of such 
p rod u c tio n  is oxygen  o v e rsa tu ra tio n  of b a y ’s w a te r, observed  ev ery  y ea r in sp ring  
and  sum m er. T he oxygen sa tu ra tio n  occasionally  reaches 190°/o. T he o ther index  
is h igh  b iom ass of phy to p lan k to n , w h ich  in  som e y ears  reach ed  760 m l u n d e r 1 m 2.

E stim a tio n  of p ro d u c tio n  possib ilities of Szczecin B ay is v e ry  im p o rtan t because 
of th e  co n stan t in ten s ifica tio n  of com m ercia l fish in g  in  th is area . T he pho to syn 
th e tic  in ten s ity  is a good in d ica to r of th e  p ro d u c tio n  capacity  of a w a te r body. 
T he p h y to p la n k to n  is a d irec t food of c e rta in  fish  species fo r a long tim e, or only 
d u rin g  th e ir  la rv a l developm ent.

2. M A TER IA L A ND  M ETHO DS

The m a te ria l concern ing  th e  seasonal changes of p rod u c tio n  ra te  w as collected 
in  th e  y ea rs  1964-1966. A p a rt from  th a t  tw o  ad d itio n a l con tro l se ries w ere  m ade 
in M ay 1968.

T he in v es tig a tio n s w ere  ca rried  ou t w ith  th e  help  of ligh t and  d a rk  bo ttles 
m ethod , w ide ly  u sed  and  described  in d e ta il by  W i n b e r g  (1960). T his is a sim ple

* P re se n t ad d ress: In s titu te  of O ceanog raphy , G dańsk  U n ivers ity , C zołgistów  
46, G dynia, P o land .
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2 K. Wiktor

m ethod , w hich  allow s to e s tim a te  no t only th e  ra te  of oxygen p roduc tion , b u t also 
the  oxygen consum ption  fo r th e  m etabo lic  processes. H ow ever, th e  q u a n tita tiv e  
estim atio n  of o rgan ic  m a tte r  p roduced  in th e  u n it of tim e  on th e  basis of re su lts  
o b ta in ed  w ith  th e  help  of oxygen  m ethod  is only ap p ro x im ate , an d  th e  re su lts  shou ld  
be analysed  care fu lly  and  critica lly .

T he p rim ary  p rod u c tio n  m easu rem en ts  w ere m ade on tw o  sites: one loca ted  
in the  cen tra l basin  of th e  Szczecin B ay (site A), th e  o th e r in th e  n e a r  sho re  reg ion  
of th e  n o rth e rn  p a r t  (site “W ucyk”). S ite A w as re p re se n ta tiv e  fo r th e  c en tra l 
basin  of th e  Szczecin B ay, b u t th e  re su lts  from  site  “W ucyk” canno t be t r a n s 
fe rre d  u n critica lly  fo r th e  w hole n ea r sho re  zone of th is  w a te r  body. T he la t te r  
w as loca ted  in the  m ou th  of th e  bay  region, w h ere  th e  f lu c tu a tio n s  of th e  sa lin ity , 
no t la rg e  b u t fa ir ly  freq u en t, could in fluence  th e  p a rtic u la r  p la n t and  an im al 
associations.

O nly th re e  series of m easu rem en ts  w ere  m ade in 1964: in M ay, J u ly  and  th e  
f irs t  decade of S ep tem ber. In  1965 and  1966 the  m easu rem en ts  w ere  ca rr ie d  ou t 
from  the  end  of A p ril or th e  beg inn ing  of M ay till m id -N ovem ber, once or tw ice 
a m onth .

On each of the  sites th e  m easu rem en ts  w ere  m ade a t th e  fo llow ing  dep ths 
(m eters from  the  su rface):

site  A — in 1964: 0.5, 2.5 an d  5 m  deep, in 1965 an d  1966: 0.5, 1.5, 2.5 and  
5.5 m  deep;

site  “W ucyk” — in  1964: 0.5 an d  2.5 m  deep, in  1965 and 1966: 0.5, 1.25 and 
2.0 m  deep.

In  o rd e r to estim a te  the  daily  p roduc tion  in th e  w hole w a te r  co lum n u n d e r 
1 m 2 all va lues from  p a rtic u la r  w a te r  layers  w ere  sum m ed  up.

Tw o p a irs  of bo ttles w ere  exposed  on each dep th , p rev io u sly  filled  w ith  w a te r 
from  the sam e dep th . T he exposition  tim e w as 24 hr. T he bo ttles  w ere  of 300 m l 
capacity , th e  d a rk  ones m ade of opaque glass w ere  ad d itio n a lly  k ep t in b lack  ru b b e r  
p ro tec tions.

,  T he p lank ton  w as sam pled  w ith  th e  P a t a l a s  sam p le r used  fo r b iom ass 
de te rm ina tion , th e  w a te r te m p e ra tu re  w as m easu red , and  w a te r  sam ples w ere  
collected  fo r th e  oxygen  and  ch lo ride  co n ten t a t th e  beg inn ing  of each ex p erim en t.

S evera l add itio n a l con tro l m easu rem en ts  w ere  m ade a p a r t from  th e  m en tioned  
ones. T he every  sev e ra l days observa tions in v arious in so la tion  conditions w ere  
m ade in S ep tem ber 1965 and  tw o series of ex p e rim en ts  w ith  bo ttles exposed  in tw o 
successive days in M ay 1968. T hese  exp erim en ts  w ere  ca rr ied  o u t in o rd e r to  de
te rm in e  th e  d ifferences of th e  p ro d u c tio n  ra te  in sh o rt tim e in te rv a ls  caused  by 
v arious fac to rs  (e.g. th e  d ifferences in  so lar rad ia tion ). T he d a ta  on th e  so la r ra d ia 
tion  w ere  supp lied  by th e  L ab o ra to ry  of th e  S ta te  In s titu te  of H ydro logy  and  M e
teoro logy  in Ś w inoujście, and  I w ou ld  like to exp ress  m y g ra titu d e  to  th e  D irec to r 
and  th e  s ta ff  of th is  In s titu te . U n fo rtu n a te ly  these  d a ta  only e s tim a te  th e  n u m b er 
of hours w ith  fu ll sun  in a day, an d  it is no t a lw ays p ro p o rtio n a l to th e  q u a n tity  
of so la r energy  reach ing  th e  w a te r  su rface  du rin g  a day.

S evera l observa tions on the  sh a re  of n an n o p lan k to n  in th e  to ta l p rim a ry  p ro 
duction  w ere  m ade  also in 1965 an d  1966. T h ere fo re  a p a ir  of bo ttles on each dep th  
w as filled  w ith  w a te r  f ilte red  th ro u g h  th e  bo lting  clo th  No. 20 w hich  stopped  
so -called  n e t p lan k to n , w h ile  the  o th e r p a ir  of bo ttles w as filled  w ith  n o n -f ilte red  
w ater. A fte r 24 h r  ex p o su re  th e  re su lts  w ere  com pared.

3. GROSS PR IM A R Y  PR O D U C TIO N  AND IT S SEA SO N A L CH A N G ES

The production processes in Szczecin Bay begin in April, and they 
finish in the first or second half of November. The in tensity  of these 
processes is, however, very variable (Fig. 1).

In early spring (April and first half of May) the oxygen production 
in the whole w ater column does not exceed 2 g/m 2, and occasionally it 
does not even reach 1 g/m 2. This production varies from  2.96 to 10.75 g 
0 2/m 2 in the central part of Szczecin Bay from  mid-M ay to the end of
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The primary production of Szczecin Bay 3

Fig. 1. T he seasonal changes of daily  p ro d u c tio n  and  consum ption  of oxygen in the 
w a te r  colum n u nder 1 m 2 in 1964-1966. A — c en tra l p a r t of Szczecin B ay; B — n ear

shore reg ion  of Szczecin B ay

Septem ber. The mean daily production in this period is 6.03 g 0 2/m 2. 
The highest values reaching 10.75 g 0 2/m 2 in the central part, and 14.97 g 
0 2/m 2 in the near shore part were observed every year in July . The 
prim ary production rate  in the central part of w ater decreases beginning 
from  October. In October in the years 1965-1966 it was from  2.36 to 
2.56 g Oo/m2/day and in November — from  0 to 0.89 g 0 2/m 2/day.

Certain differences among the values of prim ary  production m easured 
the same day in the central part or in the near shore part were observed. 
The rhythm  of seasonal changes of prim ary production in both these 
regions is slightly different. Although the highest rate  of production in 
both regions is observed every year in July , the photosynthesis intensity 
in the near shore part is still high in October and sometimes even higher 
than in September, while in the central part the production rate  consi
derably slows down in October. As already m entioned, site B was located 
in the northern  part of the bay, w here the inflow of Baltic w ater is the 
greatest ( W i k t o r  and Z e m b r z u s k a  1959). Z e m b r z u s k a  (1962), 
while analysing the species composition of phytoplankton, several times 
found there baltic species, which do not occur in the central part. The 
plankton biomass usually decreases in the central part of the Szczecin 
Bay in October, due to the inhibition of production processes. However,
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4 K. W iktor

the diatomes of the genus Chaetoceros reach their autum nal m axim um  
in Pomorska Bay in October. It is possible, th a t the high daily produc
tion on site ’’W ucyk” in October 1965 was due to the species brought in 
w ith the inflow from  Pom orska Bay.

According to several observations in 1965-1966, there  is a considerable 
share of nannoplankton in the total prim ary production, which varies 
during the vegetation period. This share is the greatest in early spring, 
at the beginning of the phytoplankton development. I t  reaches as m uch 
as 88.2% of total gross production at the beginning of May, but only 
46.8% in June, and in Septem ber it varies betw een 43.2 and 28.7% 
(Fig. 2). The seasonal differences in the share of nannoplankton in total

Fig. 2. T he sh a re  of n an n o p lan k to n  in daily  oxygen p roduc tion . A — to ta l p h y to 
p lan k to n  (not f ilte red  sam ple); B — n an n o p lan k to n  (filte red  sam ple)

prim ary production were also observed by C z e c z u g a et al. (1968) in 
River Ploska, where at the depth of 0.5 m this share varied from  98.3% 
in June to 36% at the end of August.

The values of daily gross production in the w ater column under 1 m2 
result from  the daily production in particu lar w ater layers. The produc
tion ra te  is not equal in the whole column. In w aters of Szczecin Bay 
the photosynthetic activity decreases rapidly as the depth increases. The 
highest production was generally a t the depth of 0.5 m. It varied from  
May to Septem ber from  1.30 to 5.50 mg 0 2/l', and the average for this
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The prim ary production of Szczecin Bay 5

period was 3.35 mg 0 2/l (Fig. 3). A well m arked decrease of the produc
tion rate  was found at the depth of 1.5 m. Daily production in this depth 
varied from  0.2 to 3.1 mg 0 2/l (1.06 mg 0 2/l on the average), and from 
13 to 71% (32% on the average) of daily gross production for the same

Fig. 3. T he seasonal changes of oxygen  p rod u c tio n  on p a rtic u la r  dep th  layers. A — 
cen tra l p a r t of Szczecin B ay; B — n ea r sho re  reg ion  of Szczecin Bay

day at the depth of 0.5 m. In deeper layers, below 1.5-2.0 m the photo
synthetic activity is very  small, although occasionally the production 
processes take place in the whole w ater column, from  the surface to the 
bottom  in the central part.

Thus the main production zone in this w ater body is the near surface 
layer from 0 to 2.0 m deep. This layer covers 39 to 100% (78.7% on the 
average) of total gross prim ary production of the w ater column under 
1 m2 in the central basin.

The prim ary production ra te  depends on m any factors, e.g. the w ater 
tem perature, quantity  of solar energy reaching the w ater surface, the 
composition and num ber of phytoplankton, nu trien ts content and m any 
others.

The influence of w ater tem perature  and the degree of its insolation
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6 K. W iktor

Fig. 4. T he seasonal changes of su rface  w a te rs  te m p e ra tu re  in Szczecin B ay
in 1964-1966

on the production processes is undeniable, but the observed changes of 
the production rate  in the body of w ater cannot be always directly con
nected w ith these factors. The slow production rate  in early  spring can 
be the result of low w ater tem peratu re  in this period (Fig. 4). This rate  
quickly increases in the surface w ater layers together w ith the rise of 
tem perature from  m id-April to the end of May. The autum nal inhibition 
of production processes is also connected w ith the cooling of w ater 
masses (end of October-November). In this period also im portant are the 
changes in solar radiation, i.e. sm aller num ber of sun hours per day, 
and change of the angle of radiation on the w ater level.

Comparing the production data of the same m onths in successive 
years it can be noticed, that the lowest daily values w ere obtained in 
1965, when the w ater tem perature was slightly lower than in respective 
m onths in 1964 and 1966. However, there was no direct correlation 
between the w ater tem perature and the daily production values. For an 
example, the highest values of daily production were usually in Ju ly  — 
the period of a short lasting tem peratu re  decrease observed nearly  every 
year. Also the production per day in Septem ber 1966 was alm ost equal 
to that in Ju ly  this year (of the 0.5 m depth it was 5.45 and 5.50 mg 0 2/l, 
respectively), however the differences of w ater tem perature  were quite 
considerable in the days of m easurem ents (20°C in Ju ly  and 16.2°C in 
September). Generally speaking, the w ater tem perature — w ithin certain 
lim its — is not the only factor controlling the production rate.
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The primary production of Szczecin Bay 7

Two observations were m ade in order to determ ine the range of 
changes of the production rate  due to w ater insolation in Septem ber 
1965. These observations were carried  out in intervals, the first one was 
on the 23-24th Septem ber on a sunny day (9.6 h r of full sun), the second 
on 28-29th Septem ber on a cloudy day (3.8 h r of full sun).

The production ra te  on a sunny day was considerably higher than 
on a cloudy one. On cloudy day production on particu lar layers was 
only 29.0 to 53.7% of the production on sunny day, and the greatest 
difference in these rates was for the depth of 1.5 m. The compensation 
point was at the depth of 2.0 m on a cloudy day, while on a sunny one 
the oxygen production exceeded oxygen consumption in all layers 
(Fig. 5).

Fig. 5. T he d ifferences in oxygen 
p ro d u c tio n  ra te  d ep en d en t on the  
in so la tion  (23-24th S ep tem b er 1965 
— su n n y  day, 28-29th S ep tem b er
1965 — cloudy d a y ) . -----------------------
oxygen  p roduction , ...............  oxygen
consum ption , ------------------- oxygen

co n ten t in  con tro l sam p le

The results of m easurem ents on consecutive days in May 1968 show 
that even in sim ilar light conditions the production rate  can considerably 
vary from  one day to another. Both series of m easurem ents were made 
on cloudy days. The differences in daily production m easured on conse
cutive days were 54 to 77%, w ith the highest ones for the level of 1.5 m 
(Fig. 6). The reasons for these variations can be: e.g. quick depletion of 
nutrients, m om entary changes in the C 0 2 content, differences in the 
physiological state of algal cells, and m any other ones which could not 
be included in present investigations. The above m easurem ents were 
m ainly carried out to find out to w hat extent all the collected results 
may be useful to analyse the seasonal variations of production rate, and 
to calculate the  mean total yearly  production. The m easurem ents, as
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8 K. Wiktor

Fig. 6. T he daily  oxygen  p ro d u c tio n  and  consum ption  in M ay 1968 .----------------oxygen
p ro d u c tio n ; ........... oxygen consum ption ;   oxygen  co n ten t in  con tro l sam p le

already mentioned, were made once or twice a m onth, and it was not 
always possible to run them  in sim ilar insolation conditions.

The range of variation of daily prim ary  production betw een the end 
of May and Septem ber does not differ from  the range of variations of 
production m easured on consecutive days of one month. Thus the a rith 
m etical mean of all results from  this period is the average daily produc
tion for this period. In such instance the average daily production in the 
w ater column under 1 m 2 in Szczecin Bay is:

a. in  c en tra l b asin : b. in th e  n e a r  sh o re  p a r t:
A pril 950 m g 0 2/m 2 M ay -Ju n e  and
M ay -Ju n e  and  A u g u st-S ep tem b e r 4260 m g 0 2/m 2
A u g u st-S ep tem b er 5215 m g 0 2/m 2 Ju ly  9375 m g 0 2/m 2
Ju ly  9250 m g 0 2/m 2 O ctober 6560 m g 0 2/m 2
O ctober 2760 m g 0 2/m 2
N ovem ber 445 m g 0 2/m 2

Assuming tha t 75% of the Szczecin Bay area is deeper than  2.5 m, 
the average daily production of the whole Polish part of Szczecin Bay 
in the w ater column under 1 m 2 is as follows:

A pril 950 m g 0 2/m 2
M ay -Ju n e  and  A u g u st-S ep tem b e r 4975 m g 0 2/m 2
Ju ly  9300 m g 0 2/m 2
O ctober 2760 m g 0 2/m 2
N ovem ber 445 m g 0 2/m 2

Thus the average daily prim ary  production in Szczecin Bay from  
May to October is w ithin the lim its given by W in  b e r g  (1960) for
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The prim ary production of Szczecin Bay 9

’’rela tively  shallow, hom otherm ic w aters w ith well developed phyto
plankton, very similar to typical eutrophic inland bodies of w ater” — and 
th is applies to w aters of this bay.

4. O XY GEN  C O N SU M PTIO N

In the w ater bodies apart from  the production processes the destruc
tion processes also take place, i.e. the decomposition of organic m atter 
produced in this body of w ater and of th a t of allochtonous origin. The 
oxygen consumption accompanies these processes. They are generally 
determ ined as destruction, and this concept covers the process of oxygen 
consumption during the m ineralization of non-living organic m atter, and 
also the consumption during the metabolic processes of p lants and ani
mals. Contrary to the production processes, i.e. photosynthesis, which 
takes place only in light, the oxygen consumption takes place all day. 
In the oxygen method, the consumption is a difference in the oxygen 
content between the control sample and dark  bottle after 24 h r exposure.

In order to determ ine the daily destruction in the w ater column 
under 1 m2 the values for particu lar w ater layers were summ ed — ana
logically as for the estim ation of daily prim ary  production. Daily oxygen 
consumption varied in the Szczecin Bay from  990 mg 0 2 to 9660 mg 
0 2/m 2, and certain seasonal changes w ere noticed. This consumption was 
low in early spring (A pril-first half of May) and am ounted to 990-1010 
mg 0 2/m 2 (Fig. 1). The m axim al destruction ra te  occurred usually in the 
second fortnight of May. The daily oxygen consumption varied within 
the lim its of 2060-7670 mg 0 2/m 2 from  June to Septem ber. In November 
this ra te  clearly decreased, i.e. in 1965 it was only 1480 mg 0 2/m 2. This 
lowering in November is probably connected w ith the fall of w ater 
tem perature. The high rate of oxygen consum ption in May is probably 
due to the increase of m ineralization ra te  of non-living organic m atter, 
caused by quick warm ing of w ater. It is possible tha t during the autum n 
and w inter months, when the m ineralization is slow due to the low 
tem perature, there is a considerable accum ulation of non-living organic 
m atte r which decomposes quickly a fte r the spring increase of w ater 
tem perature. This assum ption can be supported by high values of daily 
oxygen consumption in May every year, however the plankton biomass 
was then still low, thus the respiration of Zooplankton and phytoplankton 
could not cause such a great consumption.

Although the oxygen consumption takes place in all w ater layers, it 
is not equal in the whole w ater column (Fig. 7). However, the vertical 
differences observed at various depths a t the same day are sm aller than  
the differences in the production rate. A part from  that, certain w ater
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10 K. W iktor

Fig. 7. T he seasonal changes in daily  oxygen consum ption  a t p a r tic u la r  dep th  la y 
ers. A — cen tra l p a r t  of Szczecin B ay; B — n ea r sho re  reg ion  of Szczecin Bay

layers were distinguished, w here the production was usually the 
highest — the m axim al daily consumption of oxygen varied in depth and 
time. Usually during the vegetation season (M ay-September) the highest 
destruction ra te  was observed in the near surface w ater layers, bu t in 
early spring (April) and autum n (October and November) — in near 
bottom  waters. However, it happened on several occasions in the period 
of M ay-September, th a t the destruction rate  was higher in the near 
bottom  w ater than near the surface. This occurred usually during the 
quick decrease of phytoplankton biomass.

5. PR O D U C TIO N  AND D ESTR U C TIO N

The com parative data on daily oxygen production and consumption 
in the w ater column under 1 m 2 are presented in Fig. 1. Oxygen produc
tion during the whole period of investigations was usually higher in the 
near shore region (site ’’W ucyk”) than  its consumption, although the 
ratio of production to destruction varied w ithin a year. Oxygen con
sumption ranges from  13.3 to 89.6% of its daily production in this region.

The oxygen consumption in the w ater column under 1 m2 was in 
several cases higher than  its daily production in the central part of the 
bay. This situation was observed in early  spring at the beginning of the 
vegetative season, and usually near the end of this season at the time 
of production inhibition (October and November). However, during the
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The prim ary production of Szczecin Bay 11

vegetation period (M ay-Septem ber) daily oxygen consumption was 
occasionally higher than production. This happened e.g. in the second 
fortn ight of May in 1966 and 1968, and also in the second fortnight of 
Septem ber 1966. Such ’’m inus oxygen ballance” in the w ater column 
under 1 m 2 is not necessarily due to the decrease of daily ra te  of produc
tion. It ra th e r results from  the increase of the destruction rate. The pro
duction ra te  was considerably high on e.g. days in May and Septem ber 
1966, w hen the oxygen consumption wras 152 and 118% of its daily pro
duction, respectively.

The ratio  of xygen consumption to its production in particu lar w ater 
layers is different than in the whole w ater column.

In the near surface w ater the oxygen production is usually higher 
than  the consumption from  April to November. In deeper w aters the 
situation is inverse. This is due to the decrease of oxygen production 
rate  w ith the increase in depth, but the destruction rate  in the whole 
w ater column is more uniform  in Szczecin Bay. The compensation point 
is here a t the depth 1.5 to 2.0 m. This is very rare  tha t oxygen produc
tion exceeds its consumption in all layers, as e.g. on 21st Septem ber 1965. 
The daily oxygen consumption in surface w ater is usually from  26.7 to 
89.6% of its daily production (46% on the average).

6. THE Y EA RLY  PR IM A R Y  PR O D U C TIO N

In one of the above chapters the m ean daily prim ary production rate  
for particu lar seasons is expressed in mg 0 2/m 2. Assuming after W i n- 
b e r g  (1960) th a t 1 mg dry weight of plankton is equal 1.324-1.618 mg 
of oxygen (with the assim ilation coefficient 1.25) it is possible to estim ate 
the yearly  p rim ary  production of Szczecin Bay in mg dry mass per the 
w ater column under 1 m2, if the mean seasonal daily production values 
are m ultiplied by the num ber of days in this season, and the products 
are added. Thus obtained value is 612.5-761.3 g dry mass per 1 m2 of 
the w ater surface (Table I).

T able I. T he ca lcu la tion  of to ta l y ea rly  g ross p r im a ry  p ro d u c tio n  in  Szczecin B ay

M o n th s . M ean p ro d u c tio n No. of days
T otal p ro d u c tio n

(m g 0 , /m 2/24 hr) m g 0 2/m 2 m g d ry  w t/m 2

IV 950 30 28,500 17,610.0- 21,525.0
V -V I, V III- IX 4975 122 606,950 375,089.0-447,415.0

V II 9300 31 288,300 178,131.8-217,744.0
X 2760 31 85,560 33,349.8- 64,619.5
X I 445 30 13,350 8250.0- 10,035.0

T o ta l 244 1022,660 612,480.6-761,338.5
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These values should be treated  as estimative ones, carefully, because 
they indicate ra ther the order of m agnitude. The value of assim ilation 
coefficient is not equal for all phytoplankton species, and the carbon 
content in dry phytoplankton mass also varies considerable. These data 
quoted by various authors are quite different.

The net production, i.e. gross production m inus the am ount of organic 
compounds used during production for metabolic processes, is much 
more difficult to estim ate. Thus the am ount of oxygen produced by 
photosynthesis w ithin a day m inus the am ount of oxygen used in the 
same tim e for phytoplankton respiration is the index of net prim ary  
production. U nfortunately, the oxygen m ethod gives the to tal daily 
oxygen consumption, i.e. the consumption for the m etabolism  of phyto- 
and Zooplankton as well as the m ineralization of non-living organic 
m atter produced in the body of w ater or tha t of allochtonous origin. The 
la tte r can be of great significance in the w aters of Szczecin Bay as the 
large am ounts of this m atter are brought in w ith the inflow of the Odra 
River. The yearly  inflow of Odra am ounts to 15.05 km 3 ( M i k u l s k i  
1964), mean content of organic suspension is 1 2.38 mg/1, and so 35,820 
tons of organic suspension is brought to Szczecin Bay during a year. 
Therefore the oxygen consumption due to the m ineralization processes 
of organic m atter produced outside this body of w ater m ust be quite big.

U nfortunately the determ ination of the share of particu lar processes 
in the  total daily oxygen consumption is impossible. On the basis of 
data of V o l l e n w e i d e r  and R a v e r a (1958) a rough calculation of 
oxygen consumption due to the respiration of plankton crustaceans was 
made assuming tha t the mean oxygen consumption at a tem perature  
16-20°C is 4.1 y for Cladocera (represented m ainly by genus Daphnia 
and Bosmina) and for Copepoda •— 1A y per individual. These data are 
presented in Table II. These calculations show that the daily oxygen 
consumption due to the respiration of crustaceans is from  3.3 to 14.3% 
in the Szczecin Bay’s waters, while in 1964, during an intensive develop
m ent of Zooplankton it am ounted up to 73.5% of total daily destruction. 
These data are only approxim ate ones of course, and it is difficult to 
say how they differ from  the real ratio  in the bay’s waters. It should be 
also rem em bered th a t crustaceans are only one of the Zooplankton 
components and a not num erous one.

There are m any data in the lite ra tu re  concerning biological produc
tion which take into account the share of p lan t respiration in the gross 
p rim ary  production. O d u m  (1954) e.g. for Silver Spring quotes 57.5%, 
W in  b e r g  (1960) assumes tha t this value is 15% on the average. The

1 A ccord ing  to “T he m a te ria ls  to th e  m onograph  on hydrob io logy  of Szczecin 
B ay”, P a r t  II  (in Polish). O ddział M orsk i P IH M , G dyn ia  1964.
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T able II. T he seasonal changes in daily  oxygen  consum ption  fo r th e  re sp ira tio n
of p lan k to n  c ru s tacean s

D ate
No. of ind ./m 2 D aily  oxygen  co n su m p tio n  m g /m 2 % of to ta l 

d es tru c tio nC ladocera C opepoda C ladocera C opepoda T ota l

25.V.64 30,000 50,000 123.0 70.0 193.0 3.3
9.VII.64 426,000 151,000 1746.6 211.4 1958.0 50.3

10.IX.64 574,000 48,000 2353.4 67.2 2420.6 73.5
12.V.65 2000 17,000 8.2 23.8 32.0 3.3
25.V.65 24,000 110,000 100.4 15.4 115.8 3.8
22.VI.65 16,000 13,000 65.6 18.2 83.8 3.9
20.VII.65 113,000 22,000 463.3 30.8 494.1 6.6
25.VIII.65 168,000 56,000 688.8 78.4 767.2 14.3
24.IX.65 72,000 9000 295.2 12.6 307.8 12.3
27.X.65 68,000 13,000 278.8 18.2 297.0 8.5
16.XI.65 20,000 10,000 82.0 14.0 96.0 6.4

result of O d u m  seems to be too high for the studied region, as in the 
near shore part the daily oxygen consumption rarely  exceeds 50% of 
its daily production.

If we would assume the losses for p lan t respiration as 15% on the 
average, the mean yearly  net production of Szczecin Bay could be 
estim ated as 520.6 to 647.1 g dry m ass/m 2.

H ü b e l  (1966) presented the yearly  production of several brackish 
bodies of w ater from  Ruggia in g C/m 2 on the basis of investigations in 
1962 and 1963. These data allowed to calculate the quantity  of organic 
substances produced in these bodies of w ater and they were compared 
w ith the values from  Szczecin Bay. To calculate H ü b e l ’s data it was 
assumed after W i n b e r g (1960), tha t 1 mg dry mass of plankton equals 
0.45 mg C.

The data presented in Table III show th a t the yearly  prim ary pro
duction in Szczecin Bay is lower than in the most productive w ater bodies 
from  Ruggia. This is somehow strange, as there are m any data showing 
th a t the w aters of the bay are if no more productive than Ruggia’s 
w ater bodies then at least not less. This is proved by a large inflow of

T able III. Y early  p rim a ry  p ro d u c tio n  of b rack ish  w a te r  bodies from  R uggia
(acc. to H ü b e l  1966)

W ate r body
Y early  p roduction Kl. Ja sm u n  

der B odden
Gr. Ja sm u n  
d e r B odden

B reeg er
B oddan

B ree tze r
B odden

R assover
S trom

g C /m 2/year 
( H ü b e l  1966) 900 670 420 335 110

g dry  w t/m 2/y ea r 1980 1474 924 743 242
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fresh w aters w ith large am ounts of nu trien ts to Szczecin Bay, while 
Ruggia’s w ater bodies are supplied w ith fresh w ater only to a small 
extent. Also higher salinity of the la tte r  creates unsuitable environ
m ental conditions for the developm ent of several freshw ater species 
which develop in masses in Szczecin Bay. The Szczecin Bay is also 
characterized by higher fish production.

However, all estim ations of the am ount of produced organic m atte r 
based on the results of oxygen m ethod should be approached very  
carefully  and critically. Also these factors cannot be alw ays fu lly  ju sti
fied, as they considerably differ in the papers of m any authors. The best 
conclusions may be reached w hen applying the same m ethod of determ 
ining the prim ary  production rate  for all bodies of w ater.

7. SUM M ARY

T he m easu rem en ts  of p rim a ry  p ro d u c tio n  ra te  c a rr ied  ou t in  th e  Szczecin B ay 
in 1964-1968, using oxygen  m ethod  of lig h t and d a rk  bo ttles , show ed, th a t  th e  
p ro d u c tio n  processes took p lace th e re  from  A pril t i ll th e  f irs t  fo r tn ig h t of No
vem ber. T he m ean  daily  p rod u c tio n  ra te  changed  as fo llow ing:

M onths C en tra l basin  N ear sho re  reg ion
(mg 0 2/m 2) (mg 0 2/m 2)

A pril 950 no d a ta
M ay -Ju n e  ' 5215 4260
Ju ly  9250 9375
A u g u st-S ep tem b er 5215 4260
O ctober 2760 6560
N ovem ber 445 0

T he h ighest da ily  p ro d u c tio n  ra te  w as found  a t th e  dep th  of 0.5 m  from  the  
su rface . T he p roduc tion  a t 1.5 m  am o u n ted  to 13-71.6% (32% on th e  average) of 
the  one a t 0.5 m. In  deeper w a te r layers  th e  p rod u c tio n  ra te  w as m uch  low er. T he 
sh a re  of n an n o p lan k to n  in to ta l p h y to p lan k to n  p rod u c tio n  w as 88.2% in  M ay,
46.8% — in Ju n e , and  28.7 — 43.2% in  S ep tem ber.

T he oxygen consum ption  (destruction ) w as v e ry  low  d u ring  th e  cold seasons, 
b u t it in creased  considerab ly  in th e  w a rm  ones. T he h ighes t consum ption  w as 
observed  in  th e  second fo r tn ig h t of M ay. T he d ifferences in th e  d e s tru c tio n  ra te  
in p a r tic u la r  layers  of w a te r  a re  low er th a n  th ese  of p roduction . T he h ighest 
oxygen consum ption  d u rin g  th e  w a rm  season  w as observed  in  n e a r  su rface  w ate rs , 
b u t d u rin g  th e  ea rly  sp r in g  and  au tu m n  in th e  n ea r bo ttom  ones. O xygen  p ro d u c 
tion  n ea r th e  su rface  is g re a te r  th a n  d estruc tion , w h ile  n ea r th e  bo ttom  it is ju s t
th e  opposite. T he com pensation  p o in t in w a te rs  of Szczecin B ay is a t th e  dep th
of 1.5 to  2.0 m.

A ssum ing  a f te r  W i n b e r g  (1960) th a t 1 m g 0 2 is eq u a l to 0.618-0.792 m g d ry  
m ass of p lank ton , th e  gross y ea rly  p rod u c tio n  of Szczecin B ay w as e s tim a ted  as 
612.5-761.3 g d ry  m ass p e r 1 m 2 of th e  w a te r  su rface .

8. STRESZC ZEN IE

O bserw acje  tem pa p ro d u k c ji p ie rw o tn e j f ito p lan k to n u  p rzep row adzone  n a  Z a
lew ie Szczecińskim  w  la tach  1964-1968 m etodą tlenow ą tzw . „ jasnych  i ciem nych  
b u te le k ” w ykazały , że p rocesy  p ro d u k cy jn e  w  tym  zb io rn ik u  trw a ją  od k w ie tn ia  do
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p ierw szej połow y listopada. Ś redn ie  dobow e tem po p ro d u k c ji zm ien iało  się n a s tę 
pu jąco :

M iesiące

K w iecień
M aj-czerw iec
Lipiec
S ierp ień -w rzes ień
P aździe rn ik
L istopad

B asen C en tra ln y  R ejon  p rzy b rzeżn y  
(mg 0 2/m-) (mg 0 2/n r )

950
5215
9250
5215
2760
445

b ra k  danych  
4260 
9375 
4260 
6560 

0

N ajw iększe tem po p ro d u k c ji dobow ej obserw ow ano  w  w ars tw ie  w ody 0,5 m 
cd pow ierzchni. P ro d u k c ja  m ierzona na  poziom ie 1,5 m  stan o w iła  od 13 do 71,6% 
(średn ia  32%) p ro d u k c ji w a rs tw y  0,5 m. W głębszych w a rs tw ach  w ody tem po p ro 
d ukc ji było już  nieznaczne. U dział n an n o p lan k to n u  w  p rocesie  p ro d u k c ji p ie rw o t
nej całego fito p lan k to n u  s tanow ił w  m a ju  88,2%, w  czerw cu 46,8%, w e w rześn iu  
od 28,7 do 43,2%.

Z użycie tlen u  (destrukcja) przez organ izm y p lank tonow e było w  chłodnych  p o 
ra c h  roku  n ieznaczne, siln ie  w z ra s ta jące  w  ciepłych po rach  roku . N ajw iększe z u 
życie obserw ow ano w  d rug ie j połow ie m aja . R óżnice w  tem p ie  d e s tru k c ji w po 
szczególnych w arstw ach  słu p a  w ody są znaczn ie  m nie jsze  niż obserw ow ane p rzy  
p ro d u k c ji. W ciepłej porze ro k u  na jw iększe  zużycie tlen u  obserw ow ano w  p rzy 
pow ierzchn iow ych  w ars tw ach  w ody, n a to m ias t w czesną w iosną  i jes ien ią  — w 
w ars tw ach  przydennych . W w ars tw ach  p rzypow ierzchn iow ych  p ro d u k c ja  0 2 dom i
n u je  nad  destru k c ją , w  p rzy d en n y ch  s to sunek  ten  je s t odw ro tny . P u n k t k o m p en 
sacy jn y  leży w  w odach  Z alew u  Szczecińskiego na  g łębokości 1,5-2 m.

P rzy jm u jąc  za W i n b e r g i e m  (1960), że 1 m g 0 2 je s t rów now ażny  0,618-0,792 
m g suchej m asy p lank tonu , oszacow ano roczną p ro d u k c ję  b ru tto  f ito p lan k to n u  Z a 
lew u  Szczecińskiego na  612,5-761,3 g suchej m asy  n a  1 m 2 pow ierzchn i zb io rn ika .

9. R EFER EN C ES

C z e c z u g a ,  B., G r ą d z k i ,  F., B o b i a t y ń s k a - K s o k ,  1968. P ro d u k c ja  p ie r
w o tna  n a  w y b ran y m  stan o w isk u  rzek i P łoski. I. P ro d u k c ja  f ito p lan k to n u  [P r i
m ary  p roduc tion  in a chosen site  of th e  R iver P łoska. I. P h y to p lan k to n  p ro 
duction]. A cta  Hydrobiol.,  10, 85-94, [Engl. sum m .].

H ü b e l ,  H. 1966. Die P h y to p lan k to n p ro d u k tio n  der N o rd -R ügenschen  B oddenge
w ässer. Wiss. Z. Univ. Rostock , M a them a t-n a tu rw iss .  Reihe,  15, 611-613.

M i k u l s k i ,  Z. 1964. B ilans w odny zalew ów  p rzy b a łty ck ich  [A quatic  ba lance  of 
ba ltic  bays]. Wiad. S łu żb y  Hydrol.  Meteorol., N r 59a, 5-57.

O d u m ,  E. 1954. F undam en ta ls  o f ecology. P h ilad e lp h ia , W. B. S aunders .
P a t a l a s ,  K. 1954. Porów naw cze b ad an ia  n ad  now ym  typem  sam oczynnego czer- 

pacza p lank tonow ego  i hydrochem icznego  [C om parative  stud ies on a new  type  
of self acting  w a te r sam p le r fo r p lan k to n  and  hyd rochem ica l investiga tions], 
Ekol. Pol., Ser. A.,  2.

V o 11 e n w  e i d e r, R. A., R a v e r  a, O. 1958. P re lim in a ry  observa tions on th e  
oxygen u p tak e  by  som e fre sh w a te r  zoop lank ters . Verh. int.  Ver. L im nol. ,  13, 
369-386.

W i k t o r ,  K., Z e m  b r  z u s k a, D. 1959. M ate ria ły  do h y d ro g ra fii Z alew u  Szczeciń
skiego [M ateria ls fo r h y d ro g rap h y  of F ir th  of Szczecin]. Pr. m orsk .  Inst. ryb.  
Gdynia,  10/A, 259-269, [Engl. sum m .].

[W i n b e r  g, G. G.] B n  h  6 e p r, r .  T. 1960. ne p e u u n a s i  npodyKU,un eodoeMoe [P r i
m ary  p roduc tion  of w a te r  bodies]. M insk, Izdat. A kad . N auk  BSSR.

Z e m b r z u s k a ,  D. 1962. F ito p lan k to n  Z alew u  Szczecińskiego [Szczecin F ir th  
phy top lank ton]. Pr. m orsk .  Inst. ryb. Gdynia ,  11/A, 137-158, [Engl. sum m .].

http://rcin.org.pl



http://rcin.org.pl



PO LSK IE  ARCHIW UM  HYDRO BIO LO G II

(Pol. A rch. H ydrobiol.)
18 1 17-30 1971

W. S Z C Z E P A Ń S K A

ALLELOPATHY AMONG THE AQUATIC PLANTS
D ep a rtm en t of A pplied  L im nology, In s titu te  of Ecology, P o lish  A cadem y of Sciences, 

Św ierczew skiego 14, M iko ła jk i n e a r  M rągow o, P o lan d

A BSTR A C T

T h e po t exp erim en ts  w ere  ca rr ied  out on th e  in te rre la tio n s  of th e  aqu a tic  p lan ts. 
T he decrease of reed  p rod u c tio n  w as g en era lly  accom pan ied  w ith  th e  increase  of 
th e  p roduc tion  of associated  p la n t species, an d  inverse ly . I t w as found , th a t the 
ty p e  of soil m odifies th e  g row th  of m onospecies cu ltu re , an d  it in fluences the 
c h a ra c te r  of in te rre la tio n s  am ong th e  p lan ts  in m ixed  cu ltu res.

C O N TEN TS

1. In tro d u c tio n  5. S um m ary
2. M ethods and  m a te ria l 6. S treszczenie
3. R esu lts 7. R eferences
4. D iscussion

1. IN TRO D U C TIO N

T he num erous observations of a lle lo p a th y  am ong th e  te r re s tr ia l p lan ts  allow  
to expec t th e  occurrence  of such a phenom enon  am ong the  aqu a tic  p lan ts . T here  
a re  severa l papers dealing  w ith  th e  chem ical in te rre la tio n s  of th e  te r re s tr ia l p lan ts  
( N o w i ń s k i  1961, R a d e m a c h e r  1957, B ö r n e r  1968 — the  review s). T here  is, 
how ever, a g enera l lack  of pap e rs  dealing  w ith  a lle lo p a th y  am ong th e  aq ua tic  
p lan ts  ( M c N a u g h t o n  1968).

T his pap er a im ed  a t inves tig a tio n  of th e  a lle lo p a th y  phenom enon  as re la ted  to 
reed  and  its associated  species.

2. M ETHO DS AND M A TER IA L

T he m ain  m ethods of stu d y in g  a lle lo p a th y  a re  th e  fie ld  observations, cu ltu res  
of various p la n t species, iso la tion  of a lle lo p a th ic  su b s tan ces and  co n tro l of th e ir  
action . T he g enera lly  app lied  m ethod  is the  b i-species cu ltu re  ( M a n n  and B a r 
n e s  1950, 1952, B ö r n e r  1958), and  th e  c u ltu re  on th e  e x tra c ts  from  th e  in v es ti
ga ted  p lan ts ( M c N a u g h t o n  1968, P a t r i c k  a nd  K o c h  1958).

T he in tro d u c to ry  cu ltu re  ex p e rim en ts  in 1968 w ere  ca rr ied  ou t in o rd e r to find  
w hich  p lan t species can have  an  in fluence  on the  g ro w th  of reed . T his a llow ed  to 
p lan  th e  exp e rim en ts  fo r the  season of 1969.

A ll cu ltu res  w ere  ru n  outdoor. T he soil fo r each series of ex p e rim en ts  w as 
sieved  on the  sieve w ith  th e  m esh size 1 m m  and  w ell m ixed. T he soil in th e  pots 
w as covered by a th in  lay e r of tap  w a te r, th e  level of w hich  w as con tro lled . The 
fo llow ing  pot cu ltu res  w ere  e s tab lished :

E x p e r i m e n t  A: a cu ltu re  of P h ragm ites  co m m u n is  T rin  w ith  T y p h a  lati-  
folia  L. on sand , pea t, g a rd en  soil, p ro fu n d a l sed im en t from  an eu tro p h ic  lake.

2 — P o lsk ie  A rch iw u m  H y d ro b io lo g ii
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A to ta l of fifteen  p las tic  bucke ts of th e  capacity  5 1 each w ere  u sed  fo r each ty p e  
of th e  soil, i.e. fo r one series. Each b u ck e t con ta ined  5.3 kg  of soil. T he p lan ts  w ere  
cu ltiv a ted  in  the  fo llow ing  w ay: buckets No. 1 to 5 had  each 10 seed lings of P hrag-  
m ite s  com m unis ,  from  No. 6 to 10 — 5 seed lings of P hrag m ites  c o m m u n is  and  5 of 
T y p h a  latifolia, No. 11 to 15 — 10 seed lings of T y p h a  latifolia.  A to ta l of 60 bu ck e ts  
w e re  u sed  for a ll soils. T he ex p e rim en t w as ca rr ied  o u t from  th e  15th M ay to  30th 
S ep tem b er 1969. T he seeds w ere  g e rm in a ted  in th e  san d  g e rm in a tin g  bed. Seedlings 
ab o u t 1 cm long w ere  p lan ted  in th e  buckets .

E x p e r i m e n t  B: a com m on cu ltu re  of v arious p la n t species on th e  sam e 
soil, i.e. on th e  lak e  m ud. T he fo llow ing  sets w ere  cu ltiv a ted : P h ragm ites  c o m 
m u n is  w ith  Schoenoplectus lacustris  (L); P hragm ites  c o m m u n is  w ith  E q u ise tu m  
l im o su m  L.; Schoenoplec tus lacustris  w ith  E q u ise tu m  lim osum .  E ach  p las tic  b u ck e t 
of th e  capacity  5 1 con ta ined  3.6 kg of th e  lake  m ud. T he p lan ts  w ere  cu ltiv a ted  
in  th e  fo llow ing w ay: b ucke ts  from  No. 1 to 5 — 4 p lan ts  of P hragm ites  co m m unis ,  
No. 6 to 10 — 2 p lan ts  P hragm ites  c o m m u n is  and  2 Schoenop lec tus  lacustris, No. 11 
to 15 — 4 p lan ts  of Schoenoplectus lacustris,  No. 16 to 20 — 2 p lan ts  of P hragm ites  
co m m u n is  an d  2 E q u ise tum  l im osum .  No. 21 to 25 — 4 p lan ts  of E q u ise tum  lim o
sum ,  and  No. 26 to 30 — 2 p lan ts  of E q u ise tu m  l im osum  an d  2 of Schoenoplec tus  
lacustris. A  to ta l of 30 buckets w ere  used. T he p lan ted  seed lings of P hragm ites  
co m m u n is  w ere  one y ea r old, and  abou t 10 cm long. Schoenoplec tus  lacustris  and  
E q u ise tu m  lim o sum  w ere  b ro u g h t from  a lake, reaso n ab ly  w ell developed; p a r t i
cu la r p lan ts  w ere  p lan ted  w ith  a sm all p a r t of rh izom e. T he e x p e rim e n t w as 
ca rr ie d  ou t from  th e  26th Ju n e  to 30th S ep tem b er 1969.

E x p e r i m e n t  C: a com m on cu ltu re  of P. co m m un is  an d  C arex  H udsoni  
(B ennet) on th e  g a rd en  soil. A series w as com posed of 15 e a rth e n  pots of th e  ca
pac ity  10 1 w ith  11.4 kg  of soil in each. T he d is tr ib u tio n  of p lan ts  w as as follow s: 
in pots No. 1 to 5 — 4 P .  co m m u n is  p lan ts , No. 6 to 10 — 2 P. c o m m u n is  and  2 C. 
H udsoni,  No. 11 to 15 — 4 C. H udson i  p lan ts . T he reed  seed lings w ere  one y ea r 
old, abou t 25 cm long, and  they  w ere  p la n te d  w ith  a sm all p a r t  of rh izom e. C. H u d 
soni w as p la n te d  in sm all clum ps of p lan ts  of th e  sam e size, sep a ra ted  from  th e  
sedge g row ing  on th e  shores of L ake  M ulik . T he ex p e rim en t w as ca rr ied  ou t from  
th e  26th Ju n e  to 30th S ep tem b er 1969.

E x p e r i m e n t  D: th e  cu ltu re  of P. co m m u n is  on th e  lak e  m ud  w ith  the  
ad d ition  of ae ria l p a rts  of T. latifolia, T. angustifolia , Heleocharis palus tr is  (L) 
Sch., Glyceria aquatica  (L). W ahlb, S. lacustris  (L) P a lla , A corus  ca lam us  L. The 
cu ltu res  w ere  k ep t in p las tic  boxes of th e  capacity  0.8 1. E ach box  co n ta ined  600 m l 
of soil com posed of the  m ix tu re  of m ud  and  p lan t m a te ria l d ried  an d  m illed  in  th e  
ba ll m ill (the con tro l ex p e rim en t: m ud  w ith o u t th e  add ition  of p la n t m a te ria l). T he 
m ud  w as m ix ed  th o ro u g h ly  w ith  th e  p la n t m a te ria l p laced  in boxes an d  covered 
w ith  w ate r. F ive  1 cm each reed  seed lings w ere  p lan ted  in each  box. G roup  Da: 
T he soil in each box com posed of 300 m l of m u d  and  300 m l (about 10 g d ry  w eight) 
of m illed  p lan t m ass. T he boxes con ta ined : from  No. 1 to 5 — m ud  w ith  m illed  
T. latifolia, No. 6 to  10 — m ud  w ith  T. angustifolia ,  No. 11 to  15 — m u d  w ith  H. 
palustris,  No. 16 to 20 — m ud  w ith  G. aquatica, No. 21 to 25 — m ud w ith  S', lacu
stris, No. 26 to 30 — m ud  w ith  A. calamus,  No. 31 to  35 — only  m u d  (the control). 
G roup  Db: th e  soil in each box com posed of 500 m l of m u d  and  100 m l (about 3 g 
d ry  m ass) of m illed  p la n t m ass. T he boxes con ta ined : No. 1 to 30 — as in th e  g roup  
Da, No. 31 to  35 — m ud  and  m illed  stem s of P. com m u n is ,  No. 36 to  40 — m ud  and 
m illed  P. co m m u n is  flow ers, No. 41 to  45 — only m ud  (the contro l). A to ta l of 80 
boxes w ere  used. E x p erim en t D a w as ca rr ied  out from  th e  14th to  th e  30th Ju ly  
1969, ex p e rim en t Db — from  th e  31st Ju ly  to  th e  10th O ctober 1969.

In  th e  ex p e rim en ts  A, B and  C th e  he ig h t of p lan ts  an d  th e  n u m b er of shoots 
w ere  m o n th ly  estim ated . F ive  h ighes t p lan ts  w ere  m easu red  in each  pot, th en  the  
m ean  h e igh t p e r po t w as ca lcu la ted  an d  th e  m ean  fo r a ll rep e titio n s. W henever 
th e re  w as less th a n  5 shoots in one pot a ll shoots w ere  m easu red . T he ae ria l and 
u n d e rg ro u n d  p lan t p a rts  from  th e  ex p e rim en ts  A, B and  C w ere  co llected  on th e  
30th of S ep tem ber 1969. T he roo ts an d  rh izom es w ere  sep a ra ted  from  th e  soil by 
w ash ing  on th e  sieve w ith  th e  m esh size 1 m m . A ll m a te r ia l w as d ried  a t 82°C for 
48 h r  and  w eighed. T he o b ta ined  re su lts  w ere  s ta tis tic a lly  analysed .

T he estim ation  of p roduc tion  of one seed ling  in ex p e rim en ta l cond itions allow s 
to com pare th e  dependence  of p roduc tion  on th e  type  of soil, as w ell as th e  in 
fluence  of o th e r p lan ts.

T he aq ua tic  em erg en t p lan ts  w h ich  develop from  th e  seeds do n o t reach  the
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size of fu lly  grow n p lan ts  d u ring  th e  f irs t year. In  th e  e x p e rim en t A th e  p lan ts  
reach ed  th e ir  m ax im um  h e igh t a lre ad y  a t th e  beg inn ing  of S ep tem b er bu t they  
d id  no t grow  m ore  during  th is  m on th  (T able I).

T ab le  I. The g row th  of p lan ts  (in cm) on m ud  (m eans from  
5 h ighes t shoots). E x p e rim en t A

Plan t
D ate

. 15.V 17.VI 17.VII 6.IX 30.IX

P. com m unis 1.0 5.4 38.6 57.3 56.5
T. latifolia 1.0 5.9 32.9 45.2 45.1

In  ex p e rim en t C la s t y ea r seed lings w ere  used , and  th e  m ean  he ig h t of 5 h ig h 
est shoots a t th e  end  of th e  v eg e ta tiv e  season  w as 67.4 cm. A lso in th is  case the 
p lan ts  reached  th e ir  m ax im um  an d  d id  no t g row  any  fu r th e r . T his allow s to com 
p a re  th e  resu lts  of various series, as th e  g row th  w as accom plished  in all e x p e ri
m en ts.

T he vege ta tion  season of 1969 w as ch a rac te rized  by low  p rec ip ita tio n s, qu ite  
a n u m b er of sunny  days, an d  th e  m ean  su m m er te m p e ra tu re  w as h ig h e r th a n  
usual.

3. R ESU LTS

THE A E R IA L  P A R T S

Experim ent A

The final results of experim ent A (Table II) show the tendency of 
reed to a considerable increase of the  num ber of shoots in favourable 
growing conditions.

Ten seedlings cultivated on mud produced from  49 to 62 shoots. The 
mean from 5 repetitions — 55.6 shoots per 10 seedlings.

However, in the same conditions the num ber of shoots of the cattail 
increased only slightly (11-14 per 10 seedlings).

The mass of one shoot of reed in the culture on garden soil was
0.197 g, while one shoot of cattail — 1.02 g, i.e. 5 tim es more. The bio
mass of both species collected from  one bucket shows sm aller differ
ences, as both the increase of num ber and the increase of single plant 
biomass are considered.

In the conditions of extrem ely poor substratum  (washed sand) both 
reed and cattail were in very bad conditions. The increases w ere in
significant. A certain reduction of num ber was observed. 10 seedlings 
of the cattail produced in one pot only 5.8 shoots — nearly  a half was 
reduced. The reed was more resistant — 10 seedlings produced 8.4 shoots 
per pot.

In good conditions the reed growing w ith cattail increased in num ber
2.5 times on garden soil, and 3.6 times on mud, while the relative in
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crease of the reed num ber w ithout cattail was 3.3 tim es and 5.6 times, 
respectively.

The biomass of reed shoot growing w ith cattail on garden soil was 
more than  two tim es lower than of reed w ithout cattail. The biomass of 
a single shoot of reed on m ud was 1.6 times lower in the presence of 
cattail than  w ithout it.

However, in both variants of the experim ent the cattail was growing 
be tte r w ith reed than w ithout it. The biomass of one shoot in the m ixed 
cu lture  was 1.56 times higher on mud, and 1.74 times higher on garden 
soil.

The differences are even clearer when estim ating the total p lan t 
production per 1 bucket (Table II).

The biomass produced by one seedling greatly  depends on the type 
of soil. One reed seedling produces from  12.4 mg dry weight on sand to 
964 mg on lake mud. One cattail seedling produced from  3.6 mg on 
sand to 1228 mg on garden soil. Thus the production range is great, and 
for reed it is nearly  78 times, depending on the soil, and even more for 
cattail i.e. nearly  340 times. The reed growing w ith cattail has a lower 
production, but tha t of cattail w ith reed is even better.

E xperim ent B

The results obtained in this experim ent are presented in Table III. 
In this experim ent 10 cm seedlings were used instead of younger ones, 
and therefore stronger plants were obtained. This is shown by the com
parison of reed w ith those from  experim ent A. The reed shoots had twice 
higher mass (347 mg as compared w ith 170 mg from  experim ent A), 
although the height of shoots was even slightly lower.

The reed cultivated w ith bulrush or w ith horsetail had lower pro
duction than reed alone. One seedling from monospecies culture pro
duced 6 shoots, from  the culture with horsetail — 5 shoots, and w ith  
bulrush — 4.6 shoots. The height is also given in the same order —
50.7 cm reed alone, 46.6 cm reed with horsetail, 35.6 cm — w ith bulrush.

One seedling of reed cultivated w ithout any other plants produced
2.07 g dry  weight of aerial parts, but the one cultivated w ith bulrush 
produced in the same time 1.31 g dry weight, i.e. 37% less. The influence 
of horsetail was w eaker, as the production decrease per one seedling 
was 12%. Both plan t species cultivated w ith  reed increased their bio
mass in the  same time — bulrush 49%, and horsetail 20% as com pared 
w ith the same species in their monospecies cultures. The bulrush culti
vated w ith horsetail increased its biomass 8%, and at the same tim e the 
biomass decreased 11% per one seedling of horsetail.
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T ab le  III. T he g row th  of va rio u s aq u a tic  p lan ts  on m ud. 
E x p e rim en t B — 26th Ju n e -6 th  O ctober 1969

P lan t species o

N u m b er of 
shoots p e r 

pot

M
ea

n 
he

ig
ht

 
(c

m
)

CO
CÖ
£ M

in ^w OJO
IS
>> o

M
ea

n 
bi

om
as

s 
pr

od
uc

ed
 

by 
1 

se
ed

lin
g 

(m
g)

The ra tio  
of b iom asses 

p ro d u ced  
by  1 se e d l

V
ar

ia
nt

 
i 

cu
lt

ur
e

• in
it

ia
l

73
a
<4H

’O'S
G ft
<U S-IÄ 0)§  ft

a s
c  “
CO ł-HCU
S 'S

ing of com 
p e tin g  

p lan t spe- 
qjes

P hraqm ites  co m m un is a 4 23.8 50.7 8280 347 2.07
Schoenoplec tus

lacustris b 4 11.4 67.4 7780 682 1.95
E q u ise tu m  l im osum c 4 67.6 42.0 6960 103 1.74

0

P hraqm ites  co m m un is a b 2 9.2 35.6 2620 285 1.31 ab/a =  0.63
P hraqm ites  com m un is a c 2 10.0 46.6 3670 367 1.83 ac/a =  0.88
Schoenoplec tus

lacustris b a 2 8.4 74.6 5820 692 2.91 b a / b  =  1.49
Schoenoplec tus

lacustris b c 2 7.0 66.3 4200 571 2.10 b c/b =  1.08
E q u ise tu m  lim osum c a 2 30.0 42.0 4160 139 2.08 ca/c =  1.20
E q u ise tu m  l im osum cb 2 21.4 38.5 3100 144 1.55 Gb/c =  0.89

a — P h r a g m i t e s  c o m m u n i s  — m o n o sp e c ie s  cu ltu re ;  
b — S c h o e n o p le c tu s  l a c u s t r i s  — m o n o sp e c ie s  c u ltu re ;  
c — E qu i s e tu m  l im o s u m  — m o n o sp e c ie s  c u ltu re ;

— P h r a g m i t e s  c o m m u n is  c u lt iv a te d  to g e th er  w ith  S c h o e n o p le c tu s  lacus tris-,  
a c — P h r a g m i t e s  c o m m u n is  c u lt iv a te d  to g e th er  w ith  Eq u i s e t u m  l im o s u m ;  
ba — S c h o e n o p le c tu s  l a c u s t r i s  c u lt iv a te d  to g e th er  w ith  P h r a g m i t e s  c o m m u n is ;  
bc — S c h o e n o p le c tu s  la c u s t r i s  c u lt iv a te d  to g e th er  w ith  E q u is e t u m  l im o s u m ;  
ca — E q u is e t u m  l im o s u m  c u lt iv a te d  to g e th er  w ith  P h r a g m i t e s  c o m m u n is ;  
cjj — E q u is e t u m  l im o s u m  c u lt iv a te d  to g e th er  w ith  S c h o e n o p le c tu s  la c u s t r i s .

Thus the reed decreased its production in the presence of both bu l
rush and horsetail.

The horsetail production in the  presence of bulrush was lower, bu t 
in the presence of reed — higher. The bulrush production increased in 
the cultures w ith reed and horsetail.

Experim ent C

The results obtained in this experim ent are. presented in Table IV.
One year old seedlings used in this experim ent gave the highest in

crease of reed production, as one seedling produced 5.15 g dry mass. 
This increase was m ainly due to the increase of shoots num ber — 15.4 
per seedling, as compared w ith 6 per seedling in experim ent B. How
ever, the dry mass of one shoot did not differ substantially  from  this 
value in experim ent B.

Carex Hudsoni, the second species used in this experim ent produced
8.6 g dry mass per seedling. This species had a visibly positive influence 
on the reed production, as a single seedling of reed growing w ith it pro-
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T able IV. T he g row th  of reed  and  sedge on g a rd en  soil. 
E x p e rim en t C — 16th M ay-6 th  O ctober 1969

P la n t species
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g)

M
ea
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ed
 

by 
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in
d.

 
(m

g)

T he ra tio  
of b iom asses 

p roduced  
by 1 seed l
ing of com 

p e tin g  
species

in
it

ia
l

fi
na

l

P h rag m ites  com m unis a 4 62.0 67.4 20,600 330 5150 1.52
P h rag m ites  com m unis a b 2 34.2 76.5 15,600 460 7800
C a rex  H ud so n i b a 2 X 45.4 11,460 X 5730

0.67C a rex  H udson i b 4 X 48.4 34,400 X 8600

X — It w as im p o ss ib le  to  sep a ra te  a s in g le  in d iv id u a l o f C a r e x  H udson i .  
a — P h r a g m i t e s  c o m m u n is  — m o n o sp e c ie s  cu ltu re ;  

b — C a r e x  H u d s o n i  — m o n o sp e c ie s  c u ltu re ;
— P h r a g m i t e s  c o m m u n is  c u lt iv a te d  to g e th e r  w ith  C a r e x  H u dson i;  

ba — C a r e x  H u d s o n i  c u lt iv a te d  to g e th er  w ith  P h r a g m i t e s  c o m m u n is .

duced 7.8 g dry mass. The reed in monospecies culture produced 5.15 g. 
Thus in the  mixed culture the reed production was over one and a half 
tim es higher that in the reed monospecies culture. This production in
crease was caused m ainly by the increase of shoots biomass, as their 
num ber slightly increased. In such situation the production of Carex 
Hudsoni was considerably lower. This is the only case among all in
vestigated p lan t species, when the reed production clearly increased, but 
the competing plant decreased its production.

E xperim ent D

The reed seedlings planted on m ud with the addition of p lant m a
terial did not develop. 10 g dry mass of p lan t m aterial per 300 ml of 
m ud in experim ent A, as well as 3 g per 500 ml in experim ent B was 
too much. Due to the addition of p lan t m aterial very strong ferm enta
tion processes took place in the mud. In the firs t experim ent nearly  all 
seedlings w ithered. In the second experim ent w ith lower mass of added 
plan t m aterial, the seedlings which survived were several times sm aller 
than the control ones, and the necrosis w ere clearly visible.

Thus the introduction of non-living plan t m aterial had much stron
ger influence than the mixed cultures w ith plants.

THE U N D E R G R O U N D  PA R T S

The dependence of aerial parts of p lants on the type of soil were 
presented above (Experim ent A). Table V presents the dependence of
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T able V. T he sh a re  of each p a r t of p la n t in  p roduc tion  of m acrophy tes

T ype of soil P lan t species

P lan t p a rts

ae ria l 
(g p e r 1 pot)

u n d e rg ro u n d

(g p e r  1 pot) (% of 
th e  to ta l)

Sand P. co m m u n is 0.12 0.78 86.6
(E xperim en t A) T. latifolia 0.04 0.35 89.7

G arden  soil P. com m u n is 5.24 18.78 74.1
(E xperim en t A) T. latifolia 11.82 30.88 72.0

L ake m ud P. com m un is 9.64 23.89 71.3
(E xperim en t A) T. latifolia 11.82 27.94 70.5

L ake m,ud
(E xperim en t B) P. com m un is 8.27 18.61 69.2

the development of underground parts on the type of soil. The reed on 
mud produced in the experim ent A 2.5 g of roots and rhizomes per 1 g 
dry weight of aerial parts, and in experim ent B — 2.2 g, respectively. 
In the cultures on garden soil — 3.6 g of roots and rhizomes. The cattail 
growing on mud produced 2.4 g of roots and rhizomes per 1 g dry 
weight of aerial parts, and on garden soil — 2.5 g. Much greater share 
of the underground parts was found in the cultures on sand: 1 g dry 
mass of aerial parts of reed produced 7.3 g of roots and rhizomes, while 
cattail-— 3.3 g.

4. D ISC U SSIO N

A part from a great variety  of aquatic plants, the beds of em ergents 
are usually monospecific. The beds w ith several species of p lants are 
relatively rare. This phenomenon cannot be explained by the environ
m ental conditions.

The replacem ent of one species by another, which la ter form  the 
monospecies aggregation, can be observed during the succession changes. 
The observations concerning the w ithdraw al of certain p lants from  the 
stands previously occupied by them, and the expansion of certain spe
cies causing the disappearance of species form erly growing in this place 
(H a s 1 a m 1968), as well as own observations allow to expect certain 
mechanisms causing these changes. N o w i ń s k i  (1961) quotes the re
sults of many authors concerning the translocations of te rrestria l plant 
species. The perennials w ith a vegetative grow th with clones expanding 
in all directions are observed to w ither in their central parts. Such 
developm ent is usually caused by soil intoxication due to decomposition 
of organic litte r of such clone ( N o w i ń s k i  1961). In some years such
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clone divides on the outside into a num ber of separate descendant plants, 
and the centre is inhabited by other species. The so-called ’’internal 
crop-rotation” is observed on the meadows, i.e. particu lar p lan t species 
change their place of growth on a given area (L i e t h 1960). Such phe
nomena, as e.g. slowing down or stim ulation of the plant growth, caused 
by the activity of chemical substances derived form  plants are called 
a fte r M o l i s c h  (1937) allelopathy. Thus, apart from the microclimatic 
differences, the type of soil or hum an differences in the p lan t cultures 
as m anuring, utilization and so on, the specific form s of growth of 
particu lar species and their allelopathic interactions decede about the 
differentiation of p lan t associations ( K n a p p  1960).

In agriculture the knowledge of allelopathic influences is very im
portan t as in m any cases it helps to increase the crop production, or at 
least to prevent their decrease by application of proper crop-rotation 
preventing the so-called ’’soil sickness” i.e. the contam ination of it by 
products of m etabolism  and plan t decomposition, but not the lack of 
necessary nutrients.

It is obvious, th a t the allelopathic substances can act differently  in 
field conditions than  in the laboratory. K n a p p  (1960) says, that the 
laboratory results can be applied in the na tu ra l conditions for natural 
associations. However, there are m any obvious examples of allelopathic 
interrelation influences found on various not buffered nu trien ts in other 
laboratory arrangem ents, which would never be found in nature. The 
phenology plays a very significant part in the investigations of allelo
pathy. H o l z  and R i c h t e r  (1960) while investigating the alcaloids 
content in Equisetum palustre found their rapid decrease during the 
first frost. The type of substratum  is also one of the factors influencing 
allelopathy ( K n a p p  1960).

In the m ajority  of cases it is difficult to separate direct influence of 
plants on other p lants from  th a t of other ecological factors. However, 
the influence of certain chemical substances produced by plants can be 
distinguished. These substances can have a bad or stim ulating influence 
on the plant developm ent.

The influence of various p lan t species is strongly connected w ith the 
environm ental conditions. The plan t production on various soils of plants 
influencing o ther plants is different (Fig. 1). The grow th of reed and 
cattail on sand and peat is very poor, but is much better on the lake 
mud and garden soil. The influence of plants on other p lants in the 
cultures on sand is not easily noticed. A slight increase of the biomass 
of reed in the cu ltu re  w ith cattail can be only observed (Fig. 2) when 
compared w ith reed biomass w ithout cattail.

On the peat soil the grow th of reed in the cultures w ith cattail was
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Fig. 1. G row th  of P hragm ites  co m 
m u n is  T rin . and  T y p h a  latifolia  L. 
on d iffe ren t soils. 1 — P. co m m u n is  

T rin .; 2 — T. latifolia  L.

Fig. 2. In te rac tio n  of p lan ts . D ry  m ass of ae ria l p a r t p roduced  by  1 seedling . 1 — 
P. co m m u n is  T rin . — m onospecies cu ltu re ; 2 — P. c o m m u n is  T rin . cu ltiv a te d  toge
th e r  w ith  T. latifolia  L .; 3 — T. latifolia  L. cu ltiv a ted  to g e th e r w ith  P. com m u n is  

T rin .; 4 — T. latifolia L. — m onospecies cu ltu re

slightly poorer as compared with the control one, but the cattail grow
ing with reed shows a visible biomass increase compared w ith the cattail 
control (Fig. 2).

The differences betw een the biomass of these two species are easily 
distinguished in the cultures on garden soil and mud, both in mono
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species culture and in the m ixed one (Fig. 2). The reed grows much 
be tte r on the mud than  on the garden soil (Table II), and for the cattail 
both environm ents are equal.

On the garden soil the biomass of reed in the cultures w ith cattail 
is 67% lower than in the monospecies reed culture. On the other hand 
biomass of cattail in the cultures w ith reed is 75% higher.

On the m ud the production of reed in the cultures w ith cattail is 
61% lower than in the monospecies reed culture. The cattail cultured 
w ith reed shows the 40% production increase as compared w ith cattail 
in monospecies culture. Thus the type of soil determ ines the way of 
penetration of chemical substances and their inactivation. K n a p p  
(1960), while carrying out the experim ents on the germ ination of Lolium  
multiflorum  in various condensated nu trien ts w ith the addition of 0.1% 
of cum arine in distilled w ater, and on the soil (Humusboden) obtained 
in the la tte r the highest germ ination and the lowest in w ater w ith 
cumarine.

The visible increase of cattail production in the cultures w ith reed 
(40 and 75%) with a sim ultaneous decrease of reed production under the 
influence of cattail (67 and 61%) cannot be explained by accidental 
factors.

The production of reed cu ltured  w ith bulrush and horsetail also 
decreased (Table III). The reed production was less influenced by bul
rush than by cattail, and it was even less influenced by Equisetum limo- 
sum  (Table VI). Among the above plan t only Carex Hudsoni stim ulated 
the reed production.

T able VI. T he change of reed  p roduc tion  
u n d e r th e  in fluence  of associa ted  p lan ts

The associa ted  species R eed  p ro d u c tio n  
(% of th e  contro l)

T yp h a  latifolia 39
Schoenoplectus lacustris 63
E q u ise tu m  lim osum 88
C arex H udsoni 152

The influences of p lants are bi-directional, and the changes of pro
duction of plants associated w ith reed should be also noticed. All in
vestigated species changed their production in the presence of reed 
(Table VII). The increase of associated p lan t production is generally 
accompanied by the decrease of reed production, and inversely.

In the case of sedge, bulrush and horsetail these changes are inversely 
proportional. However, the cattail slows down the reed growth much
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T ab le  V II. T he in fluence  of reed  on th e  
p rod u c tio n  of associa ted  p lan t species

T he associa ted  species P ro d u c tio n  
(.% of th e  con tro l)

C arex H udsoni 67
E q u ise tu m  l im osum 120
T yp ha  latifolia 140
Schoenoplectus lacustris 149

more than it could be the result of the increase of its production both 
on garden soil and on mud.

The bulrush in the cultures w ith horsetail slightly increases the pro
duc tio n — 8% (Table III), a t the same time slowing down the grow th of 
horsetail in 11% as compared w ith  the control.

M a n n  and B a r n e s  (1949), B ö r n e r  et al. (1959), K n a p p  (1960) 
and others in the experim ents w ith the terrestria l p lants frequently  
observed the stim ulating or inhibiting influence of some plants on other. 
The phenomenon of joint stim ulation or inhibition at the same tim e is 
very rare. In these investigations such situation did not happen.

The plants cultivated on various soils produced different biomass of 
aerial parts (Table II). The underground parts were also different de
pending on the type of substratum  (Table V). The obtained results are 
slightly higher than the am ount of roots per the mass unit of the aerial 
part of reed given by S z c z e p a ń s k i  (1969). This au thor says, tha t 
the reed produces 2 g of underground parts per 1 g of aerial parts. The 
values obtained in this paper are w ithin the lim its of results given in 
the already m entioned paper. An increase of the underground parts is 
probably caused by the poor substratum .

B ö r n e r  et al. (1959) in their experim ents on germ ination of flax 
in various nu trien t concentrations found tha t the grow th of roots is in
versely proportional to the nu trien ts  concentration.

Although the trophy of the environm ent has a decisive influence on 
the m acrophytes production, it is not the only factor influencing it. The 
competition among various p lant species is also of a great im portance 
in regulating thjs production.

Among the num erous competition mechanisms, the allelopathic in
fluences are very im portant, as due to them  the production in certain 
environm ental conditions can be considerably increased or decreased. 
B etter knowledge of this phenomenon in the lake littoral would allow 
to learn more about the complicated ecological processes which take 
place in this zone.
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5. SUM M ARY

T he exp erim en ts  on th e  a lle lo p a th ic  in fluences am ong aqu a tic  p lan ts  w ere  
ca rr ie d  ou t in 1969. The fo llow ing  p lan t species w ere  cu ltiv a ted  to g e th e r: 1. Phrag-  
m ites  co m m u n is  and  T yp h a  latifolia, 2. P h ragm ites  co m m u n is  and  Schoenoplectus  
lacustris,  3. Phragm ites  co m m u n is  and  E q u ise tu m  lim osum .  I t  w as found , th a t  in 
th e  m ixed  cu ltu res  the  p lan t p rod u c tio n  w as d if fe re n t th a n  in th e ir  m onospecific  
cu ltu res . T he decrease of reed  p rod u c tio n  w as accom panied  by th e  increase  of 
o th e r species p roduction , an d  inverse ly .

T he in fluences of p lan ts  on o th e r p lan ts  d epend  on th e  type  of soil.
T he g row th  of reed  and  c a tta il im proves on b e tte r  soil, such  as m ud  and  garden  

soil, b u t no t on p ea t and  sand  (T able II). T he g row th  of u n d e rg ro u n d  p a rts  also 
depends on th e  type  of su b s tra tu m ; th e  g row th  w as b e s t on sand , th en  on g ard en  
soil and  m u d  (Table V).

D ead p lan t m a te ria l in tro d u ced  to th e  su b s tra tu m  in h ib ited  th e  g row th  of reed .

6. ST R ESZC ZEN IE

W sezonie w egetacy jnym  1969 Th p rzep row adzono  dośw iadczen ia  n a d  w ielkością  
oddziaływ ań  alle lopatycznych  m iędzy ro ś lin am i w odnym i. H odow ano w spó ln ie :
1. Phragm ites  com m u n is  z T y p h a  latifolia, 2. P h ragm ites  co m m u n is  z Schoenop lec
tus lacustris,  3. Phragm ites  co m m u n is  z E q u ise tu m  lim osum .  S tw ierdzono , że w  ho
dow lach m ieszanych  p ro d u k c ja  ro ś lin  różn iła  się od p ro d u k c ji tych  ro ślin  w m o
n o ku ltu rze . Spadkow i p ro d u k c ji trzc in y  tow arzyszy  w zrost p ro d u k c ji ro ś lin y  to w a 
rzyszącej i odw ro tn ie  (Tab. VI i VII).

W zajem ne oddziaływ anie ro ślin  są zależne od ro d za ju  gleby.
Rozwój trzc iny  i pa łk i je s t lepszy na g lebach  żyźnie jszych  — m u ł jez io rny  

i ziem ia ogrodow a, słabszy zaś na  to rfie  i p iask u  (Tab. II). Rozwój części podziem 
nych zależy od żyzności g leby — na jw iększy  je s t na  p iasku , m nie jszy  na  ziem i 
ogrodow ej, jeszcze m niejszy  na  m ule  (Tab. V). M artw y  m a te ria ł ro ś lin n y  w p ro w a 
dzony do gleby oddziału je  h am u jąco  na  rozw ój trzciny .
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A BSTR A C T

A lcohol e x tra c ts  of a lgae  of th e  g en e ra  C h lo re lla  and  S cenedesm us in h ib it th e  
developm ent of abou t 20°/o of w a te r  m icroorgan ism s. P a r tic u la r ly  v u ln e rab le  are  
G ram -p o sitiv e  b ac te ria  of th e  gen e ra  M icrococcus and  B acillus. A m ong th e  G ram - 
nega tive  b ac te ria , th e  g rea te s t n u m b e r of v u ln e rab le  s tra in s  can be found  in th e  
P seudom onas g roup  and  in  th e  E n te ro b a c te ria ceae  fam ily . C h lo re lla  e x tra c ts  have 
m ore  ex ten s iv e  scope of an tag o n is t ac tion  th a n  S cenedesm us ex trac ts . T he la tte r , 
how ever, a re  m ore ac tive  an d  th ey  in h ib it th e  g ro w th  of b ac te ria  in  la rg e r areas.

C O N TEN TS
1. In tro d u c tio n  5. S um m ary
2. M ateria l and  m ethods 6. S treszczenie
3. R esu lts 7. R eferences
4. D iscussion

1. IN TRO D U C TIO N

A n u m b er of a lgae species p roduce  in lig h t b ac te ric id a l or bac te rio s ta tic  su b 
stances. A d e ta iled  lis t of th e  la t te r  can be fo und  in S i e b u r t h  (1964). Som e of 
them  inh ib it th e  developm ent of sap ro p h y tic  b ac te ria , to som e o th e rs  pa thogen ic  
ones a re  v u ln e rab le , and  th u s  th ey  seem  to have  s a n ita ry  sign ificance  ( S i e b u r t h  
1962, S i e b u r t h  a nd  P r a t t  1962). In  in lan d  w a te rs , p a r tic u la r ly  im p o rtan t in 
th is resp ec t a re  species belonging  to th e  C h lo re lla  and  S cenedesm us genera. 
A ccord ing  to L e v i n a  (1961), these  o rgan ism s in h ib it th e  d eve lopm en t of b ac te ria  
of the  coli and  sa lm onella  g roups. A lso T e l i t ö e n k o  et al. (1962) an d  S t e b l y u k  
(1968) show ed the  le th a l im pac t of C h lo re lla  and  S cenedesm us upon  salm onellas. 
A lcohol e x tra c ts  of these  a lgae ac t to x ica lly  aga in s t G ram -p o sitiv e  bac te ria , too. 
A ccord ing  to K r z y w i c k a  (1966), th e  g row th  of Bacillus subtil is  w as com pletely  
in h ib ited  a f te r  16 h r  of exposition  in  lig h t to  p ro p e rly  p rocessed  alcohol e x trac ts  
of Chlorella vulgaris.  T hese b a c te r ia  also die in th e  en v iro n m en t of s im ila r e x trac ts  
of Chlorella pyrenoidosa  (M a t u s i a k et al. 1965).

I t  seem s in te re s tin g  from  an  ecological po in t of v iew , to w h a t e x te n t th e  above 
m en tio n ed  a lgae  a re  ap t to  in h ib it th e  deve lopm en t of p la n t m icroorgan ism s liv ing  
in  w ate r. No c lea r d a ta  can be found  in  lite ra tu re . O nly B u r k h o l d e r  e t al. 
(1960) and  D u f f  e t al. (1966) o ffer som e g en e ra l rem ark s , b u t th e  m ain  concern  
of th e ir  w orks a re  an tib io tic  p ro p e rtie s  of sea  a lgae an d  b ac te ria .

T he p ro g ram  of m icrob io log ical re sea rch  of th e  Iław a  lakes includes a study  
of v arious fac to rs  in f luenc ing  th e  deve lopm en t of p la n t m icroorgan ism s of those
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w ate rs ; phy to p lan k to n  seem s to  be one of such fac to rs . T he p re se n t p ap e r concerns 
th e  in fluence  of alcohol ex trac ts  of a few  species of th e  C h lo re lla  an d  S cenedesm us 
algae upon Iław a lakes p la n t m icroorganism s.

2. M A TER IA L AND M ETH O D S

A l g a e .  T he fo llow ing  algae w ere  used  fo r s tu d y : Chlorella vulgaris  A23, 
Chlorella pyrenoidosa  A82, Chlorella ell ipsoidea  A25, S cen ed esm us  ohliquus  A125, 
Scenedesm us quadricauda  A119, and  Scenedesm u s  acum in a tu s  A124 from  th e  P ra t t  
collection in P rag u e , rece ived  from  th e  D ep artm en t of B o tany , H igher School of 
A g ricu ltu re  in L ub lin . T he algae w ere  cu ltiv a ted  in 25°C, in s tead y  bu lb  lig h t 
(4000 Lux), in E rlen m ay e r flasks con ta in ing  a p ro p e r m in e ra l m ed ium , th ro u g h  
w hich ste rilized  a ir w ith  5%  of C 0 2 w as pum ped.

F o r the  C h lo re lla  cu ltu res , th e  fo llow ing  m in e ra l m ed ium  w as used (a fte r M a- 
t u s i a k  et al. 1965): K N 0 3 — 1.0 g; K H 2P 0 4 — 0.135 g; M g S 0 4 • 7H20  — 0.5 g; 
F e S 0 4 * 7H20  — 0.003 g; n a tr iu m  c itra te  — 0.0057 g; so lu tion  of m ic roe lem en ts  (H.iBOs — 
2.137 g; M nC l2 • 4H20  — 1.810 g; Z n S 0 4 * 7H20  — 0.220 g; (NH4)2M o 0 4 — 0.002 g ; ' 
C uS0 4.5 H 20  — 0.070 g; C o(N 03)2 • 6H20  — 0.080 g; N H 4Vo3 — 0.010 g; d is tilled  
w a te r — 1000 ml) — l m l; d is tilled  w a te r —1000 m l; pH  6.8-6.9.

T he S cenedesm us a lgae w ere  cu ltiv a ted  accord ing  to M e f f e r t  (1960) on th e  
fo llow ing m ed ium : (NH4)2H P 0 4 — 0.272 g; M g S 0 4 • 7H20  — 0.18 g; K H 2P 0 4 — 0.14 g; 
m icroelem en ts accord ing  to A m o n  (K r a u s s 1953), fe r ru m  accord ing  to R h o d e  
(1948), d is tilled  w a te r — 1000 m l; pH 6.8.

P r e p a r a t i o n  o f  a l c o h o l  e x t r a c t s .  14 days old cu ltu re s  w ere  c e n tr i
fuged d u ring  20 m in a t 2000 r.p .m .; the  c lear liqu id  w as th en  sipped  from  above 
the  sed im en t, 1000 m g of w h ich  w as p u t in to  E rlen m ay er flasks, w h ere  10 m l of 
96% e th y l alcohol w as pou red  on it. It w as th en  le f t in a cool a t 4°C u n ti l com plete  
evapo ra tion  occurred . T he sed im en t th u s  p rep a red  w as soaked  w ith  s te rilized  w a te r 
in the am oun t of 1 ml/100 m g of fresh  cell m ass of algae.

B a c t e r i a .  B ac te ria  s tra in s  iso la ted  d u ring  1967-1968 from  w a te r  of Iław a  
lakes ( N i e w o l a k  1970) w ere  used  fo r study . T hey  w ere  id en tif ied  by m eans of 
the  B e r g e y ’ s (1957) key and  th e  S h e w a n ’ s e t al. (1969) schem e.

E x p e r i m e n t s .  1 m l po rtions of 24 h r  b ac te ria  cu ltu res  w ere  in ocu la ted  
on b ro th  agar, on P e tr i p la tes. A fte r so lid ification , rings of f i ltra tio n  b lo ttin g  paper 
5 m m  in d iam ete r and  p e rm ea ted  w ith  0.05 m l of an  a lgae alcohol e x tra c t  w ere  
p u t upon th e  p la tes. A fte r 24-48 h r  of incuba tion  of b ac te ria  at room  te m p e ra tu re , 
th e  e x te n t of the  a rea  of inh ib ition  of b ac te ria  g row th  w as m easu red  (in m m ) from  
the  r in g ’s rim  to  th e  o u te r rim  of th e  g ro w th  area.

3. R ESU LTS

From  among 768 various bacteria strains, isolated from  Iław a lakes 
water, 162 strains (21.1%) proved m ore or less vulnerable to one or more 
species of the investigated algae. The greatest num ber of vulnerable 
strains (126, i.e. 77.7%) was found among the Gram -positive bacteria, 
m ainly from  the Micrococcus and Bacillus genera (Table I and II), while 
there was only 36 vulnerable strains (22.3%) among the G ram -negative 
bacteria of the Enterobacteriaceae family, and the following genera: 
Aeromonas, Pseudomonas, Achromobacter, Alcaligenes, Flavobacterium , 
Xanthomonas, Vibrio, Corynebacterium , and A rthrobacter (Table III). 
Only 11 strains of bacteria were vulnerable to all the investigated species 
of algae: Micrococcus varians No. 290, 392 and 398, M. flavus  No. 395, 
Streptococcus sp. No. 714, Staphylococcus No. 83, Bacillus sp. No 23 and 
215, B. firuius No. 98, Aerovionas sp. No. 442 and Flavobacterium  No.
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711. The m ajority yielded to antagonistic action of one, two or rarely  
three or four species of algae. Chlorella extracts acted upon m uch greater 
num ber of bacteria strains than  Scenedesm us extracts. E.g., 30 strains 
of Gram -negative rods and of the  Corynebacterium  genus (Table III) 
reacted to Chlorella extracts, while only half as m any reacted to Scene
desmus extracts. Sim ilarly, among the studied Gram -positive rods 
(Table II), 60 strains reacted to Chlorella extracts, and from  about 
a dozen to 21 strains reacted to Scenedesm us extracts. Also among the 
cocci (Table I), more strains reacted to Chlorella than  to Scenedesmus 
extracts.

It seems, however, tha t Scenedesm us extracts were more intensively 
active than  Chlorella extracts; it can be observed most clearly in Table 
I, w here the largest areas of grow th inhibition of the cocci, reaching 
5 mm and more, appear m uch more often in presence of Scenedesmus 
ex tracts (10 times) than in presence of Chlorella ex tracts (4 times). Fi
gure 1 presents the areas of grow th inhibition of some G ram -positive 
bacteria in presence of alcohol ex tracts  of the investigated algae.

Fig. 1. A reas of g row th  in h ib ition  of b ac te ria  u n d e r  th e  in fluence  of alcohol e x 
tra c ts  of algae. A — Bacillus sp. No. 23 c u ltu re : 1 — Chlorella vulgaris  e x tra c t, 2 — 
Chlorella pyrenoidosa  e x tra c t; B — Bacillus m e g a th e r iu m  No. 397 cu ltu re : 1 — C hlo 
rella vulgaris  ex trac t, 2 — Chlorella pyrenoidosa  e x tra c t; C — Micrococcus candidus  
No. 345 cu ltu re : 1 — Chlorella vu lgar is  e x tra c t, 2 — Chlorella pyrenoidosa  e x tra c t.

O utside of g row th  inh ib itio n  a reas  th e re  is seen g row th  s tim u la tio n  a reas

3 — P o lsk ie  A rch iw u m  H y d ro b io lo g ii
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T a b le  I. G ro w th  in h ib it io n  a rea s  o f G r a m -p o sit iv e  c o c c i
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M ic r o c o c c u s  v a r ia n s 34 IV 1967 1 0.5 3 — — —
c a s e o ly t i c u s 53 V — 1 05 — — —
sp. 55 V 0.5 2 — — — —
sp. 72 V — 1 1 — — —
c a s e o ly t i c u s 73 V 3 — 3 — s 3 s -
c a n d id u s 107 V II — — 5 5 7 7
sp. 168 V III — 0.5 — 0.5 S — —
sp. 190 IX 1 0.5 1 — — —
u r e a e 205 IX 0.5 1 0.5 — — s — s
f r e u d e n r e i c h i i 213 IX 0.5 1 — — 0.5 —
lu t eu s 260 X I 1 0.5 — — — —
u r e a e 261 X I — 0.5 — — — —
f r e u d e n r e i c h i i 275 X I — 0.5 0.5 0.5 0.5 —
v a r ia n s 290 X I 0.5 0.5 0.5 0.5 0.5 0.5
sp. 294 XI 0.5 1 0 5 — 0.5 —
f r e u d e n r e i c h i i 296 X I 1 0.5 2 1 2 3
lu t e u s 301 X I 0.5 0.5 0.5 — — —
c o n g lo m e r a tu s 322 X II 0.5 0.5 1 — 2 3
c o n g lo m e r a tu s 329 X II 1 2 1 1 s — s —
c a n d id u s 345 X II 2.5 S 1.5 S 0.5 — — 2
v a r ia n s 346 X II 2 2 2 2 — —
c o n g lo m e r a tu s 354 X II 0.5 — 0.5 — 5 3
v a r ia n s 359 X II 1 1 — 2 1 2
c a n d id u s 365 I 1968 — — 5 — 3 —
sp. 366 I 2 — 1 2 5 5

 la ck  o f g ro w th  in h ib it io n ; s — g r o w th  s t im u la tio n .

Various strains of the same species often reacted differently. E.g. 
Micrococcus varians No. 34 and 539 was developing norm ally and did 
not react to the presence of Scenedesmus alcohol extracts, while other 
strains of the same species (No. 290, 346, 359, 392, 398) were inhibited 
by one or more species of these algae. There were also differences as to 
the extent of inhibition areas between various strains of the same species 
of bacteria. E.g., Micrococcus varians No. 290 was more resistan t to the 
influence of Scenedesmus alcohol ex tracts than Micrococcus varians No. 
359, 392 and 398. Sim ilar observations were made for other species of 
bacteria and other genera of algae.

Besides antibiotic properties, a p a rt of alcohol ex tracts of the in
vestigated algae revealed stim ulating influence upon certain bacteria 
species. This was indicated by a form ation of a characteristic growth 
nimbus im m ediately around the blotting paper ring perm eated w ith an 
alcohol extract of the proper algae (when the action was not antagonistic), 
or at the outer rim  of the inhibition area (in vulnerable cultures). The
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un d er  th e  in f lu e n c e  o f a lc o h o l e x tr a c ts  o f  a lg a e  (in  m m )
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M ic r o c o c c u s  sp. 371 I 1968 1 1 1 — — —
c a n d id u s 381 I — — 2 —  S 5 2
u r e a e 385 I 1 2 3 — — —
v a r ia n s 392 I 1 0.5 3 1 2 4
c a n d id u s 394 I — — 1 — 1 1
f l a v u s 395 I 2 1 8 3 7 6
v a r ia n s 398 I 3 2 3 2 8 6
c a s e o l y t i c u s 427 III 0.5 1 — — — —
c o n g lo m e r a tu s 428 III 2 1 — — 1 2
sp . 455 III 3 1 2 1 1 s —
c a n d id u s 464 III — 0.5 1 s — s 0.5 S —
sp . 482 III 1 1 1 — — —
v a r ia n s 539 IV 1 2 1 — — —
sp . 591 V — — — — 1 1
sp . 658 VI 0.5 2 — s — s — —
r u b e n s 685 VI 0.5 0.5 0.5 0.5 — —
sp . 735 V II 0.5 0-5 0.5 — — —
c o n g lo m e r a tu s 752 V II 0.5 1 — — — —
sp. 754 VII 0.5 s 0.5 S 0.5 S 0.5 S 0.5 S 0.5 s

S t r e p t o c o c c u s  sa l i v a r iu s 388 I 1968 5 1 — — — 5
sp . 714 V II 0.5 S 0.5 S 0.5 S 0.5 S 0.5 s 0.5 s

S a r c in a  u r e a e 76 VI 1967 4 — — — — 4
f l a v a 103 V II 3 3 4 — 1 4

S ta p h y l o c o c c u s  a u r e u s 83 V II 1 2 1 0.5 0.5 1

T he n u m b er o f v u ln er a b le  stra in s: 38 40 36 17 25 21

stim ulation phenomenon could be observed among both Gram-positive 
and G ram -negative bacteria. At Figure 1C, a grow th nimbus can be seen 
beyond the inhibition areas of the Micrococcus candidus No. 345, around 
the blotting-paper rings perm eated w ith an ex tract of Chlorella vulgaris.

4. D ISC U SSIO N

Ecological significance of antibiotic substances secreted by algae in 
w ater environm ent has been m uch disputed in recent years. Because of 
their selective influence upon a num ber of pathogenic bacteria, even 
some sanitary  im portance is ascribed to them. Such role can be per
form ed by the Diatomae Skeletonema costatum  in sea w aters and in 
river estuaries, while a sim ilar influence in inland w aters is ascribed to 
several species belonging to the Chlorella and Scenedesmus genera. It 
can be seen from  the present work tha t these algae reveal a relatively 
wide scope of antagonistic influence. Alcohol ex tracts from  these orga-
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T ab le  II. G row th in h ib it io n  a reas  o f  G ra m -p o sit iv e  rods
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B a c i l lu s  sp. 12 IV 1967 1 0.5 1 _ _ _

sp. 23 IV 5 1 4 7 6 8
m e g a t h e r i u m 71 V 2 2 — — — —

m e g a t h e r i u m 97 VI 2 2 0-5 — — —

f i r m u s 98 VI 3 4 5 2 4 3
sp. 142 V III 0.5 1 — — — —

sp. 158 V III 0.5 0.5 — — — —

sp. 162 V III — 1 — 0.5 — _

b r e v i s 184 IX 0.5 0.5 — — — —

sp. 185 IX 1 2 2 1 1 —

sp. 191 IX 0.5 1 — — 0.5 —

sp. 192 IX 0.5 1 — — _ _

sp. 194 IX 0.5 1 2 — — —

sp. 196 IX 0.5 1 — — — —

sp. ?10 IX — 1 — — 0.5 _

sp . 211 IX 0.5 1 1 — — —

sp. 215 IX 0.5 s 0.5 s 0.5 s 0.5 s 0.5 s 0.5 s
sp. 2 . 0 IX — 0.5 0.5 — — —

sp. 221 IX 0.5 0.5 — — — —

sp. 222 IX 0.5 0.5 0.5 0.5 _ _

sp. 224 IX 0.5 0.5 — — — —

sp. 229 IX 1 2 2 — — __

sp. 249 IX 1 2 2 — _ __

sp. 255 IX — — — 0.5 s 0.5 s 0.5 s
sp. 269 IX — — — 2 2 2
sp. 272 X I 0.5 1 — — — __

sp. 280 X I — 0.5 0.5 0.5 0.5 0.5
sp. 303 X I 1 2 _ _ _ _
p u m ilu s 312 X II 1 1 0.5 _ _
sp. 313 X II 0.5 0.5 0.5 —  s —  s —  s
p u m ilu s 319 X II 0.5 s 0.5 s 0.5 s —  s —  s —  s
su b tilis 320 X II 1 2 1 __ _
sp. 322 X II 0.5 1 __ __ _ _
sp. 349 X II 0.5 0.5 — __ _ _
sp. 368 X II 2 - 2 - — s — s

 la ck  o f  grow th , in h ib it io n ; s — g r o w th  s tim u la tio n .

nisms inhibit the developm ent of m any different species of Gram -posi
tive bacteria, as well as of a num ber of G ram -negative ones. Among the 
Gram-positive bacteria, species belonging to the Micrococcus and Ba
cillus genera proved to be particu larly  vulnerable. V ulnerable strains 
occurred also among streptococci, sarcinae and staphylococci, and among 
the species of Corynebacterium . Bactericide influence of algae upon 
streptococci was also found by B u r k h o l d e r  et al. (1960), J o r g e n 
s e n  and N i e l s e n  (1961), S a z e t al. (1963), D u f f  et al. (1966), and 
recently also by P o s t o l i c a  (1968) and S t a n g e n b e r g  (1968). All
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u n d er  th e  in f lu e n c e  o f a lc o h o l e x tr a c ts  o f  a lg a e  (in  m m )
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B a c i l lu s  b r e v i s 382 I 1968 2 2 2 _ _ _
sp. 389 I 1 1 1 — — —
m e g a th e r iu m , 397 I 0.5 1 1 — — —
m e g a t h e r i u m 401 I 1 — 3 — 2 —
sp. 424 III 1 0.5 0.5 _ — —
l i c h e n i f o r m is 434 III 2 1 1 1 0.5 —
sp. 437 III 0.5 — 1 — — —
sp. 445 III — 1 1 0.5 — —
sp. 447 III 0.5 0.5 1 0.5 — —
sp. 465 III 1 0.5 0.5 0.5 — —
sp. 470 III 0.5 2 — _ — 0.5
p u m i l u s 478 III 1 1 1 __ _ _
s u b t i l i s 489 IV 1 1 1 _ _ _
p o l y m y x a 504 IV - 1 1 _ — —
sp. 512 IV 1 1 1 — — —
sp. 516 IV 2 1 3 1 3 3
s u b ti l is 518 IV 2 2 2 1 __ 1
su b ti l is 523 IV 1 1 1 _ _ —
sp. 528 IV 1 0.5 — — _ _
sp. 536 IV 1 1 1 _ — _
sp. 538 IV 1 2 1 _ _ _
sp. 540 IV 1 1 — _ _ —
sp. 549 IV 2 1 8 __ 4 4
p u m i l u s 552 IV 1 1 2 __ __ __

sp. 563 VI 1 2 1 0.5 _ —
sp. 566 VI 0.5 0.5 — 0-5 — S —
sp. 667 VI 2 1 — — _ _

sp. 674 V I 0.5 1 _ __ _ __

m a c e r a n s 702 VII — s 0.5 S 0.5 s — s 0.5 s __

p o l y m y x a 703 VII 1 2 1 0.5 __ __

s u b t i l i s 706 VII 0.5 0.5 0.5 0.5 — _

sp. 721 VII 0.5 0.5 0.5 — — —
sp. 748 VII 1 1 _ _ __ __

p o l y m y x a 753 VII 0.5 S 0.5 s 1 s 0.5 s __ __

m yco id .e s 678 V II 2 2 1 3 2 2

T he nu m b er o f v u ln er a b le  stra in s: 61 65 46 21 15 11

these authors m aintain consistently th a t various algae inhibit the deve
lopm ent of bacteria strains not only in laboratory, but in na tu ra l w ater 
environm ents as well. Perhaps antibiotic substances secreted by algae 
play some role in their survival. It is possible tha t some restriction of 
grow th of noxious and other bacteria can be advantageous for the algae, 
perhaps in the competition for nutritious ingredients.

According to D u f f  et al. (1966), the selective action of algae towards 
Gram -positive bacteria, and in particu lar tow ards the Staphylococcus, 
and the lesser vulnerability  of G ram -negative bacteria, which has been
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T ab le  III. G row th  in h ib it io n  areas o f G ra m -n eg a tiv e  rods and o f th e  C ory n eb a cter iu m
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E n tero b a cter ia cea e 63 V 1967 1 2 0.5 0.5 0.5 s —
117 V III 0.5 2 1 0.5 0.5 i
186 IX 1 0.5 — — — —
206 IX 0.5 1 — — — —
344 X II 0.5 1 1 0.5 — —
429 III 1968 — — 0.5 — — 0.5
455 III 2.5 1 2 1 1 —
483 III — 0.5 0.5 — — —

A e r o m o n a s  sp. 48 V 1967 1 1 1.5 S — S — s — s
sp. 60 V 2 0.5 s 0.5 s — — —
j o r m ic a n s 237 X II 1 2 2 — — —
sp. 442 III 1968 0.5 0.5 0.5 0.5 0.5 s 0.5 s
sp. 475 III 1 0.5 0.5 0.5 — s —
sp. 733 VI 0.5 s — — s 0.5 — s —

P s e u d o m o n a s  sp .  I gr. 33 IV  1967 — 1 s 0.5 S — — — s
sp . I gr . 277 X I 0.5 1 1 — s — s — s
sp .  I gr. 293 X I 0,5 1 0.5 — — —
sp. II gr. 156 V III ' 0.5 0.5 — — — —
sp. II gr. 173 VIII 1 0.5 s — — — s —
sp. II gr. 281 X I 0.5 0.5 0.5 0.5 - —
sp. II gr. 508 V 1968 2 3 8 5 — s 7
sp . II gr. 722 V II 0.5 0.5 0.5 — — —

 la c k  o f g ro w th  in h ib it io n ; s — g r o w th  s tim u la tio n .

frequently  observed, can have some ecological import. On the ground 
of sim ilar observations, S a z et al. (1963) suggested tha t Gram -negative 
bacteria might be the prim ary plan t m icroorganism s of the w ater. Such 
view seems to be corroborated by the present results. Gram -negative 
bacteria isolated from  Iława lakes w ere inhibited by some species of 
algae, but the num ber of vulnerable strains in this group was almost 
four tim es lesser than among the Gram -positive species. Also the growth 
inhibition areas of those m icroorganisms in presence of alcohol extracts 
of the studied algae were in general less extensive than w ith the Gram- 
positive bacteria. Among the G ram -negative bacteria, the greatest num 
ber of vulnerable strains was found, besides the Pseudomonas group, 
among the Enterobacteriaceae family, in which m any pathogenic spe
cies are known. A lready a few years ago the lethal influence of the 
Chlorella and Scenedesmus algae upon some of them , and upon the group 
coli and salmonellae in particu lar (including the Salmonella typhi m u 
rium) has been shown experim entally  by Soviet researchers ( L e v i n a  
1961, T e l i t ć e n k o  e ta l .  1962).

The bactericide factor in the investigated algae is supposedly chlorel-
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a n d  A rth ro b a c ter  genera  u n d er  th e  in f lu e n c e  o f a lc o h o l e x tr a c ts  o f a lg a e  (in  m m )
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P s e u d o m o n a s  sp.  I l l  gr. 309 X II  1967 — 0.5 3 1 2 2
sp. I l l  gr. 449 III 1968 1 — — — 0.5 0.5
sp.  IV gr. 188 IX  1967 0.5 0.5 — — — —

A c h r o m o b a c t e r  sp. 576 V 1968 1 1 1 1 1 1
A lc a l ig e n e s  sp. 341 X II 1967 — 1 — — 1 2
F l a v o b a c te r iu m  sp. 711 VI 1968 0.5 ,0.5 0.5 0.5 0.5 0.5
X a n th o m o n a s  sp. 377 X II 1967 0.5 — — — — 4

sp. 403 X II 0.5 — — — — —
sp. 450 X II 1 — 0.5 2 3 3

V ib r io  sp. 526 VI 1968 2 2 2 — — —
sp. 649 VI 2 2 3 — 5 3
sp. 676 VI — 0.5 — 1 1 0.5
sp. 680 VI — — 1.5 - 2 3

C o r y n e b a c t e r i u m  sp. 308 X II 1967 0.5 — — — 1 —
sp. 314 X II — 0.5 0.5 — — —
h u m i f e r u m 364 I 1968 1 2 2 — — —
r e th a i j i 374 I — — 1 — 2 3
sp. 460 III — 0.5 0.5 0.5 S — —
sp. 569 V 1 1 1 — — —
sp. 751 V II 0.5 s 0.5 S 0.5 — — —

A r t h r o b a c t e r  t u m e f a c i e n s 216 IX  1967 1 S 0.5 s 0.5 S —  s 0.5 s —  s

T h e n u m ber o f v u ln era b le  stra in s: 33 34 31 15 16 15

line, found by P  r  a 11 et al. (1944) in Chlorella vulgaris cultures. Accord
ing to S p o e h r  et al. (1949), it belongs to aliphatic acids w ith a long 
carbon chain. Besides chlorelline, another substance is pointed to, active 
in presence of light and supposedly belonging to the chlorophyllides, 
emerging as a result of saponification of the phytol group in chlorophyll 
by the chlorophylase enzyme. Such light-activated  chlorophyllides, and 
sim ilar substances, were discovered by J o r g e n s e n  (1962) in Chlorella 
vulgaris, Scenedesmus quadricauda, and Chlamydomonas reinhardi cells 
by means of chrom atography. This au thor suggested tha t chlorophylli
des play a role of a bactericide factor in surface w aters; it is possible 
that they can play such role also in the Iława lakes, as it is corroborated 
by the present laboratory experim ents, as well as by the data con
cerning the influence of living and dead algae cells of the Chlorella and 
Scenedesmus genera upon p lan t m icroorganism s of these w aters (N i e- 
w o l a k  1971). However, the bactericide role of the m entioned algae in 
lake w aters ought not to be overestim ated, as the num ber of vulnerable 
strains of bacteria has been relatively  small.

Another interesting phenom enon that has been observed, is a stim u-

http://rcin.org.pl



4 0 S. N iew olak

lating action of alcohol extracts of the investigated algae tow ards certain  
bacteria isolated from  Iława lakes w ater. An analogous observation was 
m ade by B u r k h o l d e r  et al. (1960), who worked w ith various extracts 
of sea algae Coaniaulax temarensis and Dyctyopteris plegiogramma, and 
some unidentified bacteria isolated from  sea w ater. According to D u f f  
et al. (1966) an emergence of the growth nim bus im m ediately beyond 
the inhibition area, is a result of the fact th a t in certain  algae extracts, 
there  are separate stim ulating substances besides bactericides, whose 
activ ity  can be observed at the fringes of the inhibition area. It can also 
be postulated that chlorelline or o ther sim ilar substances produced by 
algae can have a stim ulating effect, if th e ir concentration is small, 
according with A rnd t’s law ( R i p p e l - B a l d e s  1955).

5. SUM M ARY

T he resea rch  concerned  th e  in fluence  of a lcohol e x tra c ts  of algae: Chlorella  
vulgaris ,  Ch. pyrenoidosa, Ch. ell ipsoidea, S ce n ed esm u s  ohliquus, S. quadricauda, 
an d  S. acum inatus ,  upon  p la n t m icroorgan ism s of Iław a  lakes. O ut of 768 s tra in s  
of w a te r  b ac te ria  investiga ted , only 21% rev ea led  som e v u ln e ra b il ity  to  one  or 
m o re  species of th e  stu d ied  algae. A m ong th e  v u ln e ra b le  s tra in s , m ore  th a n  77% 
w ere  G ram -p o sitiv e  b a c te r ia  belonging  to  the  M icrococcus an d  B acillus genera . 
A b u lk  of v u ln e rab le  s tra in s  w ere  sens itive  to an tag o n is tic  ac tion  of one o r two 
species of algae; v u ln e ra b ility  to th re e  or m ore  species w as less freq u en t. C h lo re lla  
a lcoho l ex tra c ts  h ad  a m uch  w id e r scope of an tag o n is tic  ac tion  th a n  th e  analogous 
S cenedesm us specim ens. H ow ever, th e  la t te r  ac ted  m ore  s tro n g ly  an d  in genera l 
th e y  p roduced  la rg e r  g row th  inh ib ition  areas. V arious s tra in s  of th e  sam e b ac te ria  
species o ften  reac ted  d iffe ren tly . T here  w ere  also  d iffe rences in  th e  e x te n t of 
g ro w th  inh ib ition  a reas b e tw een  sev e ra l s tra in s  of th e  sam e b a c te r ia  species. B esides 
an tib io tic  p ropertie s, alcohol ex tra c ts  of th e  in v es tig a ted  a lgae som etim es revea led  
s t im u la tin g  action  tow ards som e s tra in s  of w a te r  b ac te ria . T h is phenom enon  was 
o bserved  w ith  respec t to bo th  th e  G ram -p o sitiv e  an d  G ram -n eg a tiv e  species.

6. STRESZC ZEN IE

B adano  w pływ  w yciągów  alkoholow ych  glonów  Chlorella vulgaris,  Ch. p y re 
noidosa, Ch. ellipsoidea, S cen edesm u s  ohliquus, S. quadricauda  i S. a cum ina tus  
n a  m ik ro flo rę  jez io r iław skich . Spośród 768 p rzeb ad an y ch  szczepów  b a k te r ii w o d 
nych  zaledw ie 21% w ykazyw ało  m n ie jszą  lub  w iększą  w rażliw ość  n a  jed en  lub 
w ięcej g a tunków  badanych  glonów . W śród szczepów  w raż liw y ch  w iększość (ponad 
77%) s tanow iły  b ak te r ie  G ram -d o d a tn ie  z rodzajów  M icrococcus i B acillus. Z nacz
n a  część w rażliw ych  szczepów  b a k te r ii pod legała  d z ia łan iu  an tag o n isty czn em u  je d 
nego, dw óch, rzadziej trzech  lub  w ięcej g a tunków  b ad an y ch  glonów . W yciągi a lk o 
ho low e C h lorelli w ykazyw ały  znacznie w iększy  zak res  dzia łan ia  an tagon istycznego  
niż analog iczne p re p a ra ty  Scenedesm us. Te o s ta tn ie  by ły  je d n a k  ba rd z ie j ak tyw ne 
i d aw ały  na  ogół w iększe s tre fy  zaham ow an ia  w zrostu . R óżne szczepy tego sam ego 
g a tu n k u  b a k te r ii częstokroć reagow ały  odm iennie. R óżnice dotyczy ły  tak że  w ie l
kości s tre f  zaham ow ania  w zrostu  poszczególnych szczepów  jednego  g a tu n k u  b a k 
te rii. O prócz w łaściw ości an tyb io tycznych  w yciąg i a lkoho low e b ad an y ch  glonów  
w y k azy w ały  n ie jed n o k ro tn ie  dz ia łan ie  s ty m u lacy jn e  w obec n iek tó ry ch  szczepów  
b a k te r ii  w odnych. Z jaw isko  to  w ystępow ało  zarów no  u  b a k te r ii G ram -d o d a tn ich  
ja k  i g a tunków  G ram -u jem n y ch .
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A B ST R A C T

F o u r d if fe re n t w ays of b eh av io u r of m icroo rgan ism s have  been  found, in  
p resen ce  of liv ing  and dead cells of Chlorella vulgaris  and  of Scen edesm u s  obli-  
quus:  l . dying of m icroorgan ism s in liv in g  an d  dead cu ltu res  of a lgae — M icro
coccus u re a e ; 2. dying of m icroo rgan ism s in liv ing  cu ltu re s  of algae, an d  develop
m e n t in  k illed  cu ltu res — Bacillus m yco ides ,  Escherichia coli, V ibrio  sp.] 3. dying 
of m icroo rgan ism s in liv ing  and  dead  cu ltu re s  of a lgae in th e  in itia l period  of jo in t 
c u ltiv a tio n , and  developm ent in th e  la te r  period  — A zotobac ter  sp., P seudom onas  
f luorescens , Rhodotorula  sp.] 4. in ten s iv e  deve lopm en t of m icroorgan ism s in k illed  
cu ltu re s  of algae, and  dying in liv ing  c u ltu re s  in th e  in itia l p e riod  of jo in t cu ltiv a 
tion , fo llow ed  by  developm ent in th e  la te r  p eriod  — A erom onas sp.

C O N TEN TS

1. In tro d u c tio n
2. M ate ria l and  m ethod
3. R esults
4. D iscussion

1. IN T R O D U C TIO N

R esearchers  have  been long concerned  w ith  m u tu a l re la tio n sh ip s betw een  
p h y to p lan k to n  and  m icroorgan ism s. T h e re  is a w id esp read  opinion th a t secre tions 
of liv in g  p lan k to n  can be used by m icroo rgan ism s (R e i n c k e 1903 a, b, R o b e r  g 
1930, A l e e v  1934, A l e e v  a nd  M u d r e c o v a  1937, G o r j u n o v a  1954, L  e- 
f e v  r  e and  F  a r  r  u g i a 1958). O th e r re sea rch e rs , how ever, like  M a r s h a l l  
a n d  O r r  (1930) and  S t o k e s  (1940) a re  no t su re  if p h y to p lan k to n  does a t all 
s e c re te  o rganic substances in su ffic ien t am oun t. In ten siv e  developm en t of b ac te ria  
in p resence  of algae is like ly  to  be accoun ted  fo r by  dying of th e  la t te r  and  th e  
co n sequen t en rich m en t of th e  en v iro n m en t w ith  easily  assim ilab le  organ ic  su b 
s tan ces  (W a k s m  a n and  H o t c h k i s s  1937, S t e e m a n - N i e l s e n  1955, 
L  a n s k a j a and  M a r k i a n o w i ć  1960). H ow ever, va rio u s algae show  b a c te r i
c idal p ropertie s . A ccording to R a z u m o v  (1948), th e  deve lopm en t of sap ro p h y tic  
b a c te r ia  is o ften  in h ib ited  in  w a te r  in p resen ce  of liv ing  cells of th e  algae C y a n n -  
phyceae . S t e e m a n - N i e l s e n  (1955) rep o r ts  th a t  in lan d  species of C h lo re lla  
an d  sea  species of T h a lass io sira  p ro d u ce  in lig h t an tib io tics , in h ib itin g  th e  develop
m e n t of bacte ria . T he le th a l in fluence  of C h lo re lla  an d  S cenedesm us upon b ac te ria

5. S um m ary
6. S treszczen ie
7. R eferences
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b elong ing  to th e  coli an d  sa lm onella  g roups w as show n by L e v i n a  (1961), T e - 
l i t ć e n k o  e t al. (1962), S t e b l y u k  (1968) and  P o s t o l i c a  (1968). B ac te ric ida l 
s tra in s  also ap p ea r am ong  som e of th e  D iatom ae, C yanophyceae, C hlo rophyceae  
an d  T ha llo p h y ta  liv ing  in  sea ( S i e b u r t h  1959, 1960, 1964 a, b, B u r k h o l d e r  
e t al. 1960). To som e of these  algae, an d  to  th e  S ke le to n em a  co s ta tum  in  p a rtic u la r , 
ev en  sa n ita ry  sign ificance  is ascribed  ( S i e b u r t h  a nd  P r a t t  1962). A s im ila r 
ro le  in  sew age technology  can be p e rfo rm ed  by A nabaena  variabilis, Scened esm us  
quadricauda,  an d  Navicu la  radiosa, w h ich  have  b ac te ric id a l in fluence  upon  th e  
tu b e rc u la r  bacilla  ( A l e k s e e v a  e t al. 1969).

T hough ex ten s iv e  d a ta  have  been  co llected  ab o u t th e  m u tu a l re la tio n sh ip s  b e 
tw een  algae an d  b ac te ria , som e issues s till rem ain  open; am ong them  th e  prob lem  
of n u tr it io n  of b ac te ria  on su rv iv a l secre tions of algae is p a rt ic u la r ly  im p o rtan t.

In  th is w ork, th e  in fluence  of liv ing  and  dead  cells of Chlorella  vulgaris  and 
of Scened esm us  obliquus  upon  som e species of sap ro p h y tic  b ac te ria  an d  yeast 
iso la ted  from  lak e  w a te r w as in ves tiga ted .

2. M A T ER IA L  AND M ETHO D

A l g a e .  T here  w ere  used  th e  a lgae Chlorella vulgaris  B e ije rin ck  an d  S c e n e 
d esm u s  obliquus  (T urp .) K rü g e r from  th e  P r a t t  co llection  in  P rag u e , rece ived  
f ro m  th e  D ep artm en t of B o tany  H igher School of A g ricu ltu re  in  L ub lin . T he algae 
w e re  cu ltiv a ted  a t 25°C in  s tead y  bu lb  lig h t (4000 L ux) in  E rlen m ay e r flask s con
ta in in g  a p ro p e r m in e ra l m edium , th ro u g h  w hich  s te riliz ed  a ir  w ith  C 0 2 w as 
pum ped .

F o r th e  Chlorella vulgaris  cu ltu re , th e  fo llow ing  m in e ra l m ed ium  w as used 
(a f te r  M a t u s i a k  et al. 1965): K N 0 3 — 1.0 g; K H 2P 0 4 — 0.135 g; M g S 0 4 • 7H20  —
0.5 g; F e S 0 4 * 7H20  — 0.003 g; n a tr iu m  c itra te  — 0.0057 g; so lu tion  of m icroelem en ts 
( H 3 B O 3  — 2.137 g; M nC l2 • 4H20  — 1.810 g; Z n S 0 4 -7H20  — 0.220 g; (N H 4)2M o 0 4 — 0.002 g; 
C u S 0 4 .5 H 20  — 0.07 g; C o(N 03)2 *6H20  — 0.08 g; N H 4Vo3 — 0.01 g; d is tilled  w a te r  — 
1000 m l) — 1 m l; d is tilled  w a te r  — 1000 m l; pH  6.8 — 6.9.

Scen edesm u s  obliquus  w as cu ltiv a ted  accord ing  to  M e f f e r t  (1960), on the  
fo llow ing  m ed ium : (N H 4)2H P 0 4 — 0.272 g; M g S 0 4 • 7H20  — 0.18 g; K H 2P 0 4 — 0.14 g; 
m ic roe lem en ts  accord ing  to A rnon  (K r  a u s s 1953), fe r ru m  accord ing  w ith  R h o 
d e  (1948), d is tilled  w a te r  — 1000 m l; pH  6.8.

B a c t e r i a .  7 s tra in s  of b ac te ria  w ere  used : Micrococcus ureae  No. 385, 
A ero m o n a s  sp. No. 422, P seudom onas f luorescens  No. 293, Escherichia coli  No. 63, 
Bacil lus  m yco ides  No. 528, Vibrio  sp. No. 530, Azo tobac ter  sp. No. 925, and  one 
s tra in  of yeast R hodotoru la  sp. No. 828. T hese s tra in s  w ere  iso la ted  from  Iław a 
lak es  w a te r  in 1967-1968 ( N i e w o l a k  1970) and  sam p led  random ly . A ll b ac te ria  
ex cep t th e  A zo tobacter w ere  cu ltiv a ted  on  b ro th  agar, an d  th e  A zo tobacter w as 
c u ltiv a te d  on F iodorov  m ed ium  w ith  m a n n it; th e  yeast w as fed  on m a lt agar.

E x p e r i m e n t .  Y oung, 14 days old cu ltu res  of a lgae w ere  d iv ided  in to  
2 p a rts . O ne of them  w as in o cu la ted  im m ed ia te ly  on 1 m l of b a c te r ia  suspension , 
w h ile  th e  o th e r had  been  fo rm erly  k illed  in  an au toclave  d u ring  10 m in  a t 0.8 atm , 
a t room  tem p e ra tu re . T he b ac te ria  su spension  fo r inocu la tion  w as p re p a re d  by 
w ash in g  24 h r b ac te ria  cu ltu res  and  a 48 h r  y ea s t c u ltu re  on s la n t ag ar w ith  3 m l 
of physio log ical sa lt, and  by d isso lu ting  th em  in th e  1/10 ra tio . A fte r inocu lation , 
th e  cu ltu re s  w ere  k ep t a t 25°C, and  th e  n u m b er of cells of th e  in v es tig a ted  b ac te ria  
w as counted  (by th e  cu ltiv a tio n  m ethod) a f te r  2, 4, 6, 8, 10, 12, 24, 48 and  96 hr.

3. R ESU L TS

Four different ways of behaviour of the investigated bacteria in 
presence of the living and dead cells of Chlorella vulgaris and Scene
desmus obliquus were found, they are represented in Fig. 1-8.

1. Dying of bacteria in both the living and dead cultures of algae 
(Fig. 1). The process of dying of bacterial cells of Micrococcus ureae
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began im m ediately after they had been introduced into living and dead 
cultures of Chlorella vulgaris and Scenedesmus ohliquus. A fter 24 h r 
the  curve of dying had an alm ost logarythm ic shape. L ater the process 
of cells dying was inhibited, probably because of an adaptation to the 
changed environm ent. Differences were observed in the ra te  of dying 
of bacteria, related to the species and physiological state of the algae. 
Micrococcus ureae died more quickly in living and dead cultures of 
Chlorella vulgaris and slower in cu ltures of Scenedesmus ohliquus.

2. Dying of bacteria in living cultures of algae, and developm ent of 
bacteria in autoclave-killed algae cultures (Bacillus mycoides, Escheri
chia coli, Vibrio sp. — Fig. 2-4). In living algae, intensive dying of 
bacteria was observed, while in killed algae cultures, a fter two hours 
during which a part of cells died, an increase of bacteria populations 
occurred. Both processes (dying and developm ent of Bacillus mycoides) 
w ere particu larly  intensive during the first 24 hr. Intensiveness of dying 
of bacteria in living cultures of Chlorella vulgaris and of Scenedesmus 
ohliquus was almost identical. In dead cultures, B. mycoides developed 
better on Scenedesmus ohliquus rem m ants. Sim ilar results were ob
tained for Escherichia coli (Fig. 3) and Vibrio sp. (Fig. 4). Dying of

Incubation time (hr)

Fig. l. S u rv iv a l of M. ureae  in a lgal cu ltu res . A — su rv iv a l of b ac te ria  in liv ing  
cu ltu res  of Ch. v u lg a r is ; B — su rv iv a l of b a c te r ia  in k illed  c u ltu re s  of Ch. vulgaris;  
C — su rv iv a l of b ac te ria  in liv ing  c u ltu re s  of S. ohliquus;  D — su rv iv a l of b ac te ria

in k illed  cu ltu res  of S', ohliquus
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Fig. 2. S u rv iv a l of B. m yco ides  in  a lgal cu ltu res . D eno ta tions as in Fig. 1

bacteria cells in living cultures of Chlorella vulgaris and Scenedesmus 
obliquus was very slow during the research period. In experim ents 
w ith dead algae, bacteria developed more quickly on Chlorella in the 
initial phase, while after 24 h r greater increase was found in the Sce
nedesmus obliquus culture.

3. Dying of bacteria in living and dead algae cultures during the 
initial hours of joint cultivating, and more or less intensive develop
m ent in the later period (Azotobacter sp., Pseudomonas jluorescens, 
Rhodotorula sp. — Fig. 5-7).

In case of Azotobacter (Fig. 5), after a sudden decrease of the num 
ber of bacteria during the initial two hours, their mass developm ent 
was observed in both versions of the experim ent. However, it was the 
killed cultures in which Azotobacter developed more intensively, and 
Chlorella vulgaris was a better source of food than Scenedesmus obli
quus. The Rhodotorula yeast behaved sim ilarly (Fig. 6). Dying of yeast 
cells continued up to 12 hr, followed by a sudden grow th of their num 
ber. Yeast developed better in both the living and dead Chlorella cul
tures, than in Scenedesmus.

4. Intensive developm ent of bacteria in autoclave-killed algae cul-
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Fig. 3. S u rv iv a l of E. coli in  a lgal cu ltu res . D eno ta tions as in Fig. 1

Fig. 4. Survival of Vibrio sp. in algal cultures. Denotations as in Fig. 1
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Fig. 5. S u rv iv a l of A zotobac ter  sp. in a lgal cu ltu res . D eno ta tions as in  Fig. 1

Fig. 6. Survival of R hodotoru la  sp. in algal cultures. Denotations as in Fig. 1
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Fig. 7. S u rv iv a l of P. f luorescens  in a lgal cu ltu res . D eno ta tions as in  Fig. 1

4 — P o lsk ie  A rch iw u m  H y d rob io log ii

Fig. 8. Survival of A erom onas sp. in algal cultures. Denotations as in Fig. 1
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tures, and dying in living cultures of algae in the initial period of joint 
cultivating, followed by an increase of the bacteria populations in the 
later phase (Aeromonas sp. — Fig. 8). The reaction of Pseudomonas 
jluorescens and of Aeromonas sp. was interesting. The form er (Fig. 7) 
revealed mass dying during the first 6-10 hr of joint cultivation, and 
after this period a significant increase of the num ber of cells occurred. 
An analoguous phenomenon was observed in presence of dead Chlorella 
vulgaris. In presence of dead cells of Scenedesmus ohliquus, an ex
plosive increase of the num ber of bacteria occurred during a sim ilar 
period. Also a large part of Aeromonas cells (Fig. 8) died during 8 to 
12 h r in living algae cultures, and then a rapid increase of their quantity  
occurred. In killed algae, already after the initial two hours after ino
culation the am ount of Aeromonas was more than doubled. High rate 
of bacteria growth was m aintained during the first 24 hr, a fter which 
it was significantly slowed down, probably because of an exhaustion of 
nu tritious elements, or because of an accum ulation of noxious products 
of metabolism.

4. D ISC U SSIO N

The main factor responsible for the growth of heterotrophic plant 
m icroorganisms is the presence of organic m atter, and the main source 
of the la tte r in w ater is phytoplankton. It rem ains an open problem, in 
which phase of developm ent of phytoplankton does organic m atter be
come available for bacteria. It has been experim entally proved in inve
stigations on the influence of living and dead algae of the Chlorella and 
Scenedesmus genera upon a num ber of species of bacteria and yeast 
that some of them, particu larly  Azotobacter and yeast, can develop in 
presence of living cells of these algae. This may be either a result of 
symbiosis m entioned by K o s s o w i ć  (1896) and by R e i n c k e  (1903 a, 
b), or of a selective utilization by bacteria of survival secretions of 
phytoplankton. The la tte r view is shared by a num ber of authors, and 
some of them, like P i i t t e r  (1926), even m aintain tha t certain  sub
stances secreted by phytoplankton are the main source of food for 
heterotrophic bacteria in the euphotic layer of w ater reservoirs. How
ever, S t o k e s  (1940) found tha t in young and strongly developing 
cultures of Chlorophyceae isolated from  soil, Azotohacter chroococcum 
did not grow any more intensively, unless glucose had been added to 
the medium. In consequence, he suggested tha t these algae did not 
secrete enough organic m atter, or else such m atter m ight be useless 
for Azotobacter.

However, particularly  favourable conditions for bacterial growth
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occur after dying of phytoplankton. In dead, autoclave-killed cultures 
of Chlorella vulgaris and Scenedesmus ohliquus, all the investigated 
species of bacteria except the Micrococcus ureae developed more or less 
intensively. Similar observations have been made long ago w ith Azoto
bacter. B e n e c k e and K e u t n e r (1903) believed th a t the dying cells 
of phytoplankton were perfect food supply for Azotobacter living in sea 
waters. K e u t n e r  (1905) proved th a t Azotobacter chroococcum could 
be found m ainly on phytoplankton rem nants, where the conditions of 
developm ent were excellent for it because of food abundance. The re
lationship between the developm ent of bacteria and phytoplankton was 
also confirmed by B u t t e r f i e l d  and P u r d y  (1931), W a k s m a n  
et al. (1933), C o l l i n s  (1957), M a n u j l o v a  (1959), and by others. 
According to these authors, intensive developm ent of phytoplankton is 
connected w ith an inhibition of the grow th of bacteria, while its mass 
dying after the blooms is favourable to the developm ent of bacterial 
populations because of an increase of organic m atter concentration.

In living cultures of Chlorella vulgaris and Scenedesmus ohliquus, 
the species Micrococcus ureae, Escherichia coli, Bacillus mycoides  and 
Vibrio sp. revealed very rapid dying, probably because bactericidal sub
stances of the chlorelline type, or chlorophyll derivates, were secreted 
to the medium ( P r a t t  et al. 1944, S t e e m a n - N i e l s e n  1955, 
L e v i n a  1961, T e l i t ć e n k o  e t a l .  1962, S i e b u r t h  1964 a, b) 
During the first 24 h r of jo in t cultivation with the algae, the process 
occurred with logarythm ic acceleration in case of Micrococcus ureae and 
Escherichia coli. Later, the rate  of cell dying of all the vulnerable bac
teria was much slowed down, so that a fter 96 h r their survival was still 
a few per cent.

Investigating the influence of Chlorella vulgaris, Scenedesmus qua
dricauda, and Ankistrodesmus anquistus, upon microorganisms, S t e- 
b l y u k  (1968) found tha t Escherichia coli was more resistant to the 
action of antibiotic substances of these algae than Salmonella typhi m u 
rium, S. enteritidis gärtneri and S. cholerae suis. The la tte r were almost 
completely killed after 24 h r of joint cultivation w ith the m entioned 
algae, while the growth of E. coli was less inhibited. In other algae cul
tures, particularly  in Stratonostoc linckia (Roth) Elenek, Polyporthrix  
tenuis (Ktitz.), Phormidan uncinatum  (ag.) Gomm., the E. coli was com
pletely killed only after 7 to 17 days, and Salmonella typhi, Shigella 
sonnei, Proteus vulgaris and Staphylococcus aureus revealed lesser re
sistance ( P o s t o l i c a  1968).

In presented studies more resistance to bactericidal action of sub
stances secreted to the medium by cultures of Chlorella vulgaris and 
Scenedesmus ohliquus was shown by Pseudomonas fluorescens, Aero-
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monas sp., Rhodotorula sp. and Azotohacter sp. The th ree first m en
tioned species began to die on mass scale during the initial period of 
joint cultivation w ith the algae, but after a few hours of adaptation to 
the peculiar environm ental conditions they started  to develop more or 
less intensively, and a significant increase of the num ber of cells could 
be soon observed. The process of adaptation took only two hours in case 
of Azotobacter, after v/hich the am ount of these bacteria has been in
creasing logarythm ically. It is possible th a t the Azotohacter sp., and 
some other species of the investigated bacteria, produce some peculiar 
enzymes, able to make up for the noxious activity of the algae m eta
bolism products.

The results here obtained prove th a t the m utual relationships be
tween algae and bacteria are  very complex and diversified. They depend 
in large m easure upon the kinds of in teracting organisms.

5. SUM M ARY
%

T he study  concerned  th e  in fluence  of liv ing  an d  dead cells of Chlorella  v u l 
garis and  of Scen edesm u s  obliquus  upon som e species of sap ro p h y tic  bac te ria  
(Micrococcus ureae, A ero m o na s  sp., P seudom onas fluorescens , Escherichia coli, B a 
cillus m ycoides,  V ibrio  sp., Azo tobac ter  sp. and  th e  R hodotoru la  sp. yeast), sam pled  
random ly  from  am ong a few  h u n d red s  species iso la ted  from  Iław a  lakes w a te r.

F o u r d iffe ren t w ays of b eh av io u r of m icroorgan ism s have been  found , in p re 
sence of liv ing  and  dead  cells of Chlorella vulgaris  and  of S cen ed esm u s  o b l iq u u s :
1. dying of m icroorgan ism s in liv ing  an d  dead  cu ltu res  of a lgae (Micrococcus  
ureae)-, 2 . dying of m icroo rgan ism s in liv ing  cu ltu re s  of algae, an d  d eve lopm en t in 
k illed  cu ltu res  (Bacillus m ycoides ,  Escherichia coli, V ibrio  sp.)] 3. dying of m icro 
o rgan ism s in liv ing  and  dead cu ltu re s  of a lgae in th e  in itia l period  of jo in t cu lti
va tion , and  deve lopm en t in th e  la te r  period  (A zo tobacter  sp., P seudom onas f luore-  
scens, Rhodotoru la  sp.)] 4. in ten siv e  deve lopm en t of m icroorgan ism s in k illed  cu l
tu res  of algae, an d  dying in liv ing  cu ltu res  in th e  in itia l period  of jo in t cu ltiv a 
tion, fo llow ed  by deve lopm en t in the  la te r  perio d  (A erom onas sp.).

6. ST R ESZC ZEN IE

B adano  w pływ  żyw ych i m artw y ch  kom órek  Chlorella vulgaris  i Scenedesm us  
obliquus  n a  n iek tó re  g a tu n k i b a k te r ii sap ro fitycznych : Micrococcus ureae, A e ro 
m onas sp., P seudom onas fluorescens , Escherichia coli, Bacillus m ycoides ,  V ibr io  sp., 
A zotobacter  sp. i drożdże R hodotoru la  sp., w y b ran e  losowo spośród  k ilk u se t szcze
pów  w yodrębn ionych  z w ody jez io r iław skich . S tw ierdzono  4 różne sposoby zacho
w an ia  się badanych  d ro b n o u stro jó w  w  obecności żyw ych i m a rtw y ch  kom órek  
Chlorella vulgaris  i S cen ed esm us  o b l iq uu s: 1. o b u m ieran ie  d ro b n o u s tro jó w  w  ży
w ych i m artw y ch  hodow lach  badanych  glonów  (Micrococcus ureae)] 2. o b u m ie ra 
n ie d robno u stro jó w  w  żyw ych hodow lach  glonów  oraz in ten sy w n y  rozw ój w  ho
dow lach zab itych  (Bacillus m ycoides ,  Escherichia coli i Vibrio  sp.)] 3. o b u m ie ra 
nie d ro b noustro jów  w  żyw ych i m artw y ch  hodow lach  glonów  w  początkow ym  
okresie  w spólnej hodow li o raz rozw ój w późniejszym  okresie  (Azo tobacter  sp., 
P seudom onas fluorescens, R hodotoru la  sp.)] 4. in ten sy w n y  rozw ój d ro b noustro jów  
w hodow lach  glonów  zab itych  i o b um ieran ie  w  żyw ych, w początkow ym  okresie 
w spólnej hodow li o raz w zrost liczebności w  okres ie  późn iejszym  (A erom onas sp.).
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A B STR A C T

T he in v estig a tio n  of species com position  of o rgan ism s in tw o biological d itches 
p u rify in g  d a iry  sew age w ere  done. T he in v es tig a tio n s concerned  the  sew age in flow  
an d  ou tflow , ac tiv a ted  sludge and  p e rip h y to n . T he ac tiv a ted  sludge w as s tu d ied  
m ore  tho rough ly . On th e  basis of th e  o rgan ism s com m unity  an d  m orpho log ica l 
fea tu re s  th e  ac tiv a ted  sludge from  B ochn ia  w as e v a lu a ted  as a good one, b u t th e  
one from  G arw olin  w as found  to  be overloaded . Good sed im en t had  th e  sap ro b ity  
of th e  o rd e r  of am . Sessile  P ro tozoa  — Vorticella  convallaria  w ere  ab u n d an t, f re e -  
sw im m ing  an d  craw ling  P ro tozoa w ere  n o t so num erous. T he overloaded  sed im en t 
h ad  the  sap ro b ity  of p -am . T he filam en to u s  fung i of the  genus M ucor, and  a lso  
F lag e lla ta  w ere  v ery  num erous th e re . T h e re fo re  th e  possib ility  of app ly ing  ce rta in  
b io log ical ind ica to rs  w as suggested  fo r ev a lu a tio n  of th e  q u a lity  of bo th  m u n ic ip a l 
and  dairy  sew age.

C O N TEN TS

1. In tro d u c tio n
2. M ate ria l and m ethods
3. R esu lts
4. D iscussion

1. IN TR O D U C TIO N

The b io logical d itches, called  also  c ircu la tio n  d itches a re  u sed  fo r th e  sew age- 
t re a tm e n t from  sm all se ttlem en ts , and  in d u s tr ia l w aste s  from  sm all in d u s tria l and  
d a iry  p lan ts.

The decom position  of o rgan ic  su b s tan ces to m in e ra l sa lts  tak es p lace in th e  
d itches w ith  th e  help  of a c tiv a ted  sludge com posed of ye llo w -b ro w n  flocks w ith  
th e  d iam ete r of severa l m m . T hese flocks a re  fo rm ed  of th e  group ings of zoogleal 
b ac te ria , v arious species of P ro tozoa, R o ta to ria , and  B ac illa rio p h y ta , C y anophy ta  
an d  C h lo rophy ta  w h ich  se ttle  on them . T he ac tiv a ted  sludge appears  au to m atica lly  
a f te r  few  days of d itch ’s usage. I t is assum ed , th a t  suspensions and  colloids from  
sew age a re  adso rbed  an d  coagu la ted  on th e  su rface  of flocks, and  consequen tly  they

5. S um m ary
6. S treszczen ie
7. R eferences

* P re se n t add ress: In lan d  F ish e rie s  In s titu te , Ż abien iec n ea r W arsaw , P.O. P ia 
seczno, P o land .
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a re  su b m itted  to the  ac tiv ity  of m icroorgan ism s (S 1 a d e ö e k 1958, B o l o t i n a  
1960, P a s  v e e r  1961).

T he da iry  sew age is ch a rac te rized  by considerab le  changes in  th e  a m o u n t of 
w as te  load. P hysico -chem ica l inves tiga tions are  no t ad eq u a te  fo r th e  co n tro l of 
p la n t w ork , as they  a llow  only to  e s tim a te  th e  s ta te  of sew age a t th e  m om en t of 
sam pling . This is o ften  no t ch a rac te ris tic  fo r th e  inves tig a ted  en v iro n m en t, an d  it 
m ay  even lead  to w rong  conclusions. T he bio logical inves tiga tions, on th e  basis of 
in d irec t concluding, a llow  to  ch a rac te rize  th e  en v ironm en t. T he com position  of 
biocenosis com m unities p rov ides in fo rm atio n  not only on th e  en v iro n m en ta l co n d i
tions a t th e  m om ent of sam pling , b u t also on th e  conditions d u rin g  th e  perio d  
of e stab lish ing  of th is specific  biocenosis.

T he aim  of th e  p ap e r w as to s tu d y  th e  species com position  of o rgan ism s in  the  
in v es tig a ted  d itches, to d e te rm in e  th e  sap ro b ity  of a c tiv a ted  s ludge  an d  to  v a lu e  
th e  effectiveness of sew a g e -tre a tm e n t on th e  basis of b io logical in d ica to rs  consi
d e rin g  th e ir  u sefu llness fo r da iry  sew age. T he physico -chem ical ind ica to rs  w ere  
also  s tud ied  fo r com parison  w ith  the  bio logical evalua tion .

2. M A T ER IA L  AND M ETHO DS

A . TECH NO LO G ICAL C H A R A C TER ISTIC S OF ST U D IE D  P L A N T S

T he in v es tig a ted  b io logical d itches w ere  b u ilt accord ing  to th e  p ro jec t of C ze
slaw  Z abierzew ski, a civil eng inee r from  B iu ro  P ro jek to w o -K o n s tru k cy jn e  C e n tra l
nego  Z w iązku  S półdzieln i M leczarsk ich  in W arsaw . T hese s e w a g e -tre a tm e n t p lan ts  
a re  in th e  D airy  C o-opera tives in G arw o lin  in  W arsaw  prov ince  an d  in B ochn ia  
in  C racow  province. In  bo th  p laces th e  sam e p ro ced u re  of s e w a g e -tre a tm e n t w as 
ap p lied  d u ring  th e  investiga tions. T he n e tw o rk  of channels leads th e  sew age to  th e  
ch am b er w ith  bars , w h e re  on th e  stee l rods la rg e r  li t te r  is stopped . A fte r th e  p re 
lim in a ry  c lean ing  th e  sew age in flow ed  to  th e  c ircu la tio n  ditch.

In  bo th  in v es tig a ted  p lan ts  the  d itches w ere  w ork ing  w ith  som e in te rv a ls , as 
th e  so -ca lled  accu m u la tiv e  d itch . T he w ork  cycle of such  accum u la tiv e  d itch  is as 
fo llow s; th e  sew age in flow  to  th e  d itch  takes p lace as th e  sew age ou tflow s from  
th e  p lan t. T he inves tiga tions show  th a t th e  am oun t of sew age inflow , and  th e  con
cen tra tio n  of o rgan ic  substances a re  d iffe ren tia ted  d u rin g  a day. I t  w as found , th a t  
th e  la rg e s t am oun ts of sew age and  la rg e s t loads of co n tam in a tio n  flow  in to  th e  
d itch  in th e  period  b e tw een  11 a.m . and  4 p.m. T he sew age in flow  causes a g ra d u a l 
fillin g  of th e  d itch  u n til th e  p red ic ted  m ax im a l level of filling . In  the  d itch  the  
sew age is s t ir re d  w ith  th e  help  of K essen e r’s b ru sh es (cage ro lle rs  m ade fro m  stee l 
f la t bars) ru n  by e lec tric  m otors. T he b ru sh es cause also the  ae ra tio n  of su spension  
of sew age and  ac tiv a ted  s ludge  and  th ey  m ove it, th u s  causing  th e  c ircu la tio n . T he 
ra te  of flow  shou ld  exceed  0.3 m /sec, to  p rev en t th e  sed im en ta tio n  of a c tiv a te d  
sludge on th e  bo ttom  of th e  d itch . E arly  in th e  m orn ing , befo re  th e  p la n t s ta r ts  
to  w ork , th e  b ru shes a re  stopped  fo r 1 h r. D uring  th is h o u r th e  ac tiv a ted  sludge 
se ttle s  at th e  bo ttom  th u s c lean ing  of th e  u p p er lay e r of sew age. T hen  th e  ou tflow  
lead in g  to th e  rece iv er is opened. E ach tim e abou t Vs of th e  to ta l d itch  cap ac ity  
is rem oved , and  th e  w hole cycle s ta r ts  again .

T he c ircu la tion  d itch  in B ochnia  can be ch a rac te rized  by: to ta l len g th  — 125 m, 
trap ezo id  shape  w ith  th e  base abou t 2 m, and  th e  slope of th e  b anks 1:1, th e  used  
capac ity  280 m 3, m ax im a l h e igh t of fillin g  — 0.8 m, 2 ae ra tin g  b ru shes, th e  s to p 
page of sew age in the  d itch  d u rin g  th e  inves tiga tions w as abou t 4 days an d  th e  
v o lu m etr ic  load  — abou t 180 g /m 3. D iagram  of th e  B ochnia d itch  is show n in  Fig. 1.

T he c ircu la tion  d itch  in G arw o lin  can be ch a rac te rized  by: th e  to ta l le n g th  — 
310 m, th e  w id th  — 3.10 m, u sed  capac ity  — 1060 m 3, m ax im a l h e igh t of fillin g  —
0.85 m, 3 ae ra tin g  b ru shes, perio d  of sew age stoppage in  th e  d itch  — 3 days, and 
th e  vo lum etric  load  — 312 g /m 3. T he d iag ram  of th e  d itch  in  G arw o lin  is show n 
in Fig. 2.

B. BIO L O G IC A L M ETHOD OF ST U D IE S

T he sam e m ethod  w as ap p lied  fo r bo th  d itches. T he sam ples w ere  co llected  
fro m  th e  fo llow ing places:
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Fig. 1. T he d iag ram  of b io logical d itch  in  B ochnia. 1 — p la tfo rm ; 2 — cage type  
b ru sh ; 3 — b rick  gu ide  L  =  2.00 m

Fig. 2. T he d iag ram  of b io logical d itch  in G arw olin . 1 — biological d itch ; 2 — catch  
basin ; 3 — sew age p u m p s; 4 — Im h o ff’s s e ttle r ; 5 — re se rv e  tan k ; 6 — secondary  
se ttle r; 7 — d is tr ib u to r ; 8 — flow  co llector; 9 — a e ra tin g  b ru sh  No. 1; 10 — a e ra tin g  

b ru sh  No. 2; 11 — a e ra tin g  b ru sh  No. 3

1. In flow  of sew age — from  the  co llector loca ted  b eh in d  th e  pum ps, d u rin g  the  
inflow  to  the  d itch ;

2. A ctiva ted  sludge — beh in d  th e  b ru sh  loca ted  n ea r th e  in flow ;
3. O u tflow  — from  th e  co llector a t th e  ou tflow ;
4. P e rip h y to n  — fro m  v arious p laces in th e  ditch.
T he free  sw im m ing  b ac te ria  w ere  coun ted  u n d e r th e  m icroscope on slides, b u t 

P ro tozoa  and  o th e r o rgan ism s in  a m od ified  S ed g w ick -R afte r b io logical ch am b e r 
of a capacity  0.5 m l.

In  th e  inv es tig a tio n s th e  e s tim a tiv e  an d  q u a n tita t iv e  m ethods w ere  applied . 
This f i r s t  m ethod , u sed  fo r th e  in v estiga tions of th e  ac tiv a ted  sludge (not con
densed) w as based  on th e  fo u r steps scale:
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O ccurrence  freq u en cy  N um ber of b ac te ria  N um ber of o rgan ism s D enotation
in 1 fie ld  of v ision  in cham ber

S porad ic  organ ism s 1-5 1-5 +
N ot num erous organ ism s 5-20 5-20 +  +
N um erous organism s 20-100 20-100 +  +  +
V ery num erous organ ism s > 1 0 0  > 1 0 0  +  +  +  +

T he q u an tita tiv e ly  in v es tig a ted  sed im en t w as co n cen tra ted  by ha lf an  hour 
sed im en ta tion , th en  decan ted  and  d ilu ted  w ith  the  so lu tion  ta k e n  fro m  above th e  
sed im en t in a ra tio  1:1. A ll re su lts  w ere  exp ressed  p e r 1 m l of th e  sam ple. (The 
B ac te rio p h y ta  and C yanophy ta  w ere  not analysed  q u a n tita tiv e ly . T his w as because 
of th e  possib ility  of a considerab le  e rro r  caused by sm all size of b ac te ria  and  th e  
fac t th a t C hroococcus w as inc luded  in th e  flocks, w h a t obscu red  th e  m icroscopic 
observation . T hus only th e  estim a tiv e  re su lts  a re  p resen ted).

T he species com position  and  the frequency  of o ccu rrence  of p e rip h y to n  o rga
nism s w as d e te rm in ed  by an e stim ativ e  m ethod.

T he sap rob ity  of o rgan ism s is g iven  accord ing  to L i e b m a n n ’ s (1962) system , 
and of th e  o rgan ism s not inc luded  th e re  accord ing  to K o l k w i t z  (1950) an d  H a- 
n u s k a (1956).

3. RESU LTS

A . B IO LO G IC A L  R E SU LT S

Because of the basic different in the composition of biocenoses of both 
ditches, and of different evaluation of their work, the results are pre
sented separately for each ditch.

The investigation of the biological ditch in Bochnia w ere carried out 
on the 8th of December 1964. The introductory observation showed that 
the inflow stream  was lightly coloured, very turbid, and it produced 
intense acid smell. At the place of the inflow the sewage was stirred  by 
the brush, and it mixed evenly with the activated sludge in the ditch 
w ithout producing visible streams. The activated sludge was of a yellow- 
-brow n colour, characteristic for a good sediment, and it contained small, 
easily settling flocks. The residual sediment was not found on the bottom. 
Small amounts of yellow-brown periphyton overgrowings were deve
loping on the concrete slopes. The outflow w ater looked clean, and was 
as transparent as the clean w ater. This allowed to presum e that the ditch 
works well.

The microscopic investigations of the inflowing sewage showed the 
presence of large am ounts of free-living bacteria (Table I).

While analysing the activated sludge it was found, tha t the flocks

T ab le  I. T he sew age in flow

D itch
E stim a tiv e  No. 

of B ac te r io p h y ta  
in  1 m l

B ochnia
G arw olin

+  +  +  +  
+  +  +
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were composed of groupings of bacteria, colloids and other substances, 
and also of large am ounts of colonies of Cyanophyta from  the genus

T ab le  II. T he ac tiv a ted  sludge

B io log ica l d itch  in B ochnia

E stim a tiv e N u m b er in  1 m l
O rganism s S ap ro b ity n u m b er in  1 m l of co n cen tra ted

of sed im en t sed im en t

B a c t e r i o p h y t a
B a cter iophy ta  non det. +  +  +  +

C y a n o p h y t a
Chroococcus sp. +  +  +  +
Oscillatoria formosa a m + 200

B a c i l l a r i o p h y t a
N itzschia  palea a m +  +  +  + 3780

P r o t o z o a
C ilia ta

Aspidisca  costata ßm +  + 870
Chilodonella  uncinata am +  + 580
C ine toch ilum  m argari taceum 0 -p +  +  +  + 2330
H e m io p h rys  agilis +  +  + 870
Holosticha brevis + 290
L iono tus  sp. +  +  + 1160
M etop u s  palaeformis

f. a ttenua ta +  + 580
Opercularia sp. + 150
O xytr icha  sp. + 300
P aram ecium  cauda tum am +  +  + 1160
Vorticella  convallaria am +  +  +  + 16,000
Vorticella  sp. + 300

F lag e lla ta
A n cy ro m o n a s  contorta 0 +  +  + 2030
Cercobodo ovatus a m -ßm +  +  + 2330
Mastigella  co m m u ta n s 0 + 290
P eranem a tr ichophorum p -0 + 150
Flagellata non det. +  +  + 870

R hizopoda
A m o eba  Umax p -am +  + 580

R o t a t o r i a
Epiphanes senta a m + 20

B iological d itch  in  G arw olin

B a c t e r i o p h y t a
Bacter iophy ta  non det. +  +  +  +

F u n g i
M ucor sp. p -am +  +  +  + 1775

P r o t o z o a
C ilia ta

C olp id ium  colpoda p -am +  +  + 73
Vorticella m icrostom a P +  + 29

F lag e lla ta
Monas archabdom onas p-arn +  +  +  + 1513
Cercobodo radiatus p +  + 15
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Chroococcus. Cyanophyta were also present as individual organisms 
separated from the flocks (Table II).

On the flocks the large am ounts of sessile Protozoa — Vorticella con- 
vallaria L. were present, and they dom inated among all sedim ent P ro
tozoa. Apart from  th a t Vorticella sp. and Opercularia sp. were found 
sporadically.

Small num bers of free-sw im m ing and craw ling Protozoa were ob
served among the flocks. Cinetochilum margaritaceum  P erty  was most 
frequent among them , then Paramecium caudatum  Ehrb. and Lionotus 
sp. Less frequently  were found the following species: Aspidisca costata 
Duj., Hemiophyrs agilis Pen., Chilodonella unicata Ehrb., Metopus pa- 
laeformis f. attenuata  Kahl, Oxytricha sp. and Holosticha brevis Stokes. 
Among the other Protozoa there  were: Flagellata — Ancyromonas con- 
torta Lemn., Cercobodo ovatus Lemn., Mastigella commutans  Meyer, 
Peranema trichophorum  Ehrb., Flagellata non det. and Rhizopada — 
Amoeba Umax Duj.

Among the Rotatoria, Epiphanes senta  Müll, was present.
Among the Cyanophyta, apart from  the Chroococcus sp. described 

above, Oscillatoria formosa Bory was present in a small num ber.
Among the Bacillariophyta, Nitzschia palea Kütz. was present in a re 

latively large num ber.
The saprobity of 13 species was estim ated out of the total of 16 de

term ined species of organisms. On the basis of a clear dominance of 
alfa-mezosaprobical organisms (am) the same range was accounted for 
the whole sedim ent environm ent.

The num ber of free-living bacteria decreased in the outlet and Vor
ticella f. telotroch, Mastigella commutans  and Nitzschia palea (Table III) 
occurred sporadically.

In the periphyton (Table IV), Nitzschia palea and Vorticella f. telo-

T ab le  III . T he sew age ou tflow

D itch O rgan ism s E stim a tiv e  
n u m b er in  1 m l

B ac te r io p h y ta +  +

B ochnia M astigella co m m u ta ns +
Nitzschia palea +
Vorticella f.  telotroch +

B ac te rio p h y ta +  +
C olp id ium  colpoda +  +  +

G arw olin Flagellata non det. +  +
M onas archabdom onas +  + +  +
S m all flocks +  +  +  +
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T able IV. T he p e rip h y to n

D itch O rgan ism s E stim ativ e  
n u m b e r in  1 m l

B ochnia

Liono tus  sp.
Nitzschia palea  
Oscillatoria form osa  
O xytr icha  sp. 
P a ra m ec ium  ca ud a tum  
Vorticella  sp. f. telotroch

4-4-4- 
+  4-4-4- 
+
+
+
+  +  +  +

G arw olin

Chlorella vu lgaris  
Flagellata no n  det. 
Monas archabdom onas  
M ucor sp.
Oscillatoria form osa  
N avicula  m in im a  var.

a tom oides  
Nitzschia palea

+  +  +  +  
+
+
4-4-4-4- 
4-

4-
4-

troch occurred abundantly, as well as some other organisms from  the 
active sedim ent, probably casual components, which were present in 
small num ber.

The biological ditch in Garwolin was investigated on the 19th of 
M arch 1965. The sewage inflow was of a d irty  w hite colour, w ery turbid, 
and it produced an unpleasant acrid smell characteristic for condensed 
dairy sewage. The sewage inflow was well m ixed w ith the activated 
sludge by brush in the ditch, w ithout producing visible sewage stream s. 
The activated sludge was of a light yellow colour non-typical for good 
sedim ent, and it contained small slowly settling flocks. This allowed to 
expect the occurrence of filam entous fungi in the activated sludge. The 
residual sedim ent was not found on the bottom. The periphyton green- 
yellow overgrowings were developing on the concrete parts of the ditch. 
The outflow  was colourless and it produced no smell, bu t m inute w hite 
and opalescent suspensions were present there.

The microscopic observations showed the occurrence of relatively  
large am ounts of spheric forms of free swimming bacteria (Table I).

The flocks were the basic elem ent of the active sedim ent and 
am ounted to about 6400 per 1 ml. The average length of a flock was 
about 213 |i, the average w idth — 15 p. The flocks w ere composed of 
zoogleal groupings of bacteria w ith filam entous fungi from  the genus 
Mucor, which occurred in large num bers. The free-living bacteria and 
Flagellata — Monas archabdomonas (Fisch) H. Meyer, were also very 
num erous. Cercobodo radiatus (Klebs), and among Ciliata — Colpidium  
colpoda and Vorticella microstoma Ehrb. were less num erous.
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The organisms dom inating in the sedim ent were p-am  saprobical, 
while the rest of them  — polysaprobical. On this basis the sedim ent was 
estim ated as poly-alfa-m ezosaprobical with the predom inance of poly- 
saprobity.

The outflow (Table III), even after an hour of sedim entation, con
tained as already m entioned m inute suspensions which consisted of very  
small bacterial and fungal flocks. The free-living bacteria occurred in 
a small num ber. Monas archabdomonas  was very abundant, Flagellata 
non det. were not num erous, but Colpidium colpoda was relatively  
abundant.

The periphyton (Table IV) developed relatively  well on the concrete 
parts of the ditch on the level of sewage surface, close to the aerating 
brushes. It consisted of large am ounts of fungi of the genus Mucor, and 
of algae — Chlorella vulgaris Beyer. The other algae — Navicula m i
nima var. atomoides (Grün), Nitzschia palea, Oscilatoria formosa, the Pro
tozoa — Monas archabdomonas and Flagellata non det. occurred in small 
num bers. The obtained results are presented in the tables.

B. PH Y SIC O -C H EM IC A L  R E SU LT S

The investigations in Bochnia were carried out on the 8th and 9th 
December 1964, when the tem perature of surrounding varied w ithin the 
lim its —5 to +5°C . The tem perature of sewage in the ditch was always 
above +5°C , apart from  the relatively  low tem perature of surroundings. 
The investigations showed a very high degree of sewage purification, and 
for some indicators it was even above 99%.

The results presented in Table V are the arithm etic mean values of 
the sampling made in hour intervals. It can be generally said, tha t the

T able V. B iological d itch  in B ochnia. M ean re su lts  of th e  tw o day 
physico -chem ica l inves tiga tions

D ate T ype of sew age O xygen co n 
te n t (m g/1)

O.D. 
(mg 0 2/l)

BOD-5 
(m g 0 2/l)

S uspension
c o n ten t
(m g/1)

8.X II.64
sew age inflow 7.2 161.0 205.0 253.0
sew age ou tflow 10.4 8.0 7.1 —

9 XII 64
sew age in flow 5.6 740.0 310.0 446.0
sew age ou tflow 10.0 10.0 30 —

biological sew age-treatm ent ditch in Bochnia worked very efficiently. 
The results on the reduction of contam ination and the param eters of 
w ork allow to conclude, tha t such ditches can be successfully applied 
for dairy sew age-treatm ent in Poland.
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The investigations in Garwolin were carried out on the 19th and 20th 
M arch 1965. The tem perature of the surrounding varied then w ithin the 
lim its 6-10°C. Although the investigations showed a relatively high 
reduction of sewage contam ination the effect of treatm ent was consi
derably worse than tha t in Bochnia.

The results presented in Table VI are the arithm etic mean values of 
the sampling made in hour intervals. These results point to the over-

T ab le  VI. B iological d itch  in G arw olin . M ean re su lts  of the  tw o day 
physico -chem ica l in v es tiga tions

D ate T ype of sew age O xygen  co n 
te n t (m g/1)

O.D. 
(mg 0 ,/l)

BOD-5 
(mg 0 2/l)

S uspension
co n ten t

(m g/1)

sew age inflow 1.5 320.0 647.0 315.0
19.III .65 sew age ou tflow 2 0 60.0 41.7 96.0

20.III.65
sew age inflow 3.1 438.0 7C0.0 223.0
sew age ou tflow 3.5 24.0 30.7 97.0

loading of the activated sludge w ith the oorganic wastes, and therefore 
the treatm ent results are worse.

It can be generally said, tha t in both of the investigated plants, apart 
from  low w inter tem peratures, very  good effects of treatm ent w ere 
obtained. The ditch in Bochnia worked w ith a reasonably low load. All 
organic wastes as well as the activated sludge there underw ent the pro
cesses of biological oxidation. The oxygen content in the sewage was 
very high due to. the good aerating system. The ditch in Garwolin during 
the investigations was overloaded, which apart from  the same tim e of 
sewage stoppage, caused a high condensation of organic wastes in the 
outflow. Although three aerating brushes were installed, the oxygen 
content in the sewage was low, which together w ith a rise of tem pera
tu re  could cause the oxygen depletion. In such conditions not all acti
vated sludge is oxidized, and the excess of form ed sedim ents m ust be 
occasionally disposed of, which complicates the procedure.

4. D ISC U SSIO N

The species composition and saprobity of organisms were d ifferent 
in both ditches. On the basis of these data it was found that the ditch 
in Bochnia worked well due to proper sew age-treatm ent. The ditch in 
Garwolin worked worse, as the trea tm en t efficiency was not as good.

Both sewage inflows were very turb id  and produced an unpleasent 
acid smell. The microscopic observations showed differences between the
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two inflows. In Bochnia ditch there was more bacteria than  in Garwo
lin one. A large num ber of bacteria is not always a resu lt of higher con
tam ination. In very condensed wastes the bacteria have worse develop
m ent conditions, and this is reflected in their abundance. Such situation 
could have place in this instance. It is also possible th a t at the m om ent 
of sampling in Garwolin ditch the sewage could be less condensed as the 
load of contam ination varied in time.

The association of organisms in activated sludge was basically diffe
ren t in both ditches. The following general indicators of biological control 
of sediment can be presented:

A well working sedim ent is characterized by a large num ber of sessile 
Protozoa from  the genera Vorticella, Opercularia, Carchesium  and a small 
num ber of free swimming and crawling Protozoa. The flocks of such 
sedim ent are small and they easily settle. In the badly working sedim ent 
the Flagellata and Sarcodina are present in large num bers. Often a large 
num ber of free-living bacteria from  the genus Spiryllum  will occur, and 
also the filam entous bacteria and fungi, causing the so-called swelling 
of sediment, i.e. an increase of flocks’ surface, thus m aking then settling 
difficult ( B a i n e s  et al. 1953, R e y n o l d s o n  1942, M c K i n n e y  
and G r a m m  1956).

The above indicators were based m ainly on the investigations of 
activated sludge in m unicipal sewage, but their application for dairy 
sewage was not studied. The biological investigations of the active sedi
m ent purifying the dairy sewage are not advanced. The only authors 
who investigated this problem  w ere M e i n e  e k e  (1961), and K a l i s z  
et al. (1963).

The activated sludge from  Bochnia had a yellow-brown colour 
characteristic of a good sediment, and it easily settled. Large am ounts 
of sessile Protozoa of the genus Vorticella were present in it, as well 
as small amounts of free-sw im m ing Protozoa. Thus the organisms occur
red  according to the param eters of well working sediment, as given in 
the biological indicator of the sedim ent control.

The activated sludge from  Garwolin had a light yellow colour, and 
it hardly  settled. Flagellata and filam entous fungi occurred there  in 
masses. Such biocenosis, according to the biological indicator, proves 
about the overloading of the sediment.

The groupings of organisms found in the sedim ent suggest thus 
a possible application of the discussed biological indicator to evaluate 
the broader variety  of wastes than the m unicipal wastes.

The sedim ent can be also qualitatively characterized by the determ i
nation of saprobity of its organisms. The sedim ent is determ ined as 
a good one, if the alfa-m ezosaprobes are the dom inants. In the over
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loaded sedim ent the polysaprobes ( L i e b m a n n  1962) are the dom inants. 
According to the system  of saprobes the environm ent of the activated 
sludge in Bochnia was determ ined as alfa-mezosaprobical. The dom ina
tion of organisms with such saprobity was the basis for such a conclu
sion. Organisms which are characteristic for oligosaprobical zone were 
also found in this sediment. Their survival in the sediment confirms the 
conclusion about not overloading of the sediment, and thus of its proper 
exploitation.

In Garwolin the dom inating organisms w ere within the range of 
saprobity from polysaprobical to alfa-m ezosaprobical, and the rem aining 
ones were polysaprobical. The saprobity of the sedim ent was thus de
term ined as p-am  with the dominance of polysaprobical elements. This 
confirmed the conclusion of the overloading of sediment.

In the outlets of both ditches the num ber of bacteria was greatly  
reduced. In less purified Garwolin sewage the considerable quantities 
of m icroorganisms and small flocks were found, which due to the occur
rence of filamentous fungi were slowly settling. In well purified sewage 
from  Bochnia, the organisms were only sporadic, and no suspension 
occurred.

The aim of periphyton investigations was to find its species composi
tion, and to determ ine, w hether the overgrowings develop to such an 
extent, th a t they can slow down the circulation of activated sludge. The 
observations, however, did not confirm  that. The dom inants in periphy
ton occurred also in masses in the activated sludge, w hat allowed to 
presum e that periphyton was functionally connected with the activated 
sludge and it did not establish a separate biocenosis.

The results of biological investigations were confirmed by physico
chemical analyses. According to it, the biological ditch in Bochnia 
worked with a small load of sewage, and the effectiveness of trea tm ent 
was very high. The sewage load in Garwolin was large, and the tre a t
m ent was worse.

5. SUM M ARY

T he biological and  physico -chem ical in v es tiga tions of tw o d a iry  sew age b io lo
gical pu rifica tio n  d itches w ere  m ade.

T he bio logical d itch  in B ochnia (Fig. 1) w o rk ed  w ith  th e  low  load of sew age. 
The d itch  in G arw olin  (Fig. 2) w as overloaded  w ith  sew age.

T he p ap er a im ed  a t a study  of g roup ings of o rgan ism s occu rring  in th ese  tw o 
d iffe ren tly  w ork ing  ditches, and  to find  out w h e th e r  th e  b io logical ch a rac te ris tic  
of a c tiv a ted  sludge is su ffic ien t to ev a lu a te  th e  p u rifica tio n  tre a tm e n t effic iency .

T he o rgan ism s in ac tiv a ted  sludge w ere  s tu d ied  m ost tho ro u g h ly  (T able II), 
and  also the  o rgan ism s in inflow  (Table I), ou tflow  (Table III) an d  in pe rip h y to n  
(Table IV).

I t w as found  th a t in the  ac tive  sed im en t in B ochnia  th e re  w ere  m ain ly  la rge  
am ounts of sessile  P ro tozoa  from  th e  genus V orticella , and  a sm all n u m b e r of free

5 — P o lsk ie  A rch iw u m  H yd rob io log ii http://rcin.org.pl



66 M. Januszko and K. Wolska

sw im m ing  and  craw ling  P rotozoa. T he sed im en t w as y e llow -b row n , it easily  se ttled , 
an d  the  sap ro b ity  w as of th e  o rd e r of am .

I t  w as found  th a t  in  th e  ac tiv a ted  sludge in G arw olin  m a in ly  F lag e lla ta  and  
filam en tous fung i from  the  genus M ucor occurred . T he sed im en t w as ligh t-ye llow , 
it se ttled  h a rd ly  an d  th e  sap ro b ity  w as of th e  o rd e r of p -a m ..

T hus the  sed im en t w as d iffe ren t d ep end ing  on th e  degree  of sew age load. 
S im ila r p ro p ertie s  and  group ings of o rgan ism s a re  found  in m un ic ip a l sew age 
tre a tm en t. T hey a re  considered  th e  in d ica to rs  of good or bad  q u a lity  of th e  sed i
m ent. I t has been  proposed  to app ly  these  ind ica to rs  fo r bo th  th e  m un ic ipa l and  
d a iry  sew age.

A d iffe ren t effec t of tre a tm e n t w as observed  in th e  outflow . In  B ochnia  o u t
flow  th e  m icroorgan ism s occurred  only sporad ica lly , and  no suspension  w as p resen t. 
In  G arw olin  one, it c a rr ied  la rg e  q u an titie s  of m icroorgan ism s and  m in u te  su sp e n 
sion of hard ly  se ttin g  flocks ’’sw e lled ” due to  th e  p resence  of f ilam en to u s fungi.

T he biological ev a lu a tio n  w as con firm ed  by the  physico -chem ical inves tiga tions 
(Table V and  VI).

6. ST R ESZC ZEN IE

P rzeprow adzono  b ad an ia  biologiczne i fizykochem iczne dw óch row ów  b io lo
gicznych oczyszczających ściek i m leczarsk ie . Rów biologiczny w  B ochni (Fig. 1) 
p racow ał w w aru n k ach  n isk iego  obciążen ia  ład u n k iem  zanieczyszczeń; rów  w G a r
w olin ie  (Fig. 2) — w w aru n k ach  nad m ie rn eg o  przeciążen ia .

C elem  pracy  było poznanie  zespołów  o rgan izm ów  zasied la jących  te dw a róż
nie dz ia ła jące  row y i stw ierdzen ie , czy n a  podstaw ie  b iologicznej oceny osadu 
czynnego m ożna sądzić o efek tyw ności oczyszczania. Szczególną uw agę zw rócono 
na  o rgan izm y osadu czynnego (Tab. II), a le  b adano  je rów nież w ściekach  dop ły 
w ających  (Tab. I), śc iekach  odp ływ ających  (Tab. III) i p ery fito n ie  (Tab. IV).

S tw ierdzono, że w  sk ład  osadu  czynnego z B ochni w chodziły  g łów nie bardzo  
duże ilości P ro tozoa  osiad łych  z ro d za ju  V ortice lla  i n iew ielk ie  ilości P ro tozoa 
w olno p ływ ających  i pełza jących . O sad po siad a ł żó łto -b rązow ą barw ę, ła tw ą  opa- 
dalność i saprobow ość rzędu  am . W sk ład  osadu  czynnego row u  w  G arw olin ie  
w chodziły  g łów nie m asow o w y stęp u jące  F la g e lla ta  oraz grzyby  n itk o w a te  z ro d za 
ju  M ucor. O sad posiadał b a rw ę  żó łto -b ia łą , tru d n ą  opadalność i sap robow ość rzę 
du p -am .

C h a ra k te ry s ty k a  osadu czynnego b y ła  w ięc różna  w  zależności od sto p n ia  jego 
obciążenia. P odobne cechy i u g ru p o w an ia  organizm ów  sp o ty k an e  są w  osadzie 
czynnym  pow sta jącym  przy  oczyszczaniu ścieków  bytow o-gospodarczych . Są one 
u znane jak o  w skaźn ikow e d la oceny dobre j i złej jakości osadu. Z asugerow ano , że 
w skaźn ik i te m ogą być stosow ane jak o  w spó lne  d la  oceny jakości osadu  czynnego 
zarów no ścieków  bytow o-gospodarczych  ja k  i m leczarsk ich .

R óżny e fek t oczyszczania p rze jaw ił się także  w  obrazie  odpływ u. O dpływ  w 
B ochni zaw iera ł sporadyczn ie  w y stęp u jące  m ik roo rgan izm y  i n ie posiada ł żadnej 
zaw iesiny, a w  G arw olin ie  n iósł ze sobą znaczne ilości m ik roo rgan izm ów  oraz 
d robną zaw iesinę tru d n o  opadających  k łaczków  „sp u ch n ię ty ch ” przez obecność 
w  n ich  grzybów  n itkow atych .

O cena b iologiczna została  p o p a rta  w y n ik am i b adań  fizyko-chem icznych  (Tab. 
V i VI).
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In lan d  F isheries  In s titu te , Ż abien iec near W arsaw , P. O. Piaseczno, P o land

A BSTRA CT

R eactions to h igh  tem p e ra tu re s  of incuba tion  have  been com pared  fo r roach  
fry  from  n a tu ra l spaw ning  g rounds in a lak e  w ith  n o rm al te m p e ra tu re  (Slesin) 
an d  in an a rtific ia lly  e leva ted  one (Licheń), as w ell as fo r roach  fry  in cu b a ted  in 
d iffe ren t tem p e ra tu re s  in la b o ra to ry  conditions. No sig n ifican t d ifferences betw een  
le th a l tem p e ra tu re s  fo r bo th  popu la tions have been found, w h ile  these  te m p e ra 
tu res  depended  upon incuba tion  tem p e ra tu re s . A n ad d itio n a l acc lim ation  of fry  in 
e lev a ted  tem p e ra tu re s  caused  an  ap p rio p ria te  increase  of th e ir  le th a l te m p e ra 
tu res . W hen fry  w as k ep t in su b le th a l tem p e ra tu re s  fo r 100 h r, a som ew hat lesser 
m o rta lity  w ere  observed  in th e  groups from  th e  h ea ted  L ake  L ichen.

CON TEN TS

1. In tro d u c tio n
2. M ethods
3. R esults
4. D iscussion

5. C onclusions
6. S um m ary
7. S treszczen ie
8. R eferences

1. IN TRO D U C TIO N

T he investiga tion  of th e rm a l to le ran ce  of fish  from  th e  K onin  g roup  of lakes 
w as in ten d ed  to b rin g  an  an sw er to the  question , w h e th e r the  h ea tin g  of w a te r 
du ring  severa l years has b ro u g h t abou t any changes in reac tions to h igh te m p e ra 
tu res  am ong fish  popu la tion .

T w o popu la tions of roach  fry  have  been s tud ied , com ing from  th e  L icheń  and 
S lesin  lakes, belonging  to th e  K onin  group  of lakes, connected  by th e  W arta -G o - 
plo channel.

T he L icheń L ake, w ith  153.6 ha  of su rface , has been h ea ted  by w arm  w a te r 
from  th e  K onin  pow er sta tio n  since M arch 1958. T he d ifferences betw een  tem p e 
ra tu re s  of w a te r tak en  and  re tu rn e d  by the  pow er p la n t a re  from  6 to 12 degrees 
C 1 in sum m er, and  from  10 to 16 degrees C in w in te r . T he am o u n t of w a te r  r e 
tu rn e d  to th e  lake  has been increasing , as new  g en era tin g  u n its  w ere  set in m o
tion, from  3.3 m 3/sec in th e  f irs t  h a lf  of 1958, up  to  29 m 3/sec in th e  second  half 
of 1964. D uring  th e  n ex t years  th e re  w as no m ore increase , and  th e re  w as even 
som e decrease in w in te rs , dow n to  below  tw en ty  m 3/sec.

1 T he p h rase  “degrees C” deno tes te m p e ra tu re  d ifferences, and  th e  sym bol “°C” 
denotes ac tua l te m p e ra tu re  values.
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T he ex trem e  te m p e ra tu re s  of th e  su rface  layers  of L ake  L ich en  w a te rs  d u rin g  
these  years w ere  6.6°C and  31°C.

T he Ślesin L ake, w ith  148.1 ha of su rface , is no t a ffec ted  by  h ea ted  e fflu en ts , 
and  its tem p e ra tu re s  a re  ty p ica l fo r an  in lan d  lak e  u n d e r th is la titu d e . Its  e x tre m e  
w a te r  tem p e ra tu re s  du ring  th e  re sea rch  p eriod  w ere  0.5°C and  24°C.

2. M ETHO DS

L e th a l tem p e ra tu re s  w ere  found  by  the  m ethod  of g rad u a l h ea tin g  of w a te r, 
s ta r tin g  from  th e  acclim ation  te m p e ra tu re  (T s u k  u d a and  K a t a y a m a  1957, 
H u t c h i n s o n  1961, H e a t  1963, S h k o r b a t o v  1964, F r y  1967, H o r o s z e 
w i c z  1969). In  th e  1967 fie ld  ex p e rim en ts  series, in w h ich  fry  w as d raw n  from  
its n a tu ra l spaw ning  g rounds, th e  ac tu a l te m p e ra tu re  rep o rted  th e re  w as assum ed  
in each case as th e  acclim ation  te m p e ra tu re . F ree ly  sw im m ing  fry , in th e  fin a l 
phase  of reso rp tio n  of th e  yolk sac, w as tra n sp o rte d  w ith  w a te r  d irec tly  from  
spaw n ing  g rounds in to  250 cm 3 W itt’s flasks, sub m erg ed  in 12 1 aq u a riu m s as th e ir  
w a te r coating. T h ere  w ere  5 fry  in each  flask . T he ra te s  of te m p e ra tu re  increase , 
and  le th a l tem p e ra tu re s  of each in d iv id u a l w ere  reco rded . In  th e  sev e ra l sam ples, 
the  ranges of tem p e ra tu re s  u n d e r w hich  the  f irs t  an d  th e  la s t in d iv id u a l died, w ere  
from  0.5 to 7.5 degrees C. A sim ila rly  la rg e  ran g e  of le th a l te m p e ra tu re s , ap p ro ach 
ing 7 degrees C, w as observed  in  roach  fry  by  C o c k i n g  (1959), w h en  th e  te m p e 
ra tu re  increased  a t a ra te  of only 1/20°C p e r h r. In  th e  series of ex p e rim en ts  now  
rep o rted , th e  m ed ium  ra te  of te m p e ra tu re  increase  ran g ed  from  0.10 to 0.16°C per 
m in, and  it w as n o t fo und  to be re la te d  to e ith e r  th e  ran g e  no r th e  e x te n t of le th a l 
tem p e ra tu re s  in th e  s tu d ied  sam p le  (Fig. 1). T he fa ir ly  ex ten s iv e  ran g e  of le th a l

tem p e ra tu re s  m ay have as its cause th e  la rg e  d ivergence  of developm ent phases in 
roach  fry  d raw n  from  th e ir  n a tu ra l sp aw n in g  g rounds. T his is in d ica ted  by  the 
n ex t se ries  of m easu rem en ts , ta k e n  in 1968 on ro ach  fry  incu b a ted  in  la b o ra to ry  in 
tem p e ra tu re s  from  12.0 to 15.0°C, 18.0 and  23.0°C, from  spaw n of a s ing le  fem ale 
from  L ak e  L ichen. In  th is fry  th e  ran g e  of le th a l te m p e ra tu re s  did no t exceed  2.1 
degrees C in any  group , tho u g h  u n d e r th e  m ost un ifo rm  conditions of in cuba tion  
of hom ogeneous spaw n , som e d ivergence  of deve lopm en t phases a re  o b serv ed  in 
th e  la rv a e  ( E m e l j a n o v  1965). T he need  to  secu re  hom ogeneous fry  w ith

Fig. l. T he ran g e  of le th a l te m p e ra tu re s  of th e  sam ples, u n d e r d if fe re n t ra te s  oJ 
increase  of w a te r tem p e ra tu re . 1 — L ake L icheń  sam ples; 2 — L ake Ś lesin  sam ples: 
A’s — m ean  le th a l te m p e ra tu re  fo r L ake  Ś lesin  roach  fry ; x i  — m ean  le th a l te m 

p e ra tu re s  fo r L ak e  L icheń  roach  fry
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a k now n  “th e rm ic  h is to ry ” fo r com parisons em erged , besides m ethodological con
s id e ra tio n s , m ain ly  from  som e assu m p tio n s concern ing  th e  ac tu a l re sea rch  p rob lem , 
w h ich  w ill be d iscussed  in th e  re le v a n t sections.

L e th a l te m p e ra tu re s  w ere  e s tab lish ed  fo r a to ta l of 239 roach  fry  from  L ake 
S lesin  sp aw n in g  g rounds, 209 fry  from  L ak e  L ichen , and  30 of fry  from  th e  la t te r  
lake, in cu b a ted  in  lab o ra to ry . B esides, fo r each  of th ese  groups m o rta litie s  w ere  
reco rd ed  (percen tage  of dead  la rv ae) a f te r  50 anil 100 h r  of exposition  to su b le th a l 
te m p e ra tu re s .

3. R ESU L TS

A . M O R TA LITY  OF ROACH FRY FROM  N A T U R A L  SP A W N IN G  G R O U N D S  
IN  L E T H A L  T E M P ER A T U R E S

In 1967 lethal tem peratures w ere established during the periods of 
mass spawning of roach, which occurred in both lakes at sim ilar w ater 
tem peratures (13.3-18.6°C and 15.0-18.5°C) but at d ifferent periods, i.e. 
betw een April 6 and 13 in Lake Lichen and betw een May 25 and 31 in 
Lake Ślesin.

M ortality of roach fry  from  both of the compared lakes in lethal 
tem peratures are shown as cum ulative curves No. 1 and 2 in Fig. 2. As

Fig. 2. D istrib u tio n  of m o rta lity  ra te s  fo r roach  fry  in le th a l tem p e ra tu re s . T he 
con tinuo us line — L ak e  L icheń  fry : 1 — from  n a tu ra l sp aw n ing  g rounds; 6 — a d d i
tio n a lly  acclim ated  d u rin g  24 h r; 7 — d u rin g  36 h r. T he d o tted  line  — L ake Ś lesin  
fry : 2 — from  n a tu ra l  spaw n ing  g ro u n d s; 3 — ad d itio n a lly  acc lim ated  d u ring  6 h r;

4 — d u rin g  14 h r ; 5 — du rin g  17 h r
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it was found that these distributions deviate som ewhat from  norm al, 
discrepancies were checked by the Smirnov-Kolmogorov consistency 
test A for nonparam etric distributions. The discrepancies betw een the 
distributions were found to be insignificant: i. =  1.02, at this level of A, 
the Q function value was 0.7508 and the probability P was 0.2492.

The discrepancies between mean lethal tem peratures and standard  
deviations for roach fry  were sim ilarly found to be insignificant: for the 
heated Lake Lichen they were x L ± SD =  30.8 ± 1.91, and for Lake 
Ślesin x s ± SD =  31.1 ± 1.58.

The high consistency of results obtained at d ifferent times for two 
different populations, when each of them  was acclim ated to sim ilar 
tem perature ranges 13.3-18.6°C and 15.0-18.5°C resulting from  sim ilar 
therm ic histories of the respective spawning grounds, points only to the 
generally fam iliar relationship betw een lethal and acclim ation tem pe
ratures.

B. M O RTALITY IN L E T H A L  TEM PER A T U RE S OF FRY  
E X P O SE D  TO A D D IT IO N A L  ACCLIM ATIO N

Three groups of fry  from Lake Ślesin, and two groups from Lake 
Licheń, were subject to additional acclimation, consisting in short expo
sitions to tem peratures a few degrees higher from  those actually ob
served in their spawning grounds. The Lake Ślesin fry  was kept during 
6, 14 and 17 h r in tem peratures higher than in the lake (respectively 
2.5, 3.0 and degrees C), whereas the Lake Licheń fry  was kept during 24 
and 36 h r in w ater 5.5 degrees C w arm er than in the lake. In all groups 
an increase of lethal tem peratures was observed, proportionate to the 
tim e of acclimation to higher tem peratures (Fig. 2, curves No. 3-7). Al
ready after 6 h r of exposing the fry  to a temp. 2.5 degrees C higher 
than the original one, m ortality  distributions in lethal tem peratures for 
this group of fry  and for the not acclim ated controls differed signific
antly, when checked by the A consistency test (at A level 1.99, Q was
0.9993 and P was 0.0007).

The process and rate  of acclim ation of fry, m easured by lethal tem 
peratures values, is presented in Fig. 3. The tim e of acclimation is given 
in term s of degree/hours, being the product of the time of exposing the 
fry  to increased tem peratures (in hr) m ultiplied by the difference (in 
degrees C) between initial and final tem peratures of w ater for the given 
fry  group. Such approach allowed for comparison of results for 5 groups 
of fry  from both populations, exposed to different acclimation tem pera
tu re  during different times. It tu rned  out tha t acclimation of fry  to new 
tem peratures was sim ilar for both populations during the period of 
study, and it was analogous to w hat could be found in lite ra tu re  for
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Fig. 3. T he re la tio n sh ip  be tw een  ^
le th a l tem p e ra tu re s  and  acc lim a
tion . 1 — sam ples of fry  from  L ake 
L ichen ; 2 — sam ples of fry  from  

L ake Slesin

other species of fish ( S u m n e r  and D o u d o r o f f  1938, D o u d o- 
r o f f  1942). However, the acclim ation process was not completed for 
any group, and lethal tem peratures did not reach the values appropriate 
for the given acclimation tem peratures, i.e., the lethal tem perature which 
would rem ain stable under prolonged exposure of fry  to acclimation 
tem peratures.

C. L ETH AL TEM PER A T U R E S FOR FRY A C C LIM A TE D  TO F IX E D  T EM PER A TU RES

To obtain fry  fully acclim ated to a given tem perature, i.e., w ith m e
tabolism fixed at the level corresponding to the acclimation tem pera
ture, spawn from a single fem ale from  Lake Licheń was incubated in 
laboratory at th ree different tem peratures: changing from  12 to 15°C, 
and stable 18.0 and 23.2°C. Mean lethal tem peratures for the three 
groups of fry  were x 12 — 29.9°C, x ls =  34.7°C and x 23 =  35.5°C, re
spectively, and were eventually considered as reference levels for all 
groups of fry  in field experim ents, when lethal tem peratures were com
pared w ith acclim ated tem peratures.

D. A CO M PA R ISO N  OF L ETH A L T E M P ER A T U R E S A N D  ACCLIM ATED TEM PER A TU RES  
FOR A L L  G R O U PS OF ROACH FRY

The recorded lethal tem peratures for all groups of fry  are listed in 
Table I, from lowest to highest. W ithin such a rank order of lethal tem 
peratures, and thereby of acclim ation tem peratures, 5 groups of fry 
from natural spawning grounds exposed to additional acclimation to 
tem peratures of 18, 19 and 22.2°C w ere ranked above the roach group 
incubated in laboratory in 18°C, which confirmed the view that the pro
cess of acclimation in the 5 above m entioned groups of fry  was not com
pleted.

Comparison of lethal tem peratures of fry  from natu ral spawning 
grounds, and thus acclim ated to environm ent w ith tem peratures fluc
tuating within the range of 3 to 5 degrees C, w ith results recorded for
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Lethal tem peratures of roach fry- 75

fry  from  controlled acclimation tem peratures, showed th a t fry  in the 
phase of resorption of the yolk sac in both lakes was acclim ated ra th e r 
to the lower than to the m ean values of the range of fluctuating tem 
peratures recorded on the spawning grounds. An analogous process of 
acclim ation to fluctuating tem peratu res of na tu ra l environm ent during 
spring was observed for Ameiurus nebolosus from  the Opeongo Lake 
in Canada, under different research m ethods ( B r e t t  1944). D uring his 
whole year observations, the au thor found tha t acclimation to lower 
values of the range of changes was characteristic only of the  spring 
season, when w ater tem peratures increase rapidly and steadily. In  sum
mer, however, when mean daily tem peratures are more stable, lethal 
tem peratures indicate acclim ation of fish to m axim al observed tem pe
ratures.

E. M O R TA LITIES OF FRY IN  SU B L E T H A L  T EM PER A T U R E S

Roach fry  from both of the com pared lakes, acclim ated to a sim ilar 
tem perature  range, was exposed to stable sublethal tem peratures dur
ing 50 and 100 hr. Control groups of fry  were kept in their form er tem 
peratures, or in the environm ent tem perature, as in the Ślesin field 
study. The m ortalities in experim ental groups, from  which m ortalities 
found in the respective control groups during the same period were 
deducted (Table II), were considered as the effect of high tem pera tu re  
influence. Some differences in m ortalities for fry  from  the two lakes, 
suggest a little  higher resistance to high tem peratures in the Lake Li- 
cheń population. It means th a t fry  from  Lake Licheń could survive 
a few hours longer in w arm  w ater than  fry  from  Lake Ślesin. However, 
the num ber of experim ents was too small to prove this hypothesis.

4. D ISC U SSIO N

Results of experim ents did not reveal clear differences in reactions 
to high tem peratures betw een roach fry  from  Lake Licheń, being at 
least the third, or perhaps even the fifth  generation incubated in the 
heated lake, and roach fry  from  Lake Ślesin w ith its norm al tem pera
tu re  variations. A shift of the spawning period allowed the Lake Licheń 
roach to reproduce at w ater tem peratures v irtua lly  identical w ith  those 
in Lake Slesin, and also w ith those recorded in roach spawning grounds 
in many other lakes, like the M azurian Lake Białe (W i l k o ń s k a  and 
Ż u r o m s k a  1967).

The tem perature range from  12 to 16 °C was the longest prevailing 
one in natu ral roach spawning grounds in the Uchinskoye reservoir 
near Moscow; in laboratory experim ents, roach spawn rendered the
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largest percentage of norm ally incubated larvae w ithin those tem pera
tu re  values (Fig. 4). Spawn incubated above 20°C rendered greater in
cidence of developm ent abnorm alities of larvae, as well as higher m or
talities (R e z n i ć e n k o et al. -1962).

I* ig. 4. S u rv iv a l of roach  la rv a e  a t d iffe ren t in cuba tion  tem p e ra tu re s  and  the  
d u ra tio n  of p a rtic u la r  te m p e ra tu re s  in n a tu ra l roach  spaw n ing  g rounds. 1 — su rv i
va l fo r n o rm al la rv ae ; 2 — th e  leng th s of in fluence  of d if fe re n t te m p e ra tu re s  in 

n a tu ra l spaw n ing  g rounds (a fte r R e z n i c e n k o  et al. 1962)

Sim ilarly high losses (22.0 and 24.6%) were recorded in control fry 
groups, kept in tem peratures above 20°C during 100 h r (cf. Table II). 
No differences were observed in this respect between larvae from both 
of the compared lakes, even though the Lake Licheń fry  was the pro
geny of a fem ale acclim ated to the heated environm ent, and the fry ’s 
embryonic developm ent was carried out at 23.2 °C. These facts seem to 
prove that in roach from  the heated lake, no changes occurred as to the 
tem perature  range optim al for the propagation and embryonic develop
ment. Also the times of incubation for Lake Licheń spawn in a num ber 
of d ifferent tem peratures was generally consistent w ith data obtained 
under sim ilar tem perature conditions for roach spawners from  unheated 
spawning grounds ( K o k u r e w i c z  1970).

The somewhat sm aller death rate  of the Lake Licheń roach fry, ob
served in sublethal tem peratures after 100 hr, w ith the other indices 
revealing no differences, could be related  with the higher rate  of w ater 
tem peratu re  increase im m ediately after mass incubation in this lake. 
H u b b s  and A r m s t r o n g  (1962) found that larvae of Etheostoma 
spectablile (Agassiz) — Percidae from  Missouri and A rkansas stream s 
survived better in high tem peratures than larvae from  Texas; they 
consider th a t faster tem perature increase was responsible for their find-
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ing. Both populations studied by them  propagate under ra th e r sim ilar 
tem perature conditions, but at d ifferent periods, and after th ree weeks 
since the spawning, tem peratures in Arkansas stream s are one to two 
degrees C higher from those recorded in Texas.

The situation with respect to tem perature  in the compared lakes of 
the Konin group was quite similar. A fter two weeks since the mass in
cubation of roach, w ater tem perature  in Lake Licheń was in average 
1.5 degrees C higher than in Lake Ślesin, and after a m onth the d iffer
ence increased to about 2 degrees C. W hile the spawning tem peratu res 
of roach were the same in both lakes, the Lake Licheń roach lived after 
two weeks in w ater heated to 21.5°C, while the Lake Ślesin fish had 
a m onth of tim e to acclimate to an alm ost identical tem peratu re  of 
21.8°C.

On the other hand, when reactions to high tem peratures are com
pared, we have to be aw are of the differences in developm ent and 
grow th of individuals in the two populations, increasing every day, and 
having as its underlying cause the different.

5. CON C LU SIO N S

A com parison  of reac tions to h igh tem p e ra tu re s  of roach  fry  from  a lake  w ith  
n o rm al tem p era tu res , and  from  an a rtif ic ia lly  h ea ted  one, rev ea led  no d iffe rences 
in te m p e ra tu re  to le rance  of the  tw o popu la tions. L e th a l te m p e ra tu re s  fo r bo th  of 
them  changed  consisten tly  w ith  th e  ad ap ta tio n  te m p e ra tu re s . In  su b le th a l te m 
p e ra tu re s , a som ew hat sm a lle r m o rta litie s  w ere  found  for th e  h ea ted  lake  p o 
p u la tio n , w hich  could be caused  by  an  e a rl ie r  acc lim ation  of fry  to th e  h ig h e r 
ra te  of w a te r te m p e ra tu re  increase, ch a rac te ris tic  of th a t lake.

6. SUM M ARY

A com parison  of le th a l te m p e ra tu re s  w as m ade fo r roach  fry  from  n a tu ra l 
sp aw n ing  g rounds in a lake  w ith  n o rm al f lu c tu a tio n  of te m p e ra tu re s  (Ślesin), an d  
in an  a rtific ia lly  hea ted  one (Licheń), as w ell as for fry  in cuba ted  in la b o ra to ry  
a t d iffe ren t tem p e ra tu re s . No s ign ifican t d iffe rences in le th a l te m p e ra tu re s  of bo th  
popu la tions w ere  found , and  th e  values of th ese  tem p e ra tu re s  depended  on 
acclim ation  tem p e ra tu re s , in th is  case id en tica l w ith  in cuba tion  te m p e ra tu re s  
(Table I). An ad d itio n a l acc lim ation  of fry  in e lev a ted  tem p e ra tu re s  re su lted  in 
both  popu la tions an  increase  of le th a l te m p e ra tu re s  p ro p o rtio n a l to th e  d u ra tio n  
of acc lim ation  (Fig. 2 and  3). K eeping  th e  fry  for 100 h r in  su b le th a l te m p e ra tu re s  
a llow ed  to observe a som ew hat lesse r m o rta litie s  in th e  sam ples from  th e  h ea ted  
L ake L icheń (T able II). H ow ever, in con tro l g roups from  both  po p u la tio n s k ep t 
in te m p e ra tu re s  over 20°C, th e  am o u n t of losses w as s im ila r, w h ich  p ro v ed  th a t  
th e re  w ere  no c lea r changes w ith  respec t to  th e  op tim al and  to le rab le  p ro p ag a tio n  
tem p e ra tu re s  in roach  from  th e  h ea ted  lake.

7. STRESZC ZEN IE

P orów nano  te m p e ra tu ry  le ta ln e  w ylęgu  płoci z n a tu ra ln y c h  ta r lisk  w jez iorze 
o n o rm alne j te rm ice  (Ślesin) i sz tuczn ie  ogrzanym  (Licheń) o raz w y lęgu  z ik ry  
inkubow anej w  różnych  tem p e ra tu ra c h . Nie s tw ierdzono  is to tnych  różnic p om ię
dzy te m p e ra tu ra m i le ta ln y m i obu popu lac ji, a w ysokość tych  te m p e ra tu r  za leżała
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od w ysokości te m p e ra tu r  ad ap tac ji, k tó re  w  tym  p rzy p ad k u  po k ry w ały  się z te m 
p e ra tu ra m i in k u b ac ji (Tab. I). D oda tkow a a d a p ta c ja  w y lęgu  w  podw yższonych 
te m p e ra tu ra c h  w yw oływ ała  u obu po p u lac ji podn iesien ie  te m p e ra tu r  le ta ln y ch  od
pow iedn io  do czasu trw a n ia  a d ap ta c ji (Fig. 2 i 3). P rze trzy m y w an ie  w ylęgu w  te m 
p e ra tu ra c h  su b le ta ln y ch  przez 100 godzin pozw oliło  zaobserw ow ać nieco m n ie jszą  
śm ierte lność  w  g ru p ach  pochodzących z ogrzanego  jez io ra  L ich eń  (Tab. II). N a to 
m ia s t podobna u obu p opu lac ji w ielkość s t r a t  w  g ru p ach  k o n tro ln y ch , gdzie te m 
p e ra tu ra  p rzek racza ła  20°C, p o tw ierd z iła  b ra k  uch w y tn y ch  zm ian  w zak res ie  o p ty 
m aln y ch  i to le row anych  te m p e ra tu r  rozrodu  płoci w  ogrzanym  jeziorze.
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A BSTR A C T

W ater A rth ro p o d a  w ere  caugh t in to  18 lm  and  1000 lm  lig h t tra p s  in the  Ińsko  
L ake (N o rth -W este rn  Poland). D raugh ts  in to  1000 lm  tra p  reach ed  90 m l of 
vo lum e an d  ap p ro ach ed  a m illion  of in d iv idua ls  du rin g  th ree  hours. B e tte r  re su lts  
w ere  o b ta in ed  befo re  th an  a fte r 10 p.m . In c rease  of the  b rig h tn ess  of ligh t caused 
g rea t in c rease  in the am o u n t of lig h t- tra p p e d  C ladocera, and  sm all increase  of 
C opepoda. P a r t ic u la r  species d iffe red  la rg e ly  in th e ir  a ttra c tio n  to ligh t, w hich also 
depended  on th e  zone of d rau g h t. L ig h t tr a p  is a conven ien t device fo r m ass h a u l
ing of w a te r  A rth ro p o d a  in densely  overg row n  areas and  from  over th e  bottom . 
It y ields d ra u g h ts  con ta in ing  an im als only, w ith o u t o th e r m a te ria l.

C O N TEN TS

1. In tro d u c tio n  5. S u m m ary
2. M ethods 6. S treszczen ie
3. R esu lts 7. R eferences
4. D iscussion

1. IN TRO D U C TIO N

L igh t has been  recen tly  w idely  used fo r fish ing . B esides p rac tica l advan tages, 
it m akes possib le  im p o rtan t sc ien tific  observations . B o r i s o v  (1955) and  N i k o -  
n o r o v  (1963) p ro v ed  th a t reac tions to ligh t in d iffe ren t fish  species v a ry  e x te n 
sively. T h ere  a re  also o th e r fac to rs in fluenc ing  th is reac tion , like sex  and  age of 
fish , and  te m p e ra tu re , tra n sp a re n c y  and  flow  ra te  of w a te r  (P r i v o 1 n e v 1956, 
N i k o n o r o v  1963).

A ssum ing  th a t  lig h t fish ing  fo r w a te r  in v e r te b ra te s  m ay  p rov ide  as am ple 
observa tions as in the  case of fish , a re sea rch  schem e has been  designed  to  e s ta 
b lish  th e  changes in q u a lity  and  q u a n ti ty  of d ra u g h t du ring  a p ro longed  period  of 
lig h t fish in g  a t th e  sam e spot, as w ell as to  define th e  in fluence  of th e  b righ tness  
of ligh t on th e  reac tions of A rth ropoda . A s im ila r s tu d y  w as p e rfo rm ed  by the  
p re sen t au th o r  a t an  e a rlie r  d a te  (S z 1 a u e r  1969).

2. M ETHO DS

T he re sea rch  has been m ade in th e  m eso troph ic  lake  Ińsko  du rin g  A ugust and 
S ep tem ber 1968. As fish ing  im plem en ts , lig h t trap s  w ere  used, described  in 
S z l a u e r  (1969). As w h ite  ligh t sources th e re  w ere  used  18 lm  b a tte ry -fe d  bulbs, 
or 1000 lm  (100 W) bu lbs fed w ith  220 V c u rren t. M ost often , a single 1000 lm

6 — P o lsk ie  A rch iw u m  H yd rob io log ii
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lig h t tr a p  w as used, an d  th e  d rau g h ts  w ere  rep ea ted  a n u m b er of tim es a t one or 
tw o days in te rv a ls . H ow ever, to estab lish  th e  in fluence  of b rig h tn ess  of ligh t upon 
th e  am oun t of an im als d rau g h ted , tw o  tra p s  w ere  used  s im u ltaneously . A t th e  sam e 
tim e, ne ts w ere  used  to define  the  com position  of th e  fau n a  in th e  resea rch  area. 
In  bo th  net and  tra p  fish ing , an im als  w ere  condensed  by m eans of gauze w ith
0.2 m m  holes. T he re sea rch  consisted  of a n u m b er of series of d rau g h ts  w hich  w ill 
be described  p resen tly .

1. T he litto ra l an d  p ro fu n d a l lig h t tr a p  fish ing  a t one spo t to e stab lish  th e  
in fluence  of p ro longed  in tak e  upon  th e  am oun t of d rau g h t. In  th e  litto ra l, e igh t 
d rau g h ts  w ere  m ade b e tw een  A ugust 24 and S ep tem b er 10. T he spo t w as th e  
m uddy  bo ttom  a t th e  dep th  of 2.5 m , n ea r a th ick e t of M yriophy llum . T he 1000 lm  
ligh t tr a p  w as le ft th e re  fo r th re e  ho u rs  (from  7 to 10 p.m.), a f te r  w h ich  the  
d ra u g h t w as hau led  out. T he d rau g h ts  w ere  rep ea ted  a t tw o days in te rva ls . P ro 
fu n d a l d rau g h ts  w ere  m ade in  th e  sam e w ay, th re e  tim es b e tw een  S ep tem b er 12 
and  16, a t 23 m  of dep th , 500 m from  th e  shore.

2. The in fluence  of th e  leng th  of tim e  of d rau g h t upon  th e  am o u n t of in take . 
T he f irs t series of d rau g h ts  w as m ade in the  li tto ra l zone (2.5 m of depth) b e 
tw een  S ep tem ber 6 and  11. A 1000 lm  lig h t tr a p  w as in s ta lled  a t 7 p.m . an d  le ft 
u n til 5 a.m. n e x t m orn ing . T he d ra u g h t w as ta k e n  ou t tw ice, a t 10 p.m. and  a t 
5 a.m. T he sev en -h o u rs  d ra u g h t w as re -c a lc u la te d  so as to be com parab le  wnth th e  
th re e -h o u rs  in take . T he series consisted  of th re e  tr ia ls . In  th e  second, m ethod ica lly  
iden tica l series of th re e  d rau g h ts  m ade  be tw een  S ep tem b er 25 an d  30, the  light 
tra p  w as subm erged  a t 5 m  below  w a te r su rface , 500 m  from  the  shore, in  th e  
pelagic zone. T he tra p  w as ancho red  to a buoy so as to  p re v e n t w ave pitching. 
L igh t w as allow ed to beam  o u t only th ro u g h  side openings, as in b o tto m -an ch o red  
traps.

3. T he in fluence  of th e  in ten sity  of lig h t upon  th e  am oun t of an im als d ra u g h t
ed; defin ing  th e  degree  of th e  an im als a ttra c tio n  to ligh t. D rau g h ts  w ere  m ade on 
S ep tem b er 21 and  22 in th e  li tto ra l (3 m  of depth) and  from  S ep tem b er 24 to 29 
in th e  pelagic zone. L ig h t tra p s  18 lm  and  1000 lm , as w ell as nets, w ere  used in 
bo th  series. F ish ing  w en t on fo r th re e  hou rs each tim e, from  7 to 10 p.m . L ig h t- 
- t r a p  hau ls w ere  rep ea ted  no t less th a n  th re e  tim es in  each  series. To fac ilita te  
com parison  of re su lts , m ean  am oun ts of an im als d rau g h ted  in to  one tra p  du ring  
th ree  hours w ere  com puted.

D uring  th e  re sea rch  period , physica l and  chem ical m easu rem en ts  of w a te r 
w ere  taken . T he ep ilim nion  te m p e ra tu re  on A ugust 23 w as 18°C and  decreased  to 
14°C a t th e  end  of research . V isib ility  of Secchi’s circle w as 5.2 m  on A ugust 23, 
decreased  to its y ea rly  m in im um  of 4.1 m  on S ep tem b er 7, an d  in creased  again  to 
5.5 m  u n til S ep tem b er 30. O xygen co n ten t above th e  p ro fu n d a l zone bo ttom  (23 m 
of depth) m easu red  on S ep tem b er 27 w as 5.6 mg of 0 2 p e r 1 1, and  th e  te m p e ra tu re  
a t th is  dep th  w as 7.6°C.

3. R ESU LTS

Table I presents the results of repeated ligh t-trap  draughts at one 
spot in the littoral zone. In the litto ral intake, there were both coastal 
species, and those typical for the pelagic plankton. In neither of them  
any decrease in the am ount draughted, caused by the prolonged period 
of draught, was found (Table I). However, there were ra th e r large irre
gular fluctuations of the intake. They were much more m arked for the 
pelagic than for the coastal species. This is shown under the last head
ing in Table I, which shows the relations of m axim um  and minimum 
intakes (as the minimum, the lowest am ount other than zero was con
sidered). Those relations ranged from  4.5 to 65.0 for litto ral species, and 
from 9 up to as m any as 2400 for pelagic ones. For m any species of pe
lagic Crustacea, the am ounts of draught ranged from zero up to scores
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84 L. Szlauer

of thousands. Also in the series of pelagic draughts, no decrease of 
amount was found (Table II). Indeed, there was even some increase in 
three consecutive draughts, both in the first and the second half of night. 
This is illustrated  in Table II. However, the profundal data were dif-

T able II. N um ber of in d iv idua ls  caugh t into 1000 lm  lig h t tr a p  d u ring  3 h r,
pelag ic  zone

No. of ind iv idua ls  caugh t

Species
25-26.IX 28-29.IX 29-30.IX Total

before a fte r before a fte r before a fte r befo re a f te r
10 10 10 10 10 10 10 10

p.m . p.m . p.m . p.m. p.m . p.m . p.m . p.m .

Sida crystallina 625 158 380 124 1135 1245 2140 1527
Daphnia longispina 12 4 12 0 50 277 74 281
Daphnia cucullata 25 28 15 16 75 255 115 299
Bosm ina  coregoni 

crassicornis 3310 910 6045 1071 16,535 38,095 25,890 40,076
Leptodora k ind t i i 25 4 37 0 412 407 474 411
B ytho trephes

longimanus 25 0 37 0 12 13 74 13
E udiap tom us gracilis 72 13 12 9 25 54 109 76
E ury tem ora  lacustris 300 2 102 32 525 83 927 117
Heterocope

appendiculata 400 54 365 14 210 468 975 536
Mesocyclops leuckarti 37 17 27 14 0 18 64 49
T h erm ocycy lops

oithonoides 50 20 12 33 0 0 62 53
T endipedidae  non-det.  

(pupa) 38 1 61 4 95 4 194 9

Total 4919 1211 7105 1317 19,074 40,919 31,098 43,447

ferent (Table III). For most profundal species, the am ounts hauled fell 
down notably in consecutive draughts. In particular, the effect was re
m arkable for Bosmina longirostris, Pallasea quadrispinosa, and Euryte-  
mora lacustris. However, it was not observed for species draughted in 
small amounts, and for the Tendipedidae nymphs.

It was rem arkable for the litto ral zone tha t during the second half 
of night, m aterial decrease of the am ounts draughted was observed for 
the species typical for tha t zone, as well as for those which had floated 
there from the pelagic area (Table IV). Some exceptions from  this rule 
were observed, but only at the beginning of the research. The decrease 
of draughts during the second half of night was also characteristic  for 
the pelagic fauna. However, it was observed only on Septem ber 25 and 
28 trials. In the last tria l (Septem ber 29) ju st the opposite was recorded 
Table II). The Tendipedidae nym phs should be noted, as their am ount 
'ell regularly  during the second half of each night.
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Fishing of Arthropoda into light traps 85

T ab le  III. N um ber of ind iv id u a ls  cau g h t in to  1000 lm  lig h t trap , 7 p .m .-10 p.m .,
p ro fu n d a l zone

No. of in d iv id u a ls
Species L ig h t tra p  d rau g h t N et d ra u g h t

12.IX 14.IX 16.IX 16.IX

Daphnia cristata longirernis G. O. S ars 3630 70 50 14
Sim ocepha lus  ve tu lus  O.F.M. 260 230 25 14
B osm ina  longirostris O.F.M. 71,700 2770 50 0
B osm ina  coregoni crassicornis  L ill. 7700 690 100 14
Eurycercus lamellatus  O.F.M. 40 30 125 0
E ury tem ora  lacustris Poppe 23,000 2350 75 0
Cyclops scu t i fer  G. O. Sars 2840 990 25 28
M egacyclops gigas C laus 1260 590 775 243
Therm ocyc lops  oithonoides  G. O. Sars 0 200 75 43
Eucyclops serrula tus  F ischer 0 230 150 14
Ostracoda non-det. 0 0 0 57
Pallasea quadrispinosa  G. O. Sars 17 0 0 0
H ydracarina non-det. 620 2110 275 0
Tendipedidae  non-det .  (pupa) 24 42 27 0

T otal 111,091 10,302 1752 427

To facilitate analysis of results, two coefficients were introduced in 
Table V, covering brighter and dim m er light draughts, and net hauls, 
viz: (1) The A:B ratio, expressing the relation of the percentage indivi
duals caught to the 18 lm light trap  (A) to the percentage of individuals 
caught into the net (B). The ratio  defines the degree of attraction  by 
18 lm light; (2) The C:D ratio, being the relation of draughts to brighter 
(C) and dimm er (D) light traps. It shows, how m any times more effective 
the brighter light trap  was.

It can be seen from the C:D coefficient tha t all species ligh t-trapped  
in the littoral reacted much more strongly to brighter light (Table V). 
The effect was most rem arkable for the Cladocera, and most of all for 
the pelagic Cladocera, like Bosmina coregoni crassicornis, Bosmina lon- 
girostris, Daphnia longispina. It was also observed for Bythotrephes  
longimanus, but the C:D coefficient could not be computed, as the  D 
draught was zero for them. The litto ral Copepoda, in opposition to the 
Cladocera, showed much lesser increase of attraction to the brighter 
light. Also the pelagic fauna was more effectively trapped by brighter 
light (Table V). The effect was much more m arked for the  Cladocera 
than for the Copepoda in this zone, too, with one exception of Euryte-  
vnora lacustris.

The Table V data allow for comparison of the increase of draughts 
caused by the use of brighter light for the same species in different

http://rcin.org.pl
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Table V. Comparison of degree of attraction by 18 lm light trap and degree  
of effectiveness of brighter (1000 lm) light trap, in littoral and pelagial zones. 
A — %  in 18 lm trap draughts; B — %> in net hauls; C — 1000 lm  trap  

draughts; D — 18 lm  trap draughts

Species
L itto ra l Pelag ia l

A : B C : D A : B C : D

C ladocera 
Daphnia cristata longiremis 0.02 10.0
Daphnia cucullata — — 0.37 12.7
Leptodora  k ind t i i — — 1.62 51.6
Sida crystallina 0.15 15.8 — 95.1
Daphnia longispina — 96.4 0.26 16.6
Bosm ina  coregoni crassicornis 28.70 164.6 2.14 15.9
Ceriodaphnia sp. 0.07 44.8 — —
Bosm ina  longirostris 5.33 116.9 — —
Eurycercus lamellatus 2.55 56.8 — —
C amptocercus rectirostris 0.36 7.5 — —
A croperus  harpae 0.05 26.8 — —
Alona  sp. 2.07 21.2 — —

C opepoda 
Cyclops scutifer _ _ 0.19 0.02
E udiap tom us gracilis 2.64 2.8 0.37 1.9
E ury tem ora  lacustris 4.04 1.0 0 21 14.2
Heterocope appendiculata — 10.7 2.73 3.2
Mesocyclops leuckarti 0.11 100 0.21 6.9
Therm ocyc lops  oithonoides 0.34 8.1 0.02 5.0
Megacyclops v iridis 1.82 15.3 — --

environm ents. It can be seen th a t for almost all pelagic species the in
crease was much greater in the alien litto ral than in their native pelagic 
zone (Daphnia longispina, Bosmina c. crassicornis, Eudiaptomus gracilis, 
Heterocope appendiculata, Mesocyclops leuckarti and Thermocyclops  
oithonoides).

The amounts of light-trapped anim als were not only counted, but 
also their volumes were m easured (bottom deposits). Traps w ith 1000 lm 
bulbs during the first half of night (before 10 p.m.) yielded largest 
volumes. Here are some of the largest volumes hauled after 3 h r of 
action of the light trap, quoted by way of example: August 26 — 90 ml, 
August 30 — 80 ml, Septem ber 1 — 80 ml, Septem ber 20 — 90 ml, Sep
tem ber 21 — 75 ml. It m ust be emphasized tha t light draughts contained 
living animals only. There was no litte r or phytoplankton in properly  
hauled draughts. Of course it was the most num erous, as well as the 
largest species (Tendipedidae nym phs and Ephem eroptera larvae) which 
contributed most to the draught volumes.
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88 L. Szlauer

The A:B coefficient (Table V) allowed to rank the found species by 
their attraction to 18 lm light. In the ranking, only litto ral species w ere 
considered in littoral draughts, and only pelagic species in pelagic 
draughts. The decreasing attraction rank lists are as follows:

The littoral zone: Eurycercus lamellatus, Alona sp., Megacyclops 
viridis, Camptocercus rectirostris, Sida crystallina, Ceriodaphnia sp., 
Acroperus harpae.

The pelagic zone: Heterocope appendiculata, Bosmina coregoni cras- 
sicornis, Leptodora kindtii, Daphnia cucullata, Eudiaptomus gracilis, 
Daphnia longispina, Eurytemora lacustris, Mesocyclops leuckarti, C y
clops scutijer, Daphnia cristata longiremis, Thermocyclops oithonoides.

Two species can be added at the beginning of the pelagic list: Bytho-  
trephes longimanus and Megacyclops gigas. They were very strongly 
a ttracted  by light, which was proved by their high incidence in light 
draughts, while they were totally  absent from  net hauls, which reflects 
their ra rity  in the environm ent.

4. D ISC U SSIO N

One of the most rem arkable results was tha t though draughts were 
repeated several times at the same spots, and scores or even hundreds 
of thousands of anim als were caught each time, no decrease of the 
am ounts draughted into light traps was found neither in the littoral, nor 
in the pelagic zone. I could hard ly  be assumed that so ample hauls had 
not influence the supply of anim als in the tra p ’s neighbourhood. Thus, 
the efficiency of draughts ought ra ther to be regarded as the result of 
reconstruction of anim al supply during the one or two days intervals 
between draughts. This can be accounted for by active transportation 
of animals, as well as by horizontal motions of the masses of w ater 
which are typical for the littoral and epilimnion. Probably it was the 
la tte r  factor which was decisive. This factor seems also to be responsible 
for the large and irregular fluctuations in the num bers of pelagic 
anim als caught in the littoral (Table I). Tides of pelagic w aters, bringing 
pelagic animals, depended on irregular shifts of wind strength  and 
direction.

In the profundal, a decrease of the am ounts draughted in consecu
tive hauls was observed, probably caused by a too slow reconstruction 
of supplies exhausted by draughting, which was caused in its tu rn  by 
the lack of intensive currents transporting anim als in the profundal 
zone. Also the decrease of draughts during the second half of night in 
the litto ral and pelagic zones (Tables II and IV) can be regarded as re
sulting from  exhaustion of supplies near the trap. Probably the rate  of
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Fishing of Arthropoda into light traps 89

catching the animals by the 1000 lm light trap  is higher than  the rate  
of restoration of the fauna. It was only during the in tervals between 
draughts that such restoration was possible. However, th is is but 
a ten tative interpretation. The decrease of efficiency of hauls after 10 
p.m. could be brought about as well by lower activity of animals, or by 
still o ther causes. The data do not allow for unambiguous explanation 
of th is phenomenon, as well as of the increase of the draught efficiency 
in the  second half of the night on Septem ber 29-30 in the pelagic zone, 
and of some other irregularities.

From  the results here discussed some practical conclusions can be 
draw n as to the light trap  m ethod of catching invertebrates. Good re 
sults can be attained in the litto ral and pelagic zones even if many 
draughts are taken at the same spot; most ample hauls can be expected 
during the first half of night.

The increase of efficiency w ith the use of brighter light seems to be 
accountable by its more extensive range of influence. An analogous 
phenomenon was found for fish by N i k o n o r o v  (1963), thereby  pro
ving tha t invertebrates are not exceptional in this respect in the anim al 
world.

We failed to explain the difference of reaction to the increase of 
light intensiveness in Cladocera and Copepoda. It is also difficult to 
account for the observed increase of attrąction  to light in pelagic Cru
stacea in the littoral environm ent alien to them , as well as in the littoral 
species Sida cristallina in the pelagic zone (Table V). However, some 
consequences can be draw n even from  those unexplained observations. 
It can be seen tha t the reaction of invertebrates to light depends not 
only on their taxonomic position, but also on the zone of the lake in 
which the reaction is studied.

The A:B coefficient values, expressing the anim als’ attraction  to light, 
were compared w ith sim ilar data from  an earlier work (S z 1 a u e r 
1969). It tu rned  out tha t though absolute values of the coefficient dif
fered in the two studies, the rank orders of the species by their a ttrac t
ion to light rem ained almost identical. Highest and lowest ranks were 
occupied by the same species. Thus the earlier results were corroborat
ed by the more recent ones.

The 1000 lm light trap  outputs, exceeding one million of individuals, 
and reaching 90 ml of volume, suggest th a t the device can be used for 
commercial fishing for Crustacea. Moreover, anim als caught by this 
m ethod are all alive, and there is no phytoplankton m ixed w ith them. 
Another advantage of the light trap  is tha t it can be used in places 
where other methods m ight fail, like in areas w ith dense p lan t over
growth, or in the profundal zone near to bottom.
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Discussing the results of a study of invertebrates reaction to bulb 
light, the nature  of such reaction m ust be explained. It seems that the 
reaction is connected w ith the anim als’ behaviour in na tu ra l light; and 
it ought to be explained by biological factors responsible for it. N atural 
light helps the anim als in their space orientation due to its directional 
action and its gradient of intensity. L ight perm its the anim als to find 
their proper environm ents and to rem ain there. Reaction to bulb light 
is caused by the same biological mechanisms.

5. SUM M ARY

D uring  th e  su m m er of 1968, w a te r  A rth ro p o d s , m ain ly  C rustacea , w ere  caugh t 
into lig h t trap s  w ith  18 lm  and  1000 lm  bulbs. D rau g h ts  in to  1000 lm  tr a p  reach ed  
90 m l of vo lum e and  ap p roached  a m illion  of in d iv idua ls  d u rin g  th re e  hours. R e
pea ted  am ple d rau g h ts  a t th e  sam e spo t caused  no decrease  of th e  am oun ts cau g h t , 
in th e  li tto ra l and  pelag ic  zones, w h ile  it d id  have  such  e ffec t in  th e  p ro fu n d a l.
In  th e  litto ra l, ir re g u la r  and  la rg e  osc illa tions in th e  o u tp u t w ere  observed. P elag ic  
C ru stacea  occurring  in  th e  li t to ra l show ed th e  leas t consis ten t p a tte rn  of incidence. 
B e tte r  re su lts  w ere  o b ta ined  befo re  th a n  a f te r  10 p.m . B rig h tn ess  of lig h t w as 
decisive fo r th e  effic iency  of d raugh ts . M ore b rig h t lig h t caused  m u ltip le  increase  
of C ladocera  am oun t in th e  trap , b u t only a sm all inc rease  of C opepoda.

T he p a rtic u la r  species d iffe red  very  m uch  in th e ir  a ttra c tio n  to ligh t. In  the 
litto ra l, it w as h ig h es t fo r E urycercus  lam ella tus  and  Megacyclops vir idis,  and  in 
the  pelag ic  zone, fo r th e  Bythotreph.es longimanus, Megacyclops gigas, Heterocope  
appendiculata, B osm ina  coregoni crassicornis, Lep todora  kindtii .  P e lag ic  species 
show ed m uch  h igher a ttra c tio n  to lig h t in th e  li t to ra l e n v iro n m en t th a n  in th e ir  
na tiv e  pelagic area.

A 1000 lm  lig h t tra p  is a conven ien t device fo r h au lin g  la rg e  am oun ts of w a te r 
A rth ropoda. I t y ie lds d rau g h ts  co n ta in ing  an im als  only. I t is p a rt ic u la r ly  usefu l 
fo r ca tch ing  an im als in densely  o verg row n  areas and  from  over th e  bottom .

6. ST R ESZC ZEN IE

L atem  1968 r. w  jez iorze Ińsko  po ław iano  na św ia tło  staw onog i w odne, g łów 
nie sk o ru p iak i, p rzy  pom ocy sam ołów ki z ża rów kam i 18 lm  lub  1000 lm . Połow y 
na  św ia tło . B yły one pow odow ane g łów nie w ah an iam i połow ów  sk o ru p iak ó w  śród- 
90 m l objętości oraz liczyły se tk i tysięcy  osobników . W ielokro tne  dokonyw an ie  tak  
obfitych  połow ów  w  tym  sam ym  m iejscu  n ie  pow odow ało  sp adku  ich obfitości w 
lito ra lu  i pe lag ia lu , pow odow ało  n a to m ias t ta k i spadek  w  stre fie  p ro fu n d a lo w ej. 
W lito ra lu  stw ierdzono  bardzo  n ie reg u la rn e  i w ysokie  w ah an ia  obfitości połow ów  
na św iatło . Były one pow odow ane g łów nie w ah an iam i połow ów  sk o ru p iak ó w  śród - 
jez io rnych , w ystęp u jący ch  w  te j stre fie . P o łow y na  św ia tło  daw ały  lepsze re z u lta 
ty  na  początku  nocy niż po godz. 2200. D ecydu jący  w p ływ  n a  obfitość połow ów  w y 
w ie ra ła  jasność św ia tła . Z w iększen ie  jasnośc i św ia tła  w yw oływ ało  w ie lok ro tny  
w zrost połow ów  C ladocera oraz ty lko  n iew ie lk ie  zw iększenie  połow ów  C opepoda.

D ążność do św ia tła  poszczególnych g a tu n k ó w  b y ła  bardzo  różna. W lito ra lu  
najw iększą  dążność do św ia tła  w ykazały  E urycercus  lam ella tus  i M egacyclops v i 
ridis,  a  w  s tre fie  ś ród jez io rne j — B y th o trep h e s  longimanus, M egacyclops gigas, 
Heterocope appendiculata, B osm ina  coregoni crassicornis, Lep todora  k ind ti i .  G a
tu n k i śród jez io rne  w ykazyw ały  w  obcym  d la  n ich  środow isku  lito ra lo w y m  znacz
nie  w iększą dążność do św ia tła  niż na  śród jez io rzu .

Sam ołów ka ze św ia tłem  o jasności 1000 lm  je s t p rzy rządem  n ad a ją cy m  się do 
odłow u dużych ilości staw onogów  w odnych. D aje  połów  sk ład a jący  się w yłączn ie  
ze zw ierząt. Szczególnie p rzy d a tn a  je s t do w y ław ian ia  zw ierzą t z gąszczu roślin  
i znad  dna.
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A BSTR A C T

T he pap er p re sen ts  re sp iro m etr ic  tech n iq u e  of w ork , w ith  th e  use of Z e u -  
t h e  n ’s stoppered  d ivers, m ain ly  for pu rposes of ecological physio logy and  ecolo
g ical b ioenergetics. The com plete ap p a ra tu s  an d  accessory  eq u ip m en t a re  described  
as w ell as the  m an n e r of m ak in g  C arte s ian  d ivers fo r m easu rin g  of 0 2-consum ption  
and  C C k-output, an d  course of d e te rm in a tio n  of bo th  th ese  processes.

C O N TEN TS

1. In tro d u c tio n
2. G enera l equ ipm en t
3. T he s toppered  d iver for 

m easu rin g  0 2-consum ption

4. T he s to p p ered  d iv e r fo r 
C 0 2-o u tp u t m easu rem en ts

5. F in a l rem ark s
6. R eferences

1. IN TR O D U C TIO N

Since the  firs t app lica tion  of C arte s ian  d ivers by L i n d e r s t r o m - L a n g  
(1937) fo r m anom etrie  gasom etry , th is  device has been  used in a g rea t v a rie ty  of
m odifica tion  (review s in: G l i c k  1961, H o l t e r  1961, H o l t e r  a nd  Z e u t h e n
1966). The first, v e ry  b road  p re sen ta tio n  of th eo re tic a l backg rounds of C arte s ian  
d iv e r gasom etry  is g iven in a p ap e r by L i n d e r s t r o m - L a n g  (1943). P u b lished  
s im u ltaneously , H o 1 1 e r ’ s (1943) p ap er p re sen ts  a th o ro u g h  descrip tion  of m ethods 
how  to use so-called  “s tan d a rd  d iv e rs” (m ain  po in ts of these  m ethods can be also 
fo u n d  in H o l t e r  1961). Z e u t h e n  has in tro d u ced  som e essen tia l m od ifications 
by: m in ia tu riza tio n  ( Z e u t h e n  1943, 1955), co n stru c tio n  of sto p p ered  d ivers ( F r y -  
d e n b e r g  and Z e u t h e n  1960, Z e u t h e n  1949, 1950 a, b, 1955) and  of am pu la  
d ivers  ( H o l t e r  a nd  Z e u t h e n  1966, L  o v 1 i e and  Z e u t h e n  1962 a, Z a j i- 
c e k and  Z e u t h e n  1953, Z e u t h e n  1961 an d  o thers).

C artes ian  d iver gasom eter is a co n stan t volum e, chang ing  p re ssu re  system . It 
is m ean t to m easu re  th e  buoyancy  in -flo ta tio n  m ed ium  of a gas-co n ta in in g  vessel — 
th e  d iver. It is co n ta in er enclosing a gas bubb le , connected  w ith  su rro u n d in g  flu id  
m ed ium  in such a w ay  th a t any  changes in p re ssu re  on th e  m ed ium  are  tra n s fe r re d  
in to  th e  gas space in th e  d iver in te rio r. A n in crease  in p re ssu re  on th e  flo ta tion
m ed ium  brings ab o u t a decrease in gas space vo lum e in th e  d iver, w hich  m akes

1 P rep a red  fo r In te rn a tio n a l M eeting  on “M ethods of assessm en t of secondary  
p roduc tion  in fre sh w a te rs”, P rag u e  1967.
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it sink . On the  o th e r hand , a decrease  in  p ressu re  b rings a b o u t an increase  in th e  
gas volum e, and  th e  d iver m oves upw ard .

F or a p a r tic u la r  d iv e r w ith  a g iven  charge, it is gas vo lum e (“d iver c o n s ta n t”), 
w h ich  enables th e  d iver to floa t a t a ce rta in  level (the e q u ilib r iu m  m ark) in  the  
flo ta tio n  m edium . If gas is ab so rbed  or lib e ra ted  in th e  d iver th e  gas vo lum e w ill 
ten d  to co n trac t or ex p an d  b u t changes in gas vo lum e can be com pensa ted  by 
changes in th e  eq u ilib riu m  p ressu re . F u ll com pensation  is in d ica ted  by flo ta tion  
of th e  d iver a t th e  eq u ilib riu m  m ark . T his “eq u ilib r iu m  p re s su re ” change is con
tro lled  and  m easu red  m anom etrica lly , an d  from  m an o m ete r read ings th e  change 
in th e  am oun t of gas can  be ca lcu lated .

T he C artes ian  d iver gasom eter is a sens itive  in s tru m e n t since th e  eq u ilib riu m  
p re ssu re  is unstab le . In  a r is ing  d iver, th e  gas is a ffec ted  by decreas ing  h y d ro s ta tic  
p re ssu re  of th e  flo ta tio n  m ed ium ; th e  gas vo lum e ex p an d s an d  th e  d iv e r m o v e
m en t is accelera ted . S im ila r holds fo r th e  dow nw ard  m ovem en t of th e  d iver.

Of a  nu m b er of types and  m odifica tions of th e  C arte s ian  d ivers, Z e u t h e n ’s 
s to p p ered  d iver seem s to  be m ost ad eq u a te  tool in th e  h ands of a hydrob io log ist 
w ho deals w ith  p rob lem s of p roduction , and  specia lly  w ith  b ioenergetics.

T he construc tion  an d  ca lib ra tio n  of these  d ivers does not need  any  com plicated  
tools or in s tru m en ts , th e  ca lib ra tio n  itse lf being easy  an d  li t t le  tim e-consum ing . 
The d ivers a re  charged  fre e -h a n d  and  th is  p ro ced u re  is sim ple  as com pared  w ith  
th a t fo r o th e r types of d ivers of a s im ila r vo lum e (excep t fo r am p u lla  divers).

T hese d ivers m ake  possib le th e  m easu rem en ts  of bo th  0 2 consum ption  an d  CO, 
p roduc tion  a t one ru n  of observations on the  sam e ob jec t ( K l e k o w s k i  e t al. 
1967, K l e k o w s k i  a nd  S h u s h k i n a  1966 a, b, F r y d e n b e r g  a nd  Z e u 
t h e n  1960, Z e u t h e n  1949). U sing d ivers of d iffe ren t size, oxygen  consum ption  
can be m easu red  over a b ro ad  range , s ta r tin g  from  ca 1 • 10-3 pil/hr (then  an  accu
racy  of about 1 • 10~5 |il).

In  a typ ica l s to p p e red  d iver, the  head  of th e  d iver ch am b e r is d irec ted  u p 
w ards. In ac tiv e  ob jects (e.g. eggs) w ill com e to  re s t on th e  m en iscus be tw een  th e  
a ir and  w a te r, reduc ing  to  a m in im um  d iffusion  d is tance  be tw een  th e  re sp irin g  
objects and th e  d iv e r’s gas space.

I t is re la tiv e ly  easy w ith o u t any  dam age to in tro d u ce  th e  ex am in ed  o rgan ism s 
in to  d ivers and  rem ove them  a fte r  th e  com pletion  of th e  m easu rem en ts . D ue to 
th is one can ru n  rep ea ted ly  th e  reco rds of m etabo lism  of th e  sam e in d iv id u a l 
w ith in  its deve lopm en ta l cycle ( K l e k o w s k i  a nd  S h u s h k i n a  1966 a, b), fo r 
ea rly  developm ent stages, e.g. eggs ( B e r g  and K u t s k y  1951, F r y d e n b e r g  
a nd  Z e u t h e n  1960, K l e k o w s k i  e t al. 1967, Z e u t h e n  1949, 1950 a, b, 1955), 
as w ell as of the  ind iv idua ls  undergo ing  som e ex p e rim en ta l tre a tm e n ts  be tw een  
th e  m easu rem en ts  ( D u n c a n  a nd  K l e k o w s k i  1967, K l e k o w s k i  a nd  G u t -  
t o w  a 1968, K l e k o w s k i  a nd  D u n c a n  1967).

S toppered  d ivers can be m in ia tu riz ed  to reco rd  th e  0 2 consum ption  of the  
o rd e r of 1 • 10—4 p l/h r ( Z e u t h e n  1955). H ow ever, such  an  e x trem e  d im inu tion  
ren d e rs  considerab le  tech n ica l d ifficu lties so th a t fo r m easu rem en ts  of oxygen  con
sum ption  low er th an  1 • 10-3 (nl/hr, o th e r type  of d ivers seem s to be m ore  su itab le , 
nam ely , Z e u t h e n ’s am pu lla  d iv e r (L o v 1 i e 1964, L o v l i e  a n d  Z e u t h e n  
1962 a, Z a j i c e k  a nd  Z e u t h e n  1961, Z e u t h e n  1953).

F u rth e r , a m ore deta iled  in fo rm atio n  w ill be g iven  of th e  tech n iq u e  of 0 2 con
sum ption  and  C 0 2 p roduc tion  m easu rem en ts  in Z e u t h e n ’s s to p p ered  d ivers (basic 
descrip tion  in: Z e u t h e n  1950 a). As w e canno t give ex ten s iv e  d escrip tion  of the  
in s tru m en ts  and  th e ir  opera tion , th e  re a d e r  is adv ised  to look fo r d e ta iled  in s tru c 
tions and  theo re tica l ex p lan a tio n s in th e  specific li te ra tu re  on th is  sub jec t, m ain ly  
in: F r y d e n b e r g  a nd  Z e u t h e n  (1960), G l i c k  (1961), H o l t e r  (1943), H o l 
t e r  a nd  Z e u t h e n  (1966), L i n d e r s t r o m - L a n g .  (1943), Z e u t h e n  (1950 a). 
If w e can m ake  any  suggestions, it is adv ised  to  com m ence th e  read in g  w ith : 
G l i c k  (1961), H o l t e r  (1961), an d  H o l t e r  a nd  Z e u t h e n  (1966).

2. G EN ERA L EQ U IPM EN T

A la rge  w a t e r  b a t h  (Fig. 1) w ith  subm erged  flo ta tion  vessels (1) holding 
d ivers should  have te m p e ra tu re  reg u la tio n  w ith  an  accu racy  of a t le a s t 0.01°C. 
This can be ach ieved  using  a to luen  th e rm o sta t and  an e lec tric  lam p  (15) of 60-
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150 W, th e  bu lb  subm erged  in the  b a th  w a te r. F o r p rec ision  of te m p e ra tu re  re 
gu la tion  th e  re la tiv e  positions in th e  b a th  of th e  h ea t source, th e  te m p e ra tu re  se n 
sitive  e lem en t and  the  s t ir r e r  is im p o rta n t (for de ta ils  see L o v 1 i e and  Z e u 
t h e n  1962 b). T em p era tu re  reg u la tio n  can be im proved  by  an  o u te r iso lation  of 
the  b a th  w ith  po ly sty rene  foam  m ats  as w ell as by  cru d e  th e rm o stab iliza tio n  of 
the  room  in  w hich  th e  b a th  is located .

Fig. l. S chem atic  d raw in g  of C a rte s ian  d iver assem bly  (scale d is to rted ). 1 — F lo 
ta tio n  vesse l; 2 — cap; 3 — space occup ie r; 4 — d iver floa ting  a t th e  eq u ilib rium  
m ark ; 5 — d iv e r res tin g  a t th e  bo ttom  be tw een  m easu rem en ts ; 6 — m anom eter; 
7 — coarse; 8 — fine p ressu re  reg u la tio n  screw s; 9 — th e  re se rv o ir  w ith  m anom eter 
flu id ; 10 — re se rv o ir  sto p p er; 11— m an ifo ld ; 12 — a ir  bo ttle ; 13 — a ir  b rak e ; 14 — 
sy ringe  (100 m l); 15 — h ea ting  bu lb ; 16 — th e rm o re g u la to r ; 17 — s t ir r e r ;  18-21 — taps

T he w a te r  b a th  shou ld  be p ro tec ted  aga in s t v ib ra tio n s  and  th e re fo re  be p laced 
on a s tab le  base. F o r th e  sam e reason , th e  s t ir r e r  (17) canno t be a tta ch ed  to the  
b a th  fram e ; it w ou ld  be th e  b est if it  could be fa s ten ed  to  th e  w all, w ith  no con
nection  w ith  th e  w a te r  b a th  and  its base.

T he f l o t a t i o n  v e s s e l s  (Fig. 2) can  be of d if fe re n t shape  and  size. T he 
type of vesse l p resen ted  in Fig. 2 is p re sen tly  used  in ou r la b o ra to ry  (unpub lished  
data). In th e  course of m easu rem en ts , th e  en tire  vesse l to g e th e r w ith  its cap (4) 
is sub m erg ed  in th e  b a th  w ate r. Such su b m erg in g  p rev en ts  th e  p re ssu re  change in 
the  vesse l w h ich  w ou ld  have re su lted  from  th e  te m p e ra tu re  changes in th e  a ir 
su rro u n d in g  the  ba th . T he vessel a ir  vo lum e is red u ced  to its m in im um  by p lacing 
a hollow  space occupier (5) in th e  u p p e r p a r t  of th e  vessel. T he low er end  of th e  
flo ta tio n  vessel is cone-shaped  in o rd e r th a t th e  d iv e r can be cen te red  along v e r 
tical axis of th e  vessel. T here  is a h o rizon ta l re fe ren ce  lin e  (2) en g rav ed  into th e  
glass a t ab o u t o n e -th ird  th e  d is tance  b e tw een  the  flo ta tio n  liq u id  m eniscus and 
the  bottom . T he vessel is su spended  on a au tr ig g e r (9) w h ich  is m o un ted  in the  
ball jo in t (10). T he la t te r  is m ovab ly  fa s ten ed  to a v e rtic a l su p p o rtin g  rod (11) a t 
the  edge of th e  w a te r b a th  fram e. E ach vesse l is su spended  on a sep a ra te  rod, 
w hen  p u ttin g  in or rem oving  th e  d iv e r from  th e  f lo ta tio n  vessel, th e  la t te r  shou ld
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Fig. 2. F lo ta tion  vessel w ith  su p p o rtin g  device. 1 — vessel; 2 — m a rk ; 3 — d iver; 4 — 
cap; 5 — space occupier; 6 — tap ; 7 — th ick -w a lled  ru b b e r  tu b in g ; 8 — m anifo ld ; 
9 au tr ig g e r; 10 — b a ll- jo in t; 11 — su p p o rtin g  rod ; 12 — lam p ; 13 — w h ite  screen ;

14 — ca th e to m ete r

be rised  so th a t th e  e n tire  g ro u n d -g lass  jo in t is above th e  su rface  of th e  bath  
w ate r.

8-10 flo ta tion  vessels a re  connected  by a th ick -w a lled , th in -b o re  ru b b e r 
tu b in g  (Fig. 2 — 7) w ith  th e  m a n i f o l d  (Fig. 1 — 11, Fig. 2 — 8) w hose one end 
is connected  w ith  th e  m anom eter. T he m a n o m e t e r  (Fig. 1 — 6) of glass ca
p illa ry , 2-2.5 m m  of in n e r d iam eter, is 150-180 cm high. B eh ind  bo th  m anom eter 
arm s th e re  is a m m -scale . T he p ressu re  is reg u la ted  by coarse and  fine  ad ju s tm en t 
screw s (Fig. 1 — 7, 8) and  to th e  system  is a tta ch ed  a re se rv o ir  w ith  th e  m an o m ete r 
flu id . T he second arm  is connected  w ith  an  a ir b o ttle  (5-10 1) (Fig. 1 — 12) w hich 
is su b m erg ed  in th e  w a te r bath . T he a ir b o ttle  m akes th e  w hole sy s tem  in d ep en 
d en t from  changes of th e  baro m etric  p ressu re .

B ro d ie ’s so lu tion  2 is u sua lly  used as th e  m an o m ete r flu id ; 10,000 m m  of so lu 
tion  is ap p ro x im a te ly  eq u iv a len t to 760 m m  Hg.

W hen m easu rin g  C 0 2 o u tp u t in th e  sto p p ered  d ivers, a m ore  sen sitiv e  m an o 
m e te r can be necessary  (constructional de ta ils  in F r y d e n b e r g  a nd  Z e u t h e n  
1960, a descrip tion  of o th e r type  of sen s itiv e  b u re tte  m an o m ete r in: Z a j i c e k  
a nd Z e u t h e n  1961, Z e u t h e n  1953).

T he position  of th e  d iver is checked v isua lly  by m eans of a c a t h e t o m e t e r .  
The flo ta tio n  vessel is th en  illu m in a ted  by a m ovable l a m p  (Fig. 2 — 12). The

2 In  o u r p rac tice  w e used: N aB r (desiccated  in 160°C) — 44 g, w a te r  to 1 1; 1 ml
sa lt- re s is ta n t d e te rg en t and dye (e.g. E vans b lue or fluo resceine) added. Specific
g rav ity  (d2n =  1.033) a d ju s ted  w’ith  th e  use of a pycnom eter.
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ligh t source  can be coupled  w ith  th e  ca th e to m ete r, and  th en  a m a t w h ite  screen 
is p laced  b eh in d  the flo ta tio n  vessels.

T he fo llow ing tools a re  necessary  to  o p e ra te  th e  d ivers:
F o r c e p s  fo r p lacing  th e  d iver in to  th e  flo ta tio n  vessel and  for its rem oval 

(Fig. 3), (for de tailed  d escrip tion  see: G l i c k  1961, H o l t e r  1943). I t consists of 
a m e ta l tube  te rm in a ted  w ith  tw eezers (1) a t one end, m ade of sp ringy , th in  m eta l 
sheets, abou t 3 m m  broad  a t th e  d is ta l end. By push ing  knob  (2) a t th e  o th e r end 
of th e  tube , th e  m eta l rod  (3) m oves fo rw ard s  in be tw een  th e  tw eezers, causing 
th e ir  opening. W hen sp rin g  (4) w ith d raw s  th e  rod, th e  tw eezers close again.

Fig. 3. Forceps. 1 — tw eezers; 2 — knob ; 3 — rod ; 4 — spring

H o l t e  r ’ s b r a k i n g  p i p e t t e ;  one of m an y  types, easy  to m ake, is p re 
sen ted  in Fig. 4. A cap illa ry  (1) of a co n stan t in n e r d iam ete r th ro u g h o u t its en tire  
len g th  is m oun ted  in to  a glass ja c k e t tu b e  (2) by m eans of cem en t (3). T he ca
p illa ry  end  (4) w ith in  th e  ja ck e t tu b e  is d raw n  out to a h a ir - th in  tip . T he flow  
of liq u id  th ro u g h  th e  p ip e tte  is d e te rm in ed  by th e  ra te  a t w h ich  a ir  can  pass 
th ro u g h  th is v ery  fine “a ir -b ra k e ”. T he ja c k e t tu b e  is connected  w ith  a m o u n t-  
piece th ro u g h  a ru b b e r  tu b in g  (5). F o r a g iven  p ip e tte  th e  ra tio : len g th  (in mm ) 
per 1 (.il of volum e is know n. T he b rak in g  p ip e tte  allow s to m easu re  a req u ired  
gas vo lum e and  in troduce  it in to  th e  d iv e r as w ell as to d e te rm in e  an  unknow n  
gas vo lum e a t d iver ca lib ra tio n  and, also to  in tro d u ce  v e ry  fine an d  delicate, 
liv ing  objects.

Fig. 4. B rak ing  p ipette . 1 — cap illa ry ; 2 — jack e t; 3 — cem ent; 4 — a ir  b rak e ;
5 — ru b b e r  tu b in g

A m i c r o - b u r n e r  (Fig. 5) is used fo r m ak ing  th e  d ivers an d  b rak in g  
p ip e tte . I t is m ade from  an in jec tion  need le  (1). T he flam e is con tro lled  w ith  
a sc rew  clam p. T he p a rts  above m en tio n ed  can be fix ed  on a piece of angle 
iron  (3).

T h in  cap illa ries a re  cu t w ith  a d i a m o n d  m o u n ted  in a pen like  ho lder 
(com m ercially  availab le), or w ith  a ca rb o ru n d u m  piece m o un ted  in to  a p y rex  glass 
rod (in oxygen flam e).

3. TH E ST O PPE R ED  DIVER FO R  M EA SU R IN G  OXY GEN  C O N SU M PTIO N

A. D E SC R IP T IO N  OF DIVER

The diver (Fig. 6) consists of a diver cham ber (1), whose head (2) can 
be spherical. The diam eter of the cylindrical part of the diver cham ber 
can range from somewhat less than 1 mm to about 2 mm in siliconed

7 — P o lsk ie  A rćh iw u m  H yd rob io log ii
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Fig. 5. M icrobu rner. 1 — in jec tion  need le ; 2.— screw  clam p; 3 — ang le  iron

Fig. 6. S toppered  d iver. A — Schem e: 1 — d iver cham ber; 2 — ch am b er h ead ; 3 — 
gas bubb le; 4 — 0.1 N NaOH so lu tion ; 5 — hollow  glass s to p p er; B — D iver w ith  

Macrocyclops albidus  (from  K l e k o w s k i  a nd  S h u s h k i n a  1966 b)
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divers. In the cham ber head, there  is w ater with an organism (or orga
nisms). A gas bubble (3), of a known and specific volume for a given 
diver, separates the w ater filling the diver head from  a thin layer of 
C 0 2-absorbing 0.1 N NaOH solution (4). Hollow glass stopper (5), inser
ted in the neck of the diver cham ber reduces the leakage of gases from  
(or to) the interior of the diver chamber. In order to achieve a satis
factory reduction of the diffusion of gases, the contact zone betw een the 
top of the stopper and the open end of the cham ber m ust be 8-10 mm 
long. The stopper has a solid tail a t is lower end, stabilizing the diver 
in vertical position. Z e u t h e n  (1950 a) advises to use stoppers w ith 
only 3-4 times the volume of the air bubble in the diver cham ber, to 
avoid an excessive size of the whole diver. The diver cham ber and the 
stopper cross-sections are usually not circular. Accordingly, the stopper 
needs to be oriented both length- and crosswise before it can be inserted 
into the cham ber’s neck. It is inserted so deep tha t it comes close to the 
meniscus w ithout m aking direct contact. The stopper is fixed in this po
sition by gently tw isting it untill m echanical resistance is felt. Through 
the stopper-neck clearance the changes in pressure, affecting the flo ta
tion medium (also 0.1 N NaOH), were transferred  into the gas bubble 
in the diver chamber.

B. M A K IN G  THE DIVER

To make divers of 1-2 pi gas volume, it is necessary to draw  capil
laries from pyrex, rasotherm  or other hard  glass in a broad oxygen 
flame. Soft glass is less convenient because of its lower mechanical and 
chemical resistance. The ratio betw een inner and outer diam eters of 
glass tubing for draw ing the capillaries should be about 0.9. Capillaries 
can be draw n from  such tubes so tha t the ratio in ternal/ex ternal dia
m eter is essentially m aintained. If tubes w ith thicker walls are only 
available, it is necessary to blow out slightly the heated section of the 
tube and imm ediately draw  the capillary. In such capillary the wall will 
be relatively th inner than in the initial m aterial. It is desirable (1) to 
have the finished diver float w ith stopper downwards. This requires 
a somewhat extended tail. It is also desirable (2) to have m echanically 
stable divers which requires not too thin glass. On the other hand (3) the 
ratio between volume of stopper (gas enclosed) and volume of com
pressible air (’’diver constant”) should not be excessively high (maximum 
3-4), because this will make the diver react sluggishly to pressure 
changes. The m aker of a stoppered diver m ust make his own compro
mise considering in each situation the relative im portance of the three 
points named above.
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The technical steps in making the diver (Fig. 7) should be as follows:
1. Select two sections from the same tubing, one section fit inside 

the other. 2. Insert the broader piece of the capillary into a bored hole 
in a rubber stopper which is fitted  into a glass jacket, to the other open

end which is attached a rubber tube with a mouthpiece. Using a micro
flam e m elt one end of the tube. 3, 4. Close the head of the diver with 
another piece of glass. 5. Heat the diver head uniform ly on all sides. 
6. Gently blow ou,t the diver head and cut off excess length. 7. Find 
suitable length of tubing for stopper. 8. Close stopper end as shown in 
2, 3 and 4; collapse by sucking in the closed end to fla tten  it. At suitable 
point, m elt and thicken wall to form  the stopper tail, close the stopper 
tail. 10. Shape the stopper tail. 11. Insert stopper into the cham ber and 
close firm ly by turning delicately the stopper. Before the newly fabri
cated divers can be used for 0 2 m easurem ents, they have to be tested 
for tightness against this gas. For this, the divers m ust be charged 
according to the instruction given below, however w ith no organisms 
consuming oxygen put in the diver head. Thus charged divers should 
be placed into the flotation chambers, filled w ith  flotation m edium  sa
tu ra ted  wTith air. Then, m easurem ents of the equilibrium  pressure should

Fig. 7. M aking th e  d iver. F o r e x p lan a tio n  see te x t
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run  for about 2 hours, at 15 min intervals. Later on, the flotation vessels 
m ust be opened and the flotation medium well sa turated  (by bubbling) 
w ith  nitrogen for half an hour. A fter closing again the flotation vessels, 
fu rth e r m easurem ents of the equilibrium  pressure should be carried out 
for about 2 hours. The difference in the equilibrium  pressure betw een 
all records as well as between the m easurem ents taken in air- and in 
N2-sa tu ra ted  media should not exceed ca 3-5 mm.

C. M A K IN G  A N D  C A L IB R A T IN G  THE B R A K IN G  P IPE T T E

Capillary tubing for a H o 11 e r ’s braking pipette m u s t  have con
stan t cross-section surface a t its entire  length. The walls should not be 
too th in  if a pipette of a satisfactory mechanical resistance is desired. 
The m aking procedure (Fig. 8) is as follows: 1. Heat a capillary tube at 
one point. 2. Take the capillary off the flam e and draw  out quickly to

Fig. 8. M aking  and  ca lib ra tin g  a b rak in g  p ip e tte . F o r e x p lan a tio n  see te x t

a very fine bore, cut in two. Place the wide bore end into w ater and 
check if about 2-3 mm of w ater enters in 1 second. If less, then break 
off short piece of fine bore and test again. 3. Seal capillary w ith sealing 
wax (e.g. DeKhotinsky cem en t3) into an open-ended tube, fine bore 
Inside. 4. Draw up a drop of m ercury into the capillary and m easure its 
length at d ifferent parts of the capilary; it m ust be of the same length

* D eK hotinsky  cem ent: 80 g of shellac  is added  in sm all am oun ts to 30 g of 
h ea ted  p ine ta r . S tir  a t fre q u e n t in te rv a ls  fo r 3-4 hou rs and  m a in ta in  a t 130°C or 
s ligh tly  low er.
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throughout (i.e., the capillary m ust have a constant bore). Rinse free of 
Hg. 5. Draw up some w ater into the capillary, m easure its length with 
m illim eter graph paper and blow out into a weighing dish. Weigh the 
water. Calculate the length (in mm per 1 pi volume) taking the density 
of w ater to be 1. Note: m ercury is not appropriate fluid for calibration 
since the pipette is m eant to m easure the gas volume which is left 
between the w ater menisci and w äter-coated capillary, walls.

The braking pipettes can be cleaned with concentrated H2S 0 4; then 
rinsed several times w ith distilled w ater. How to remove +he fluid from 
the fine bore tip — consult G l i c k  1961.

D. C A LIB R A T IO N  OF THE DIVER

In order to determ ine the volume of air needed to float the diver, 
the following procedure is recom mended (Fig. 9): 1. Fill diver chamber 
with w ater (e.g., in the way as in Fig. 12). Subm erge the diver chamber 
and add an air bubble of desired volume with a braking pipette. 2. Close 
the diver cham ber w ith the stopper, tu rning gently until firm. 3. Try to 
float the diver in flotation medium. 4. If the diver sinks, remove glass 
from the stopper tail; if it rises, add glass to the stopper tail. Repeat

Fig. 9. Calibration of divers. For explanation see text
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until the diver floats. 5. Suck up the air bubble into a braking pipette. 
6. M easure length of air bubble w ith mm graph paper. Calculate volume 
of air bubble. Record the num ber of the calibrated diver and its bubble 
volume (i.e., diver constant).

E. FIL L IN G  OF THE D IV ER S

A fter preparing the divers as described in the section on ’’cleaning 
the divers” (page 107), the sequence of m anipulations is as follows (Fig. 
10): 1. Rinse the diver cham ber m any times w ith w ater from a pipette 
connected w ith a mouthpiece, and leave the diver filled w ith w ater.

Fig. 10. F illing  th e  d iver. F o r e x p lan a tio n  see te x t

2. Drop from a pipette an immobile experim ental organism  into the 
diver cham ber so that it sinks to the head bulb. 3. An organism which 
moves can be pushed into the cham ber by means of a w ater meniscus 
which moves downwards in the pipette. 4. A small, moving object can 
be driven into the diver head bulb w ith a braking pipette. 5. Draw into 
the braking pipette the volume of air necessary to float this particu lar 
diver. 6. Insert air bubble into the neck of diver cham ber behind the 
w ater with the organism. 7. Introduce a fine bore pipette with 0.1 N 
NaOH in the neck of the diver. The w ater behind the air bubble is re-

http://rcin.org.pl



104 R. Z. K lekow ski

placed with alkaline solution; take care not to expel the air bubble from 
the diver neck. 8. Close the diver cham ber by inserting the stopper,
under 0.1 N NaOH solution in the dish, tu rning it gently  until firm.
N.B.: the stopper should be inserted slowly to allow the excess of NaOH 
solution to flow out through the clearance between the cham ber wall 
and the stopper: avoid an excessive compression of air bubble and shift
ing the meniscus.

It is suggested to perform  all these m anipulations w ith bare hands; 
operation gloves are not recom mended since they hinder the work. 
A short contact w ith alkaline solution does not make much damage to 
the skin. To avoid contam ination at charging the next diver, it is
necessary to wash hands carefully, to remove alkalies.

F. M EA SU R E M EN T S A N D  C A LC U L A T IO N S

The sequence of m anipulations when m easuring 0 2 uptake is as 
follows (Fig. 1):

Close tap 18 (this prevents draw ing in the m anom etrie fluid into the 
flotation vessels). Open tap 19 to the atm osphere and open tap 21, tu rn  
3-way tap 20 so that the system is open to atm osphere, close it after, 
say a few seconds. Lift up the flotation vessel along the supporting rod 
so that the entire ground-glass joint emerges above w ater surface. Open 
the flotation vessel.

The flotation medium  should be saturated  w ith air free of C 0 2 before 
introducing the diver. Carbon dioxide is rem oved from  air by means of 
bubbling washer w ith NaOH solution and a mist trap. Then the air is 
introduced through a thin polyethylene capillary onto the bottom  of the 
flotation vessel. Put the diver into flotation medium  in the vessel, cover 
the vessel w ith cap (2), and secure w ith rubber rings. Lower the vessel 
into w ater, close tap 21 and record the hour and m inute. Repeat for each 
flotation vessel.

Now it is necessary to determ ine the initial equilibrium  pressure for 
each diver. Open tap 19 and set the m anom eter fluid half way up both 
arms. Check the equilibrium  pressure for each diver as follows: close 
tap 19, open tap 21 and w ith help of pressure regulator (screws 7 and 8) 
establish the diver at equilibrium  level. The position of the diver at 
equilibrium  level is a rb itrarily  taken as that at which the top of the 
diver cham ber coincides with the m ark on the vessel or the cross-hair 
in the cathetom eter. The initial difference between the levels of Bro- 
d ie’s fluid in the both arm s of the m anom eter (Px in Fig. 1) should not 
exceed ca 20 cm; tha t is, the diver has been filled w ith air w ith an 
accuracy of ±2% of the ’’diver constant” of this particu lar diver. After 
recording the time and initial equilibrium  pressure (0.5 mm accuracy),
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increase it by about 50 mm (then the diver will sink) and close tap  21. 
At the m easurem ent intervals the diver should rest a t the bottom  of the 
flotation vessel.

N.B. T h ere  m ust be n o  a i r  b u b b l e s ,  not even  a m in u te  one, on th e  o u te r 
su rface  of th e  diver. T hey  m u st a ll be  rem oved  a f te r  th e  d iv e r has been p laced  
in to  th e  flo ta tio n  vessel, or even d u rin g  th e  m easu rem en t run , if th ey  th en  ap p ear.

At time intervals chosen for a given experim ent (e.g., every 15 min), 
repeat m easurem ents of the equilibrium  pressure in the following way:

Using screws 7 and 8 (if necessary also a large syringe 14 connected 
w ith the system  through air-brake 13, and tap 19), set the m anom eter 
fluid approxim ately at the equilibrium  pressure obtained for that diver 
at the previous m easurem ent, plus 50 mm. This, will equalize the pres
sure over the flotation medium and tha t in the rest of the system.

Open tap 21. Slowly reduce the pressure until the diver begins to 
float. If the pressure is already m uch lower (usually by about 10 cm) 
than the previous equilibrium  pressure, but still the diver lingers a t the  
bottom  and does not float, then tap  gently the vessel cover until it 
moves up.

A lter the pressure with screws 7 and 8 so th a t the diver rem ains at 
the equilibrium  level for at least 10 seconds w ithout any fu rther control. 
Record the time and the level of the m anom etrie fluid in both arm s to
0.5 m m  accuracy. Increase the pressure by about 50 mm and close tap  
21. Calculate the m easured equilibrium  pressure (P2 in Fig. 1).

When the m easurem ents are finished, close tap 18 (!), open taps 21, 
19 and 20. Remove vessel cap 2 and take the diver out. Replace the 
cover (without the rubber rings).

The organism examined can be rem oved from  the diver w ithout any 
damage. In order to do this: Remove the stopper under w ater surface 
in P e tri dish. Rinse w ith w ater the NaOH solution from the diver 
cham ber neck (as in Fig. 10 — 7). Drawn out under w ater gas bubble 
w ith a braking pipette. Keep the diver cham ber vertically  w ith its 
opening under w ater surface; inactive objects drop down onto the dish 
and active organisms — flow out.

Table I and Figure 11 illustrate  the records of the m easurem ents of 
0 2 consumption by 3 copepodites-I of Macrocyclopus albidus (Jur.) (data 
sheet from: K l e k o w s k i  and S h u s h k i n a  1966 b). For each diver, 
the following were recorded: time, m anom etrie fluid level in the left 
and right arm, and the difference betw een them  i.e., equilibrium  pres
sure (P in Fig. 1).

The equilibrium  pressure values of the consecutive records for each 
diver are m arked on m ilim eter graph paper (Fig. 11): abscissa — time, 
usually  1 min =  1 mm; ordinate — equilibrium  pressure, usually 1 m m  
Brodie =  1 mm). Figure represents the m easurem ents listed in Table 1.

http://rcin.org.pl



106 R. Z. K lekowski

T able I. E xam ple  of th e  reco rds of m easu rem en ts  of 0 2-con su m p tio n

M a c r o c y c l o p s  albidus  (Jur.) c o p e p o d ite - I T em p . 21° C 
9.1.1965

N o. o f  d iver: 130 N o. o f d iv er : 131 N o . o f  d iver: 138

V g = 1.49 id Vg = 1.43 fd Vg = 1.30 [d

(9sa) (958) d o 48)

M a n o m eter M a n o m e te r M a n o m eter
T im e rea d in g s  (m m) P T im e r ea d in g s  (m m ) P T im e r ea d in g s  (m m ) P

le f t r ig h t le f t r ig h t le f t r ig h t

95« 873 878.5 — 5.5 10"2 428 459 — 31 1022 368 226 +142
1012 440 487 47 1040 387.5 257.5 130

1088 862.5 888 25.5 l l oa 443.5 501.5 58 l l 10 455.5 339 116.5
IT 1 868 905 37 112‘ 429 498.5 69.5 U » 370 264 106
n e. 879 927 48 l l 41 444 520 76 l l 38 355.5 259.5 96
1210 845 910 65 1215 427 516 89 1222 356 271.5 84.5
1251 847 929 82 125‘ 436.5 541.5 105 13°“ 337.5 272 65.5
131’ 843.5 934 90.5 13“ 435.5 548 112.5 1322 348 292 56
14«. 852 966.5 114.5 14'3 424 557.5 133.5 1422 324 291 33

AP =  25.5 m m  hr Ap =  22.0 m m /h r Ap =  26.5 m m /h r

AV i.49 • 25 5 „ „
=  ------------- • 0.93 -

10.000
1.43-22.0

AV -- ---------------- 0.93 =
10.000

1.30-26.5AV =  -------------- 0.93 =
10.000

—- 3.53 • 10 3 fil/hr =  2.93 • 10" 3 [d/hr =  3.20 • 10 3 ,nl/hr

Fig. 11. R esp ira tion  of Macrocyclops albidus,  copepod ites-I; 21°C. L eft scale  for 
d ivers 130 and  131, r ig h t scale — fo r d iver 136

Using a lucite rule with parallel lines, estim ate the slope curves and 
calculate the average equilibrium  pressure difference, A P, per hour 
(Fig. 11). The initial period of m easurem ents, when gas equilibrium  in 
the system  gains its steady state, is not taken into account.
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When no correction is required  for the  solubility of the gas in the 
liquids in the diver, the oxygen consumption per hour is calculated from 
the following formula:

Vg • AP 273
A V o 2 =  — "  *

2 Po T
where: Vg — air bubble volume (diver constant), AP — the equilibrium  
pressure change in mm per hour, P 0 — the norm al pressure (10,000 mm 
Brodie sol.), T — tem perature in K elvin’s scale (calculations exemplified 
in the lower part of Table 1).

G. C LEA N IN G  A N D  SIL IC O N IN G  THE DIVER

According to Z e u t h e n ’s (1955) advice, the diver stopper and 
cham ber are rinsed in concentrated H2S 0 4, and successively in a num 
ber of fresh portions of distilled w ater. The diver cham ber is rinsed 
always by sucking large am ounts of fluid into the pipette which is in
troduced deep into the subm erged cham ber (Fig. 12). L ater on, the 
divers are dried up at 105 C, each diver in its labelled P etri dish.

Fig. 12. C lean ing  th e  d iver

There is a risk of creeping the fluids, along the cham ber walls w ith
in the air bubble. This is especially true for divers of wide bore. It can 
lead to mixing the NaOH solution w ith w ater holding an organism.
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Coating w ith silicone has been introduced by S c h w a r t z  (1949 and 
W a t e r 1 o w and B o r r o w  (1949) (see also: G 1 i c k 1961 p. 68; H o l 
t e r  and Z e u t h e n  1966). In our practice, a weak kind of siliconing 
was used. A fter each cleaning the cham ber was filled w ith 5% v/v 
(CH3)2 SiCl2 in CC14, and heated to 180°C for 1 hr. Before charging, the 
cham ber was rinsed m any tim es with w ater, as described above.

4. ST O PPE R ED  DIVER FO R  C 0 2-0 U T P U T  M EA SU REM EN TS

This type of divers has been introduced by Z e u t h e n  (1949); full 
description in: F r y  d e n  b e r g  and Z e u t h e n  1960, theoretical basis 
in L i n d e r s t r o m - L a n g  1943, H o l t e r  1943. This diver (Fig. 13), 
allowing to m easure 0 2 consumption and C 0 2-output in the same run 
of m easurem ents, differs from  the one described earlier (Fig. 6) in the 
following features:

The volume of the pressure sensitive gas bubble m ust be enlarged 
so that the ratio of volume of fluids (in diver head and in diver cham-

A. D E SC R IP T IO N  OF THE DIVER

Fig. 13. T he d iver fo r C 0 2-o u tp u t 
m easu rem en ts . 1 — d iver cham ber; 
2 — cham ber head  (con tains w a te r  
vo lum e V fd; 3 — gas bubb le  (volu
m e Vfi); 4 — 0.1 N N aO H  so lu tion  
(volum e Vf?); 5 — hollow  gas sto p p er
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ber neck over the stopper) to the volume of gas phase is ^ 0 .2 .  With 
such ratio, the m ajor part of released C 0 2 (when it is not absorbed) 
appears as gas and is m anom etrically m easurable. Such condition in
volves the necessity of a possibly highest reduction of liquid phase 
volume in the diver, i.e., th a t of the w ater holding an anim al (Vfl) and 
of the fluid over the stopper (Vf2). For example, F r y d e n b e r g  and 
Z e u t h e n  (1960) used divers w ith ratio Vf/V g =  0.14-0.20 (Vg =  8.5, 
14.1 gl). In our practice ( K l e k o w s k i  and S h u s h k i n a  1966 b) on 
Macrocyclops albidus: Vf/Vg ^  0.15-0.17; Vg ^  20-23 gl; on the eggs and 
freshly hatched larvae of Tribolium  ( K l e k o w s k i  et al. 1967): Vf/Vg 
^  0.05; Vg ^ 1 0  gl.

The relatively large gas phase volume in the diver allows m aking 
the diver from  capillary tubing w ith thicker walls; the ratio of inner/ 
/outer diam eter can be ^  0.8.

A fter completing the calibration of the diver, two m arks should be 
made on the menisci of the gas bubble. They should be very thin. Black 
glass paint can be used; after drying, scratch excess paint and heat the 
diver cham ber in the oven to the tem peratu re  appropriate for this paint 
(usually some 500°C).

Sim ilarly as for the above described divers for 0 2-consum ption 
m easurem ents, it is necessary to test each diver for tightness to C 0 2 
(a very im portant step, should not be overlooked!). For testing arrange
m ents the following calculation can be useful. Even at a very high rate  
of 0 2-consumption, e.g. in freshly hatched Tribolium  larvae: 70 • 10~3 
gl/larva • hr, the am ount of C 0 2 in the diver, w ith Vg ^  10 gl, w ill in
crease after 3 h r (without C 0 2 absorbtion) to ca 2% v/v of C 0 2. Thus, 
it will be satisfactory to fill the diver w ith gas holding 3% v/v of C 0 2. 
The diver w ith no organism  in it is filled under the surface of w ater 
saturated  with appropriate m ixture of gases. This gas m ixture is draw n 
into the braking pipette from  the tube outlet which releases slowly the 
gas and is subm erged under the w ater surface in the same dish (Z e u- 
t h e n  1946). The m easurem ents of equilibrium  pressure should be 
carried out w ith 0.1 N HC1 as a flotation medium; the same fluid should 
be over the stopper in the diver cham ber neck (m anipulations will be 
described fu rther in the text). The m easurem ents will last for several 
hours.

Now it should be evaluated w hether the observed C 0 2 leakage is 
permissible for planned m easurem ents. L et us m ention two exam ples 
(from our experience):

1. Macrocyclops albidus, adult female; in the diver w ith Vg =  20.8 gl, 
Vf =  3.22 gl, Vf/V g =  0.16. M easured C 0 2-ou tpu t =  23 • 10“3 gl/hr.

2. Tribolium castaneum, larva 30 hrs after hatching; in the diver
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w ith Vg — 11.0 [il, Vf — 0.2 fil, Vf/Vg — 0.02. M easured C 0 2-ou tpu t — 
65.4 • IO"2

Let us assume that the perm issible C 0 2 leakage from  the diver can 
am ount to 1-2% of the rate  at which it is being form ed, and that, for 
example, our newly m ark and tested diver (with 3% v/v C 0 2 in gas 
phase) leak 1 • 10-3 jil C 0 2/hr, i.e. A P =  1 mm Brodie fluid in the ordi
nary  m anom eter system, if Vg =  10 gl. Therefore, the diver will fit for 
C 0 2-output m easurem ents in Tribolium  larvae (leakage of C 0 2^ 1 .5 %  
of its production rate), however at m easurem ents w ith M acrocyclops 
adult, the loss of C 0 2 will be somewhat too large (f==, 4% of production). 
Note: an ordinary m anom eter (as in Fig. 1) can be used only in the case 
of objects whicji both intensively consume 0 2 and produce C 0 2. In m a
jority  of cases, however, more sensitive m anom eters should be used, of 
the type described in F r y d e n b e r g  and Z e u t h e n ’s paper (I960, 
also in H o l t e r  and Z e u t h e n  1966) or a burette-m anom eter ( Z e u 
t h e n  1953, Z a j i c e k  and Z e u t h e n  1961, H o l t e r  and Z e u 
t h e n  1966).

B. FIL L IN G  IN  THE DIVER A N D  M EA SU R E M EN T S

The sequence of m anipulation should allow to calculate the volume 
of the liquids filling the diver as well as to run a lternately  m easurem ents 
w ith absorption and w ithout absorption of C 0 2, released by an organism. 
To achieve this, the following procedure are adapted:

1. Fill half of the flotation vessels w ith 0.1 N NaOH and the other 
half with 0.1 N HC1. 2. Weigh together the dry diver cham ber and 
stopper, to an accuracy at least 0.05 mg, or higher, Wf. 3. Fill the diver 
cham ber with w ater, insert an animal, remove excess w ater by m eans 
of a braking pipette so tha t the w ater meniscus will drop tow ards the 
’’upper” mark. Weigh then together the cham ber and stopper, W2. 4. In
sert the stopper into the diver cham ber neck, fill the clearance betw een 
the cham ber and stopper with w ater (put a droplet of w ater a t the rim  
of the chamber), remove excess w ater, weigh the diver, W3. 5. U nder 
w ater after having rem oved the stopper, suck out such am ount of air 
from  the diver cham ber neck tha t the w ater meniscus will coincide 
w ith the ’’low er” m ark. Insert the stopper, try  the diver to float, if the 
deviation of initial equilibrium  pressure from  zero level is too high, add. 
or remove a tiny quantity  of air w ith a braking pipette, then weigh 
again, W4. 6. Calculate: (a) Volume (1 mg =  1 gl) of w ater in the diver 
head: Vfi =  W2 —W4; (b) volume of the liquid over the stopper: Vf2 — 
W4 — W3; (c) volume of space between the cham ber and stopper =  W3 
— W2. The la tte r  value perm its (see: F r y d e n b e r g  and Z e u t h e n  
1960) to evaluate the expected ra te  of C 0 2 leakage from  the diver and to
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compare w ith empirical data obtained earlier. Values of Vfi and Vf2 should 
be determ ined before each run  of m easurem ents. 7. Place diver in a spe
cimen tube with 0.1 N NaOH, close the tube w ith the rubber stopper. 
There is a glass tube going through the rubber stopper, connected w ith 
a mouthpiece through a rubber tube. By altering the pressure, rinse out 
(several times) the w ater from  above the stopper and replace w ith NaOH 
solution. Note: prevent from allowing some air into the space betw een 
the cham ber and stopper! 8. Pu t the diver into the flotation vessel w ith 
NaOH solution and carry  out the first series of m easurem ent of P (oxy
gen consumption), e.g. for 2 hours. 9. Remove the diver from  the flo ta
tion vessel, again place diver into a specimen tube, this tim e w ith w a
ter, and in the same way replace NaOH solution w ith w ater. 10. P u t the 
diver into the flotation vessel w ith 0.1 N HC1, in the same way, replace 
w ater with HC1 (use tap 19 and syringe 14 in Fig. 1; tap 18 m u s t  be 
closed!). C arry out the m easurem ents of P  (C 02-output). 11. Remove the 
diver from  the flotation vessel w ith HC1, put into a specimen tube and 
replace HC1 with w ater. 12. R eturn the diver to the flotation vessel 
with NaOH solution. C arry out the second series of m easurem ent of P 
(oxygen consumption). Note: NaOH solution should not be replaced di
rectly w ith HC1 and vice versa, since then undesired release of C 0 2 
takes place (from Na2C 0 2, which can be always found in NaOH solutions 
which are in contact with atmosphere).

C. C A L C U L A T IO N S

Denotations: Vfi — volume of the w ater holding an anim al ([il); V C2 
— volume of the fluid in diver cham ber neck over the stopper (gl); Vf — 
sum of fluids volume (ul); Vg — volume of the gas phase (u l);A 'P — the 
equilibrium  pressure change in mm per h r when C 0 2 is absorbed (0.1 N 
NaOH in flotation vessel and in the neck); A " P — the equilibrium  pres
sure change in mm per h r when C 0 2 is not absorbed (0.1 N HC1 in flo
tation vessel and in the neck); V0 2 — volume of consumed 0 2 (gl per 
hour); AVco2 — volume of produced C 0 2 (ql per hour); P 0 — norm al 
pressure (10,000 mm Brodie); T — tem perature  of the system: c /C 02 — 
absorption coefficient of C 0 2 in the liquid phase at the experim ental 
tem perature  (and n o t  at 0°C), this is volume of gas dissolved per vo
lume of liquid (compare: L i n d e r s t r o m - L a n g  1943, p. 371). a 'C 0 2 
for 0.1 N HC1 is only negligibly (< 0 .5 % ) different from  this for H20.

Oxygen consumption is calculated from  the form ula given on page 
107. Two runs of m easurem ents w ith C 0 2-absorption should be averaged 
for calculation of A'P. The C 0 2-output is calculated from  the form ula:

V f • a C 0 2 \  /Vg • A "P  273 
AVco2 =  (1 +  1 • (— ----   • ---------- AVo;

V „  M  P 0 T
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The following exam ple can be useful: it is a fu rther description of 
the Tribolium larva m etabolic m easurem ent, given on pages 109-110.

11.0*69.0
AVo2 — *nrnn  * 0.90 — 68.3 • 10-3 }.d/hour 

lU,uUU
/ 0.2* 0.76 V / 11.0 -3.8 \

A V co2 =  ^1 +  • 0.90 —  0.0683) I =  65.4 • 10-3 ^1/hour

N ote: T he 0.1 N N aOH  and  HC1 so lu tions have  d iffe ren t specific g rav ities . T hus 
it is conven ien t to c a lib ra te  th e  d iver in such a w ay  th a t  its eq u ilib riu m  p re ssu re  
in NaOH is som ew hat above zero. A lthough  th e  eq u ilib r iu m  p re ssu re  in  HC1 is 
c lea rly  low er (for th e  exam ple  d iscussed here, it is ab o u t 300 m m  B rodie solu tion) 
it does not affec t sign ifican tly  th e  C 0 2 o u tp u t calcu la tions since du rin g  th e  m e a su 
rem en ts  w ith o u t C 0 2 ab so rp tion , th e  change in th e  gas am oun t is re la tiv e ly  sm all.

5. F IN A L  REM ARK S

C arte s ian  d iver m ic ro re sp iro m ete r, w ith  a ll its ad v an tag es has also som e u n 
fav o u rab le  p ro p ertie s , w h ich  one shou ld  bear in m ind , w hen  using th is  techn ique .

T his is re sp iro m e te r of a “closed v esse l” type. In  th e  course of m easu rem en t, 
th e  concen tra tion  of oxygen decreases and  th a t of m etabo lites increases (com pare 
also: W in  b e r g  a nd  B e l y a t s k a y a - P o t a y e n k o  1963, Z e i s s  1963). T his 
shou ld  be tak en  in to  accoun t w h ile  p lann ing  th e  size of d ivers and  th e  d u ra tio n  
of m easu rem en ts . T he 0 2 concen tra tio n  decrease shou ld  no t b rin g  abou t a s ig n i
fic an t (for a p a rt ic u la r  m easu rem en t) decrease in its consum ption  (for m ore in fo r
m atio n  on “oxygen co n ten t — re sp ira tio n  in te n s ity ” p rob lem , see B e a d l e  1961). 
In  th e  ea rlie r  exam p le  (T able 1, Fig. 11), th e  oxygen  re se rv e  in th e  d iv e r w as 
ca. 0.3 M-l. W ithin  5 -h o u r m easu rem en t, 0.015 nl of oxygen w as consum ed, i.e., ab o u t 
5%  of th e  in itia l q u an tity . F rom  th e  ava ilab le  da ta , it can  be assum ed  th a t  such  
a decrease  in  oxygen co ncen tra tion  w ould  no t cause any s ign ifican t change in r e 
sp ira tio n  in ten sity  of M acrocyclops.

T he am oun t of w a te r  (and th e re fo re  the  d iffusion  d is tance  fo r th e  gases) 
can n o t be en la rg ed  in fin ite ly . In  sp ite  of ad v an tages of Z e u t h e n ’ s sto p p ered  
d ivers, such en la rg em en t h inders  th e  d iffusion  of gases and  a tta in m e n t of e q u i
lib riu m  (discussion of th is p rob lem  in: H o l t e r  1961, H o l t e r  a nd  Z e u t h e n  
1966, L i n d e r s t r o m - L a n g  1943).

A t in v estig a tin g  m etabo lic  ra te s  of d iffe ren t an im als , one should  be conscious 
w h ich  ecological v a lu e  of th e  m etabo lism  has been  m easu red  in th e  d iv e r fo r 
a p a rt ic u la r  stu d y  object. T his w ill depend  on th e  re la tio n  of th e  liv ing  space  in 
th e  d iver to th e  size of the  o rgan ism  tes ted  and  th e  degree  of its ac tiv ity . F o r 
exam p le , in th e  d iver w ith  3-4 fxl of w a te r space, th e  ac tiv ity  of P ro tozoa  w ill be 
on ly  sligh tly^  re s tr ic ted , an d  the  m easu red  in ten s ity  of th e ir  m etabo lism  w ill be 
close to the  “A ctive M etabolic  Ra£e” (or “A verage  M etabolic R a te”). On th e  o th e r 
h and , in th e  sam e d iver, th e  re su lts  fo r ad u lt C opepoda w ill co rrespond  ra th e r  to 
the  “R esting  M etabolic R a te”.
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NOTICE TO A U TH O R S

P olsk ie  A rc h iw u m  Hydrobiologii  p u b lish es p ap e rs  in  ev e ry  fie ld  of h y d ro b io 
logy. O nly  w orks no t su b m itted  e lsew h ere  a re  accep ted .

L e n g t h .  Succinctness of sty le  is a p re req u is ite . In  genera l, p ap e rs  a re  lim ited  
to  16 p rin te d  pages, inc lud ing  illu s tra tio n s , re fe ren ces  etc.

L a n g u a g e s .  P ap e rs  a re  p u b lished  in  th e  offic ia l congress lan g u ag es of So- 
c ietes In te rn a tio n a lis  L im nologiae, i.e., E ng lish , F rench , G erm an  and  I ta lia n . W orks 
su b m itted  in  Polish  w ill be tra n s la te d  in to  E ng lish  by th e  E dito rs. T he A u th o rs  a re  
re q u ire d  to  quote E nglish  eq u iv a len ts  of a ll th e  specia l te rm s th ey  em ploy , accord ing  
to th e  usage  cu rre n t in  E nglish  an d /o r A m erican  sc ien tific  pub lica tions. A tr a n s la 
tion  w ill be supplied  to the  A u th o r fo r a v erific a tio n . T he fin a l touch  m u s t be m ade 
a t th a t  phase . No am en d m en ts  o th e r th a n  p u re ly  tech n ica l w ill be a llow ed  in 
p roo fread ing .

P a p e r  a r r a n g e m e n t .  A p ap er should  be a rra n g e d  as follow s: 1. A B STR A C T 
— a b r ie f  re p o r t of th e  topic, re su lts  an d  conclusions, no t exceed ing  100 w ords, 
2. IN TRO D U C TIO N  — con ta in ing  a fo rm u la tio n  of th e  sub jec t, a s ta te m e n t on its 
a c tu a l s tag e  of e labo ra tion , and a c lea r d efin itio n  of th e  a im  of th e  p ap e r, 3. M A 
T E R IA L  and  M ETHODS — th e  descrip tion  m u s t be su ffic ien tly  d e ta iled  to  enab le  
a re p e titio n  of the  p rocedu re  by o th e r re sea rch e rs , 4. R ESU L TS — o n l y  th e  re su lts  
a tta in e d  in  th e  w ork  should  be d ea lt w ith  u n d e r th is  head ing , 5. D ISC U SSIO N  — 
a com parison  of th e  re su lts  b ro u g h t by th e  p a p e r w ith  re su lts  of o th e r w orks, an  
e lu c id a tio n  of theo re tica l and  logical aspects, deductions and  conclusions, etc.,
6. SU M M A RY  — p resen tin g  th e  m ain  re su lts  and  conclusions in  no m ore  th a n  200 
w ords. T he sum m ary  w ill be p r in te d  in th e  a u th o r ’s n a tiv e  language  an d  in  th e  
lan guage  of th e  m ain  tex t.

T a b l e s .  T hey should  be typed  on se p a ra te  sheets, n u m b ered  w ith  R om an 
n u m era ls , w ith  a b rie f  title  above each  tab le . L arge  tab le s  exceed ing  th e  size of 
a p r in te d  page should  be avoided.

F i g u r e s .  P encil d raw in g s on p ro file  p ap e r (mm) a re  accep ted . O nly c o n tra s t 
p h o to g rap h s  can be rep roduced . T he size of f ig u res shou ld  n o t exceed th e  size of 
a sh ee t of no rm al ty p escrip t. E ach  fig u re  m u st b ea r an  A rab  n u m e ra l and  th e  nam e 
of the  au th o r. T itles of fig u res and  th e ir  d ecrip tio n s ough t to be p re se n te d  on 
a se p a ra te  shee t of ty p esc rip t, com m on fo r a ll of them . F igu res  should  n o t con ta in  
in fo rm atio n  a lread y  c ited  in tab les, and  vice versa .

B i b l i o g r a p h y .  I t should  co n ta in  a ll th e  re fe ren ces  cited  in  th e  tex t. T he 
lis t shou ld  be a rran g ed  in  th e  fo llow ing  m an n e r: su rn am es of th e  a u th o rs  (in a lp h a 
b e tica l order), in itia ls , y ea r of p u b lica tion , ti tle  of p aper, ti tle  of jo u rn a l (ab b re 
v ia ted  accord ing  to th e  W orld L ist of S cien tific  P eriod icals), vo lum e, pages of 
re fe ren ce  (firs t and last) see th e  ex am p les  below .

W hen  p ap ers  pub lished  in  n on -cong ress  language  a re  quo ted , su m m arie s  in 
a congress language (if any) should  be m en tioned  (see ex am p le  No. 2). I f  th e  title  
is s ta ted  in a congress language , it  should  be quo ted  (see ex am p le  No. 2). N am es 
of n o n -L a tin  au th o rs  should  be tra n s li te ra te d  in to  th e  L a tin  a lp h a b e t acco rd ing  
to th e  ISO -R e’com m endations, un less th e  cited  au th o r  h im se lf p re fe rs  an o th e r  
tr a n s li te ra tio n  of h is  ow n nam e.

B ooks should  be cited as in  exam p les  4 and  5.
1. R e y n o 1 d s o n, T. B., Y o u n g ,  J.  O.,  T a y l o r ,  M. C. 1965. T he e ffec t of

te m p e ra tu re  of the  life-cycle  of fo u r species of lak e  dw elling  tr ic lad s . J . anim.  
Ecol., 34, 23-43.

2. S o 1 s k  i, A. 1962. M in era lizac ja  ro ś lin  w odnych. I. U w aln ian ie  fo sfo ru  i p o tasu
przez  w ym yw anie  [M inera liza tion  of th e  aq u a tic  v eg e ta tion . I. L ib e ra liz a tio n  
of phospho rus and  p o tassiu m  sa lts  by  leach ing]. Pol. Arch. Hydrobiol . ,  10, 
107-196 [Engl. sum m .].

3. [Im śeneck ij, A. A.] MMineHepKuü, A. A. 1949. OnTMMajibHbie nuTaTejibHbie cpe- 
ALi AJiH aHaapoAHbix pejunoji03H bix öaKTepnfi.
[O ptim al n u tr it io n a l en v iro n m en ts  fo r anae ro b ic  cellu lose b ac te ria ] . M ik ro b io 
lo g ia ,  18, 215-223.

4. E k m  a n, S. 1953. Z oogeography  of th e  sea. L ondon. S idgw ick  and  Jackson .
5. B e e t o n, A. M., C h a n d l e r ,  D. C. 1963. T he St. L aw ran ce  G re a t L akes. In :

F r e y ,  D. C. [Ed.] L im no lo gy  in N o r th  Am er ica ,  535-558, M adison, T he U n i
v e rs ity  of W isconsin  P ress.
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In  the  tex t, re fe ren ces  should  be quo ted  by m en tion ing  th e  a u th o r’s n am e and 
da te , e.g. ( B o g u c k i  1953) or B o g u c k i  (1953); w h en  a w ork  by m ore  th a n  tw o 
a u th o rs  is re fe rred  to, only th e  nam e of th e  f ir s t  am ong them  should be m en tioned , 
fo llow ed by ”et. a l.”, e.g., R e y n o l d  s o n  e t al. (1965); p ap e rs  by the  sam e au th o rs  
p u b lish ed  in th e  sam e y ea r should  be d is tin g u ish ed  by sm all le tte rs  of th e  a lp h ab e t 
added  a fte r  th e  year, e.g., K a m l e r ,  R i e d e l  (1960 a).

Som etim es th e re  is a need to c ite  w o rk s w h ich  have  no t y e t been  pub lished  
in p rin t. T hey o u gh t to be se t fo r th  in  the  fo llow ing  w ay:

a. unpubl. (Not expected  to be p u b lish ed  a t any  d e fin ite  tim e). To be m e n 
tioned  in  the  te x t only.

b. in prep . (A w o rk  p rep a red  b u t no t su b m itted  fo r p r in t by  its au tho r). Q uote 
th e  a u th o r’s nam e and  th e  w o rk ’s title .

c. in p rin t. S ta te  th e  a u th o r’s nam e, t i t le  of th e  w ork  and  of th e  jo u rn a l, and 
th e  y ea r and volum e w h en ev er possible.

M a r k i n g  o f  t h e  t y p e s c r i p t s .  T he au th o rs  of p ap e rs  su b m itted  in 
congress languages a re  req u es ted  to m ak e  no m ark in g s  on th e ir  m an u sc rip ts .

R e p r i n t s .  T he au th o rs  rece ive  25 re p r in ts  of th e ir  p ap e rs  free  of charges. 
75 m ore re p r in ts  is g iven  fo r w h ich  th e  costs a re  covered  from  A u th o r’s fees or by 
h is In s titu te  if th e  fo rm al o rder is d e livered . I t  is em phasized  th a t  th e  n um ber 
of re p r in ts  p rin ted  m u s t be equal, fo r te ch n ica l reasons, fo r a ll p ap e rs  of a g iven  
issue, so th e  A u th o rs  a re  req u es ted  no t to  re fu se  th a t  75 rep rin ts .
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