-

View metadata, citation and similar papers at_core.ac.uk brought to you by .. CORE

—_— ; P
; 7~ :
MANUI LOVA E. F. (1962) The influence of blue-green al gae on
devel opnent of the zoopl ankt on.

Byul | . nosk. Cbshch. Ispyt. Prir. (Biol.) 67, 1, 128 - 131
Many have observed the reduction of the quantity of
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zoopl ankton in the presence of water bloons. It is known
that in seas zooplankton as it were avoi ds pl aces of
accunul ation of blue-green algae. To elucidate this
phenonenon several theories have been suggested. However,
even the nost acknowl edged of these - the theory of Hardy
founded on the chenical influence of al gae on zoopl ankt on,
is far fromrevealing all the conplexity of the inter-

rel ati onshi ps between these groups of organisns.

M A. Messineva and V. Ya. Pankratova (1941) showed t hat
the nunmber of bacteria in the presence of the deconposition
of phytopl ankton could after 24 hours increase by 2,000 tines.
According to the investigations of K A Quseva (1952), the
dyi ng-of f of blue-green algae is acconpani ed by an increase
in the nunbers of saprophytic bacteria and zoopl ankton. At
the sane time, as our previous observations showed (Manuil ova,
1953) in the presence of bl oons there nmay be a sharp fall in

the total nunbers of bacteri a.

Taking into consideration the food i nportance of bacteria
(Rodi na, 1950) and their role in the productivity of reser-
voirs (Rodina, 1951), and al so such circunstances as that
the al gae thensel ves sonetines can serve as food of a nunber
of organi sns, one cannot but suppose that water bl oons nust
in significant neasure determne the food conditions of zoo-

pl ankt on.

Arising fromthis, by observations on one of the
tributaries of the Rybinsk reservoir - the River Shunorovka -

we tried by simultaneous collections to trace the changes
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i n nunbers, not only of zoo- and phytopl ankt on but al so of
bacteria. The plankton was collected by quantitative nets
wi th suitabl e nunbers of gauze (for zoopl ankton, No. 49,
pbyt opl ankt on, No, 77) and bacteria were taken account of
by the nmet hod of direct calculation on nmenbrane filters.

The pl ace of observation, - the |ower reach of the
river - has an area of about 800 nt and a depth in the
channel part up to 5 m in the flood plainup to 2 m
Visible current in the river is absent.

Water bloomin the river occurs annually. Wth one
exception all outbursts of bloomfor a period of 3 years
observed were connected with massi ve devel opnment of
Aphani zonenon. nly during the first outburst in 1954
did Mcrocystis predom nate. The duration of the interva

bet ween peaks of bl oom ng depends on tenperature. At
20°-25° the peaks of bloom ng foll ow one another after

6 - 8 days, at tenperatures bel ow 20* after 12 - 18 days.
The nunber of blue-greens usually grows gradually and
sharply increases to the day of the peak, after which
follows their death.

The conpl ex of zooplankton in the River Shunorovka
bears a lacustrine character. Thus as in | akes where
wat er bl oomis observed, here O adocera predomnate in
bi omass. O these the principal nassive species appear
Daphni a cucul |l ata and Bosm na coregoni coregoni. Rotifers

are nunerous in the river and represented by the usual
wi del y-distributed forms (Keratella cochlearis, Polyarthra

trigla and others). O the copepods, the only massive species

appears to be Mesocycl ops oithnoides. As characteristic

conponents of the zoopl ankt on appear protozoans of the group
of little-ciliated infusoria.



Not a single representative of the zoopl ankton of the
Ri ver Shunorovka could utilise Aphani zonenon for food.

Filaments of this algae are too strong for the filtrators,
and for this reason they cannot be ingested by rotifers.
The nunber of Mesocyol ops bears a definite relation to

i nfusoria, which evidently appear also to be their basic
food in this reservoir.

In 1956, parallel with the collections in the reservoir
we carried out observations in the |laboratory on cultures of
various dadocera in river water. Eimnating fromit the
al gae and detritus by filtration through a coarse grade of
nmenbrane filter, and changing the water daily, we in this
way allowed the crustaceans only bacterial food, contained
innatural water. Survival of the crustaceans for the period
of the 2% nont hs of the experinent was not uniform and
deteriorated or inproved depending on the change of intensity
of reproduction of the bacteria, which was judged by obser-
vation of the time of devel opnent of a generation of bacteria
in natural water. The experinments carried out show that
bacteria in the R ver Shunorovka have fundamental inportance
with regard to the food of filter feeders. It is known that
bacteria are also utilised by rotifers and protozoans.
Consequently the whol e conpl ex of zooplankton in the River
Shunorovka is found to be dependant on bacterial food.

The calculation of the bacteria which we carried out
permits us to cite the following data on the change of their
nunbers during the bloom 1In 1954, in the period preceding
the bloom the total nunber of bacteria oscillated from2
mllion to 671 thousand in 1 cm®. During the first outbreak
of the bloomit fell to 290 thousand, in the interval between
the first and second outbreak it increased to 700 thousand,
during the second outbreak it fell to 229 thousand and rose
after this to 1454 thousand per cn?



In 1956, besides direct calculation, we carried out
observations on the intensity of reproduction of bacteria by
means of experiments on the determination of duration of
devel opment of a single generation (by the accepted m cro-
bi ol ogi cal nethod, Ivanov, 1955). A week before the bl oom
a single generation of bacteria developed in 9 hours. On
the day of the peak of the first outburst of the bl oom
(26 June) the tinme for one generation had increased to 46
hours. Already by the day follow ng the maxi mumnunber of
algae it fell to 16.8 hours. This shows that reproduction
of the bacteria began to be nore intensive. A marked
bacterial outburst with high total nunbers (1200 thousand
in 1 cn?)was observed on the third day after the maxi mum of
the bloom During the second peak of the bloom (4 July) at
the begi nning of the experinent the total nunber of bacteria
was fairly high, but at that the bacteria apparently did not
reproduce, judging by the fact that their numbers in the experi-
mental vessels at the end of the experinent were |ess.

Corresponding to the changes of the content of bacteria are
found fluctuations in the nunbers and bi omass of zoopl ankton
during bloomng. According to the observations of 1955 and 1956,
with collections at 1-3 day intervals, it turned out that the
monent of the peak of the bloomwas usually acconpani ed by a nore
or less sharp fall in nunbers and bi onass of zooplankton (fig. I).
During these days there were always very many organi sns dyi ng

at the nmonent of capture, especially daphnids. |In the O adocera
at the sane tinme reproduction comes to an end in the days of
maxi mum bl oomand the najority of them and sonetimes all, have

enpty brood chanbers. Thus, during the bl oomin June 1956, on
the day of maxi numnunbers of algae, all Cadocera with the
exception of a single Bosmna were sterile. After tw days,
the mean nunber of eggs in Daphnia cucullata was 1.7, in
Bosnmina coregoni - 2. After five days it increased in Daphnia

to 2, in Bosmna coregoni to 2.1., in Bosmna lorgirostris to 3.




Taki ng into account that, in the principal nassive
species of the R ver Shunorovka - D. cucullata and B. coregoni -

in high sumrer tenperatures broods can follow after 1 - 2

days and full maturity ensues on the 4th/5th day of life, it

is easy to imagine that the intervals between peaks of bl oom ng
whi ch, as already shown above anmount in the R Shunorovka at

hi gh tenperatures to 6 - 8 days, are sufficient for significant
renewal of their populations. Just as quickly able to restore
the nunber of their population are the rotifers, which possess

a short individual period of devel opnment. Last, in the
Copepoda, it is rather prolonged, as they do not have the chance
of such nobility of popul ation di mensions as the daphni ds and
rotifers. The change of nunbers of Mesocycl ops, dependi ng on
the growth of Protozoa, we deduced in 1954. In June and the
begi nning of July of that year the infusoria reached a quantity
of 10,000 per litre. Their nunber strongly increased and
reached about 120,000 per litre during the bacterial outburst
between the first and second peaks of the bloom Wth the

sharp fall in total nunber of bacteria on the day of the

maxi mum of the second outburst of algal growh, protozoans

were not found in the plankton. Up to this nonment no specia
change in the nunbers of Mesocycl ops was noted. |In the sane
day, when the protozoans were absent, the nunbers of Mesocycl ops
fell from150 thousand to 18 thousand in | n?, after which, during
the whol e sumrer and autumm, they did not reach such high
nunbers as before the begi nning of the bl oom

Looki ng at the devel opnent of plankton in the R Shunorovka
in different years, one can see that each of themhad its own
peculiarities. |n 1954, with the high sumrer tenperatures, |ow
water level, and a large supply of nutrient substances
(NH, - 0.65, Fe - 0.70, Si 2.0, P- 0.025 ng/l) the devel op-
nment of plankton proceeded especially rapidly so that it became
apparent not only inits nunbers but also in the variety of specific
conposition of massive-fornms. The biomass of zoopl ankton reached



a maximumin the period of bloomin July, when it anounted
to about 8g in 1 nt.

There was quite a different picture of the devel opnment of
pl ankton in 1956. Wth the large water-content of the year,
the | ow sumrer tenperatures, and the | ower, by conparison with
1954, content of nutrient substances in July (NH - 0.33, Fe - 0.14,
S - 0.7, P- 0.0075 mg/ 1), the plankton was weakly devel oped.
The bl ue-green al gae after the first outburst, which took place
at the end of June, did not reach great nunbers, and in the
mddle of July were met only singly. D atomalgae at this tine
were absent. As the investigations of S.1. Kuznetsov (1954)
show, phytopl ankton appears to be the fundanmental source of
nutrient substances for bacteria in the reservoir. In accor-
dance with this, growh of algae in the R Shunorovka bei ng
very weak in July 1956, there was no bacterial outburst for the
space of the greater part of July, and devel opnent of bacteria
was retarded (the tinme of one generation was about 48 hours).
The bi omass of zoopl ankton on account of this had a very | ow

i ndex.

Triennial observations tell us that in the R ver Shunorovka
the water bl oons nust be accounted a factor favouring production
of zooplankton (fig. |I). Thus, in the year 1954 in the period
of nost intensive summer bloom w th the average nunber of cells
about 67 thousand in In¥ the mean biomass of zoopl ankton reached
4.6 g/nt . In 1955, with average nunbers of bl ue-greens - about
17,000 in 1 cn? - the bi omass of zoopl ankton was 3 times |ess
and equal led 1.54 g/nf. In 1956, when average nunbers of
cells of blue greens in the stated period conprised about 4,000
the nmean bi onass of zoopl ankton was 1.19 g/ nf.

* This appears to be a msprint and shoul d read
" 67, 000 in 1 cny"



Whi | e attaching fundanental inportance to the provision of
bacterial food and the tinme of the bloom we do not deny the
food significance of the al gae thenselves at this nonent, when
they are found in a disintegrating state. The possibility can-
not be excluded of pernicious action on the zoopl ankton of the
products of disintegration of blue-green al gae. However, in the
observations on the R Shunorovka we did not observe a mass
death of zooplankton in the days of sharp reduction of quantity
of algae. W also did not establish the toxic influence of
bl ue- green al gae on zooplankton. Al these questions are sub-
ject to further study.

Recogni zi ng the enornous inportance of bacteria in the
growt h of zoopl ankton during bl oom ng, one nmust consider
extrenely inportant in the study of this phenonenon the
answer to the question on the inter-relationship between bl ue-
green al gae and bacteria. A. S. Razunov (1948) recognizes
that bl ue-green al gae secrete toxic substances which act per-
ni ciously on bacteria. But there are data witnessing to the
possibility of food conpetition between bl ue-green al gae and
bacteria. So notes Pennak (1946), Anerican scientists support
the concept of Pearsall (1932), which considers that bl ue-
green al gae develop in nassive quantities only in the presence
of adequate provision of organic substances. K A Quseva (1912)
showed experinentally that in conbined cultures blue-green al gae
nore actively utilised food substances than bacteri a.

Proceedi ng fromthese data and havi ng available materials
on the plankton froma series of reservoirs, we surmse that in
reservoirs with different/providing of food substances, ratios
of intensity of growth of blue-green algae and bacteria can be
different, and consequently the bl oomcan affect the growth
of the zoopl ankton unequal | y.

The River Shunorovka is adequately provided with nitrogenous



conpounds and other nutrient substances in view of the
situation of its drainage basin anong cultivated fi el ds.

Judgi ng fromthe nmean data, the period of greatest intensity

of production of zooplankton in the R ver Shunorovka coi nci des
with the period of maxi mumbloom and as a rule takes place in
July. The same coi ncidence of the period of maxi mum producti on
of zoo- and phytopl ankton is observed in the Vol ga reach of the
Rybi nsk reservoir, with noticeable flow, and Lake II|'nen. As
we have observed, in two snall eutrophic | akes - Zaozer and

Kol omensk - and in the lake-like slowflowi ng central reach of
the Rybi nsk reservoir, during the sumer blooma decline is
observed in the devel opnent of the zoopl ankton, and the curve
of the dynamcs of its bionass has a two-peak character

(Manui l ova, 1957). Thus it can be seen that the devel opnent of
bl ue- green al gae appears as an inportant factor, determning
not only the intensity but also the direction of the process

of production of zooplankton. Further investigations of this
problemw || provide an inportant link in solving the probl ens
of the biological productivity of reservoirs.
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