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Preliminary Investigations to Determine Biological Indic~tors of
Sea 1Jater Pollution by Diatoms (Bacillariophyceae)

Summary

In order to'study the biological evaluation of pollution
of the coastal zone'in the Puck Bay in the region of l1echelinki,
where the municipal wastes of Gdynia are discharged, preliminary
investigations 'lore undertaken to select biological indice~ors

of tho diatom group. All enpiric method was employed; using as
0. temporary pollutioniridicator species of diatoms which de
velopedmostnumbrously in 0. said polluted area, even if they
appenred aldo ih other arens.

, '

: bio:honio gr01vinS' ,on microscopic slides were investigated.
ThXoe,glnso platöri wore exposed for a fortnight, fivo timos
ddrihg tho vogetative period 1966•

AlreadY the first studies indicated that nearly all in
vestigatodspecios of diatoms reflect rather the grade of
eQtrophication of the water environment. This meens that they
depend diractly on the concentration of b16genic salts and .
therefo~e dovolop mumcrically in relation to the incrcaco cif
the available nutrlehts.

The investigatians were carriod out during tho ice-froe
period andno polysaprobic zone has bean found which io duo to
a very good oxygenation af the wntor, both by atmaapheric and
biogonic oxygon. Anyway, tho alfa masosaprobic zone is of a
small range, as indicatod on Figure 6.

The more important spccies of diatoms can be provisionally
listed according to their indicator value which is given in
AppondL""C I •

Introduction

A comprehonsive nnd accurato ostimato of tho sea water pollution
DUst be basod on complex biologieal, bactoriological, hydrochomical end
hydrographieal research. As such a complex rosearch progrOJIlDe requirea
a great doal of \-lork as woll ao time and money, it is nocessary to look
for a simpler method which in rolatively ahort tice would supply data
for satisfactory ostimation of tho state cf marine environment pollution.
110 presumo that this can bo obtained by tho biological methode The
advantages are - among others - due to the oimple and speedy analyoic,
which ovon in cases of a singlo investigation on sito, onablcs to do-
termine the range oftho pollutod zone and tho degree of averago pollution
ovor a long period of time, uhile eingle hydrochomical and bacteriological in
vestiß~tiops spocify the water pollution only on the spot of sampling.

Furthormoro, a remarkable advantage of tho biological method is that
it io accepted ae a decisive criterion to pass an opinion on the pollution
of a uater reservoir.

IIollevor, in cpito of thoseadvantagco, no biological method has been
claborated to invostigato the degree of coastal sea wator pollution, end in
cpite of tho noed croated by tho practico in soaside countries. To meot
this need, proliminary invostigations havo been startod to fill gradually
this gap in tho field of biological analysis. In our opinion, it io ne-

- cossnry-to"detormino-the most-reprecontativo biological indicators of pollu
tion far tho respectivo sea regions. This 1s of course 0. very difficult
nnd long-term task, requiring tho cooperation of biologiots of differont
specialitioo, nnd also hydrocllomists, hydro-toxicologists, microbiologists
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and other npecialints. Tbis tank oan be parformed only on the ba is
of eoological, biocoenotic investigations carried out ~~ and on
laboratory experiments with speoial r~gard to auteoology.

Due to the wide range nnd the tiDe needed in order to determine the
biologioal indioators of marine environment, pollution in all ~portant

taxonomio eroups of marine orgatiisms, it is nooossary in.tho first iristance
to find suoh indioators from cmong the most sonsitive arid at tho OaDO
tine moot uido-opread speoies in the coo.stal zone whioh io the one en
dangered by diroot was~e discharge in tho noighbourhood of big oities.

He are ,mll mmre that tho nost sensitive indicntors of tho ecoloaicnl
oonditioris in o.n nquatic environment are the lO''1Or nlgae which equnlly
'Tell ns invertebrntes co.n be uoed ns indicntors of sea "ra.ter pollu.tion
or eutrophioation.

It io advisable to oeleot in the ooo.sta.l zone a.s ouoh indio":itorci<'
of the niorobenthonic algo.e, rofleoting the true environmentnl condi~

tiono of the rcopectivo 1000.1 1Tnter regiono. The mnrino plnrUttonioalcra.e
are loos suita.blo for this purpoce duo to their oontinuouo dislooation bY.
"Tnter currcnts. They are uceful in the open seo., i.e. in regiono of 6Xea.t
depth, where tho niorobenthos oannot dovelop duo to laok of light. The
typioal plankton organisnc are useful in tho ooaotal zone only in special
hydrographioal and Doteorological oonditions, for instanoo, during 0. long
calm poriod o.nd stagnation of wators. Ac tho bibliogrnphy opocifieo, the
Diorobontlloc of tho coastal zone consists chiofly of dintons (with n 000.11
nddition of blue-groon a.igao o.nd othor taxono) inhnbiting tho botton sur
fnoo, ospeoinlly hard bottons und growing on stonoo,.higller nlgao, nolluoo
0110lls, submorgod wood o.nd iron bedding o.nd ovon on glaso. Tho dintooo
grow on tho oaid oubotnnoos in lnrge quantitios and nro good indicatoro
of tho onvironment conditiono. For this reason, they hnvo boan oeleotcd
as t11e first subjeot for prolininary investigations. It wns oxpected to
find in thio group indiontorc dotermining tho grndo of eutrophicntion of tlle
constnl oen wntero influencod by pollution with nunicipnl ~Tnotos, con
tnining 0. largo nnount of orgo.nio oompoundo, decomposnblo in biocheDionl
proocoseo.

Concidoring the notunI proteotion of tho Puok Bny o.gninct pollution,
the tino and toollnionl resouroeo hnvo bean limitod at the firnt stage of the
inveotigntion for the deternination of dintoms ooourring in tho Puok Bo.y
olose to the villago Mocholinki, 1There tho nunicipnl wactos of Gdynio. are
dioohared (Figure 1).

Tbo investigo.tion was linited to the identifico.tion nnd qunntitntive
estino.tion of dio.tooo growing on oiorosoope slides, oxposed five tinec
during o.bout 0. fortnight in tllO vegoto.tive period of 1966, from 28 Juno to
12 July, 8 A~~st to 23 Auguot, 10 Soptenber to 19 Septoober, 19 Septonbor
to 3 Ootobor and 14 lTovoDber to 28 Hovoober. In this rogion, thio mothotl "
lTao tho noot reprooontative, oinoo tho vory Dobilo sandy botton dopooito
dootruot 0. stnblo growth of botton dintons nnd thoso hnvo thoreforo not boc:~

oonoitlered.

For oraanioa.tiona.l rensonoand bocauoe of tha nood to otnrt nnothor
projoot, up to nowonly tho firot otngo of tho nsoignod taok P'o boon onrricd
out in tho l1o.toro Protootion Dopnrtnont of tho UntorEoonooics Inotitute
at Gdmlok. " Tbo oooond stngo '·Till bo undorto.ken. in tho Hnrino Environmont
Protoction Laborntory of tho Son Fiohorios Inotitute nt Gdynia. lIhoro the
roopective lnborntory oxperinonto uill 0.100 be onrried out.

~ent stnto of investi5nti~

It io oophnoisod that tho oen niorobenthoo nlgne in gonoro.l, and
oopooially the diatooo renninod until nou nlmoot unknoun~ An initial Inrgo
olnboratfoll nbout benthos dintooo of the Blo.ok Son ho.o beon propnrod by
Prockino.-Lnvroru:o (1963) who 0.100 invootigo.tod tho plo.ru:ton dio.tons of
tho.t Sen (1955)~ The so.oe nuthor publiohed togothor ",ith Alfinov (1954)
n pnper "About using dintooo for eotino.tion of the oo.nito.ry oto.te of sea.
watero", proving that tho benthos diataos (bnood on inveotigntioo of one
of tho D1nck Son bnyo) can bo uood no indicntoro of thc intcnsity of
unter pollution. Tho nuthoro nsoumo tho.t the 000. dintomo had, until thoir
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work not been investigatea neithe~,iri the USSR nor presumably in other
parts of .the world. However; it should be pointed out that the diatoms
determined as indicatoro by Proskina-Lavrenko and Alfimov for the Dlack
Sea are not rcpresented in our coastal uaters, mainly due to 10Wer
salinitY.Thcrcforc, tho dotoroinationof similar indicators for the
Baltic Sea region along the coast of Poland is still pending.

Simonscn (1962) also states that the knowledge of sea bottom -
diatoms in general (contrary to the plankton diatoms) has not yet ad
vanced beyond the initial stage. Thc same concerns the coastal zone
of the Baltic Sea. The first note about bottom diatoms of this region
was published by Flögel (~873) and the second author .to be mentioned
is Juhlin-Dannfolt (1881-1882) who included 0. list of 0.11 plankton dia
toms and bottom diatoms known at that -time from the region. Thc ne:::t
publication, in chronological sequence, about diatoms of the Gulf of
Kiel is by Karsten (1899). The diatoms of the Gdansk Bay have also boen
investigated by Schultz (1926, 1928). Ecological investigations of diatoms
from the Fin:and Bay were carried out by Välikango.s (1933) o.nd ~rolder
(1943) o.nd in the Oreound by N011cr (1950). The Swedish Bo.ltic oub
littoral zone was investigo.tcd by Berg (1952), who also clarified the .
syotemo.tic compooition of the diatom flora o.nd detcrmined their biocenotic
groupingo. .

Among the Polioh o.uthoro, thc papers of l1rs Rumek (1948, 1950) dCOCrY0
tobe specially mcntioned o.nd 0.100 thooe of ~~s Ringer (no'f undcr proparction)
who investigo.ted all groups of phytoplankton in thc Gdo.nsk Bo.y during tho
year cycle, and "lorko of l''fro Biernacka (1961) about groüth on ioproß"Ilated
wood cxposed in thc wo.tor of tho Gdo.nok Bo.y. .

Othcr authoro have beon occupiod 'vith epiphytic diatoms ,such 0.0

Grinbo.rt (1940) and Kucerova (1957). Growth on glass plateo o.nd chancreo in
tho micro-phytoccnosos of diatomo ho.ve been investigo.tod.o.t tho Britioh
ohores by Smith (1955), in the Black Seo. (Sevo.stopol Bo.y) by
Dolgopoleko.jo. (1954, 1957, 1959) o.nd in thc Odosso. Gulr by Ligno.u (1924-
1925). .

Worke on diatoms as indico.toro of 000. wo.ter pollution by Alfimov (1956,
1957, 1959) should also be mentioncd.

Hydrologieal, metcorological and pollution cllaractcrietico
of thc Puck Bay in the rCRion of Mcchelinki

Tho area of tho invootigo.ted coo.stal zone of the Puck Bay in the
region of I1echliruci in tho district of Puck, amounts to 1.5 squnrc
kilometros. Thc lcngth of the wo.tor front is 2 kilomotres o.nd tho out
most station io 1 kilomotre off shore (Figuro 1).

In thc middlc of thc oo.id wo.tor front is tho mo.in drain 10cated, dis
charging thc !!lunicipal imetes of Gdynio. into tho Puck Bo.y. Tbo unter front
indico.tcd on thc dro.wing is curvcd with 0. large diameter. Tho part to the
north of the main drain outlot coincidoo nearly with thc IT-S diroction,
tho part south of thc main drain outlet io running in the ~nn{-SSE direction.

Tho land close to the northern part of thc invcstigo.tcd wntor zone
is flo.t, cho.nrril~ to the south into 0. cliff, protecting efficiently aeo.inst
thc illflucnce of land "rinds from thc west in thc scction U-SYT.

Tho configurationof thc bottom is smooth with oma11 variations. Thc
coastal shclf, about 500 m wido, io sloping by about l~, and bcyond thc
5 m ioobo.th thc bottom bacomos flat. It io thc surf zone.

The maximum dcpth of thc invcotigatcd wo.tcr region io 5.4 m and thc
botton is OJ~oood to continuouo erosion and o.ccumulo.tion proccso, co.uocd
initio.lly by iTD.VO I!1otions. Thc prcvo.iling bottom ooil is thorcforo sand
with a nobility duo to wo.ve and curront influoncc which extendo to 4 - 5 m
dcpth. This io indicatcd by thc typico.l botton ripple marks und fo.irly
largo sand ffro.ins. It io 0.100 importo.nt to point out tho.t in the invcsti-
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~~toa.;·~ogiorir no':",dst~ atlpbeits o.ro obeorved during the ice~free period.
Bat even whcn tlie!sc~ i8 ico~bbhnd~. eolid waste mattere ~e.depoeitod
only on a anall "artkC'ciose to thc main drain outlet. . .,

'.' '.' '.~ .~ ~

.;' .. r(, '. - '., '.'::

The diroct.:f.on oPtno.curront f'low.in thc invostigated.o.rca dopende
nainiy on the d:lrcctiort :lrid f'orco.:of .the .\.find prcvailing frotl "reot.

Tho current dircction io iri prn~tico:tho oamo ao thc wind direction.
. , \' ~ , ::.' .. ..:.... . .

Indepondently f~öm1tHo·iotoo nnddircction cf' the'wind thorc
io a swoll in the MeOholiDki region nnd thon in tho surfaco ~ator
lhyor the suependca matter ie dortcohtratod in a rolativoly narr~'T .
coaetal belt. The width of thie belt depends on thc angle of' the eurf
to the cQeet. The smaller thie anglo ie and the grade of surf deve
lopnent, the 'lider is thc zone of' concentro.tion of solid no.ttere o.nd
vice vorsa.. The belt of concontro.tion is tho narrouost, "Then the eurf
cones perPcndiculo.rly to the shore. For exa.mple, on 30 June 1966, the
belt wes 20 - 30 m wido. At eno.ll o.ngloo of the incon1ng ourf the epood
of' tho uo.ve current in tho eub-eurf'o.co lo.yer, po.ro.llel to the coo.et,
ie highcet o.t tho enDe eta.to of eurf.

The wo.tor tonporo.turc in thc invostigo.tod region of' Puck Bo.y rnnged
over the yea.r f'rotl 19.5°C on 24 July 1966 to 0.5°C on 23 Februo.ry 1966.
During thie period thore wo.e no vertical gra.dient of tempera.ture betlTcen
tho surf'ace und 5 m dopth. The so.linity vo.riod during tho inveetiga.tion
pcriod fron 5.9~ on 18 July 1965 to 7.88~ on 3 Novenber 1966, o.nd the
uo.tere of' tho Puc~.Bay region wae rockonC'd a.o alfo.-noeoho.line. '11ho re
la.tively low eo.linity of' this Puck Bo.y rcgion hae 0. coneidero.ble influonce
on the sco.ntinese and f'reehwator no.ritime cho.ro.cter of' the dia.tOD opecieo,
which woro f'ound thorc.

The wo.ter tranepo.roncy, neasured with 0. Secchi diec, wo.s during the
wholo period to thc botton. Tho only exception occurred on 23 Fobruary 1966
whon it wae 0.4 n on Sto.tion no 17, close to the nain dro.in outlot. Phie
wo.e ca.used by a. la.rge concentro.tion of' solid wa.ste na.ttor. The other
regions of the Puck Bo.y ehowed 0. tro.neparency ro.nging fron 4 to 10.5 n
during thic period.

The bo.cterio10gico.l cha.ro.cteristico ,the Coli index of' tho Hach
linki uater region, noa.n vo.lueo f'or throe higheot noo.suronente (Ba.cterium
Coli nunber in nillion por 100 01) io indico.tod for 0.11 eituo.tione in
vestigo.tod in Figure 2. Tho neo.n v0.1uee of tho Co1i index in mi11ione
per 100 n1 o.re epocified in Figuro 3. Tho pollutioncho.ro.ctorietico of'
the Mecheliru(i wa.ter rogion o.re indico.ted in Figure 4 for 0.11 invcstiga.ted
eituo.tione, o.ccording to nonn vo.1uoe of three higheet neo.curoncnte of'
BOD5 in nc O2/1. The poto.seiun perna.ngo.no.te oxygon coneunption (ID-fu04)
in ~ O2/1 ie opecificd in Figure 5.

Figuree 2 to 5 have boon prcpo.rod on the bo.sis of do.ta. f'urniehod
by the Uo.tere Protection Dopa.rtnent of the Wo.tor Economics Inetitute o.t
Gdo.nsk, where tho bio10gic0.1 investigo.tionc ho.ve o.leo beon ca.rriod out.
Figurc 6 spocifice the a.pproxino.to eub-divieion of' tho llo.ter rogion into
eo.probic zonee.

Tbc periphyton OVQ1:'grouth on nieroseope elidos, aubjocted to the
prclinina.ry invoetigo.tionc ho.o boon colloctod in tho Puck Bo.y in tho
noighbourhood of Hochlinki o.t tho eto.tions indieo.tod in Figuro 1, ",ith
thc oxeoption of' otatione c10so to tho coa.stlino (4, 8, 10, 12, 20,
22, 26, 30). TIlO slidos f'or poriphyton invostigo.tions ho.vo boon nountod
ro.dio.lly in elote on 0. lo.rgo cork tlrroo.dod on a. cord, uith 0. pioco of eork
fo.otoned o.t ite uppor ond o.nd 0. briek or etono o.t the lowor ond, ocrving
o.s o.n o.nchor. On eto.tions doun to 2 n dopth tho elidoe woro p1o.cod 0.5 D
belm'T the uo.ter :Jurfo.co. On eta.tions ,vith greo.tc:r dopth, tho eord "ms
f'ittod ''lith nnothor cork ,-rith threo elidoe pIo.eed 0.5 IJ o.bove the botton.
Tbo slidoe ,rore ueuo.1ly oxpoeod f'or 0. f'ortnight, tho poriod bcing e1ight1y
changod during etoroy woo.thor. During the yoo.r 1966 f'ive such oxpoeures
lToro co.rriod out during tho vogoto.tive eeo.aon. Thc 10eo.tion of tho elidoe
,me no.rkod by buoye. Tbe corde with eork woro not f'o.etonod to tho buoys,
to provont knocking off tho slidoe during hoo.vy eoo.s.
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Two weeko after they had been set out, the slides were renoved and
plnced in opecinlly covered glnss vessels used for dyeing of microscopicnl
prepnrntiono. Care was tnken to keep the inside of the vessels sufficiently
noist during the one hour transport to the laborntory. In tho Inboratory
the vessels lTere placed with the slides in a refrigorator at a teoperature

"" of 4°C. One slide of each exposure level was left for 1ater investigation
as a dried preparation. Sevcral hundred such prepnrations will be subnitted
to nicroscopic analysis in the nenr future. Tbe preparations 1Till be '
soaked nnd scraped off into the vessel; organic natter in diaton cells will
be renoved by oxidation; they will be nounted in pleurmr. Fron the olides
designated for innediate investigation after beingbrought from the aea,
the periphyton was scrnped with a scalpe1 and thc dintons f1ushed into
f1at-bottoned tubea. The periphyton was designatcd for proparation of
Dicroocopic slidos fron diaton fustu10s nounted in p10urcX4 ,The specieo 1fero
identifiod by Deana of 0. nicroscope of 1 500 x nagnifying powor. Idcntifi
cation keys of thc fo110wing authoro wore usod : Hustodt (1962-1964), C1eve/
Eu10r (1951-1955), Zabo1ina ot n1. (1951), Sioninska (1964), and othoro.

~ Roviffil of moro significant species

Mo1osira Juorgonsi Ag.

To be found in tho who10 rOffion of Puck Bay, but flourishes in tho
nesosaprobic region clooo to Pilck, ferti1isod by nunicipa.1 1-,astos nt the
Douth of Struffa. Za.ff6rska and in the noighbourhood of lIochlinki, o.t sta.t!ons
no. 9, 11, 15" 19, 21. Indicatos tho incroase of cutrophication due to
pollution of this part of tho soa.

I1elooira Doniliforois (Mül.i~) Ag.

, This specioo B-rOlHl izi .!a.lrly largo nbundo.nce only close to ,tho \Tnste
discho.rffe (stations 11, 11, 18, 19), further off it is ffradua11y replaced'
by other species. Melooira ooni1iformis has bean found severa1 tioos by
}~s Biorno.cka (1961) in the growth on boards exposcd at the pie~ of Sopot.
Prockina-Lmlrcnko und A1finov (1954) and A1finov (1956,. 1951) havc proved
that thio speclos grous in vcry 1arge abundo.nce in bays of tho Black Sea
which ero ffrea.tly pollutod by nunicipal wastes and crude oil products.
ThClfha.vo included this organisIJ aoong the polysaprobes. That has, hOllever,
not been confirned by the presont invostigations, proba.bly becwlso no
polysaprobie zone exists in the invcstigatcd region, due to intensive
nixing of waters and good oxygena.tien.

Helosira nULlIJU10idcs (Dilh1.) i g•

Thio spccieo hao beon frcquently found in the period fron spring to
a.utumn toeethor witll M. IJonilifornis in growth in the 1ess polluted beto.oe
sosaprobic region of Puck Bay, close to Mechlinki.

Hc10sira. ~..!E Aß·

Te be found during the whole ycar in tbe Puck Bo.y zone. IIol1evcr, it
is nost abundant in tho region of nodiun pollution (a.bout 300 - 500 n)
fron tho wo.ote discho.rgc outlot, l1hich indicates its betanososaprobic
character a.nd is in nccordance with thc opinion of Hustedt (1962-1964)
who considero this species - when in a.bundance - a typico.l indicator
for Dodiun polluted waters.

Cyclotella ~cghinio.nn Kütz.

Nunerous1y found in the ncighbourhood of waste discharge (stntionsll,
11,18,19) indica.ting that thio~ecios iso characteristic of otrongly
polluted regions (nlfaoeoooaprobic). In the Bnltic thio opecieo haG becn
found in the phytoplankton of Pojo Bay in Finla.nd, where it hnd in Junc
1936 the higlleot growth (64 800 cello in one 1itre of water), clooe to
Tenonioaari city whicll diocharges its waste inte the aaid bay (HaIne
[Lnd l-Iölder, 1958).
-_.- ---- .4.__.. _____



; '.
,

•• I.

6

Stephanodiseus hantsehii Grun.

Has becn abundantly found in the eonsiderably polluted region in
the·belt reaehing to. about 150 m fron the waote disehargo outlet. Farthor
off fron tho nain drain outlot tho abundaneo of this spoeies doereaood
eonsidorably. It is thoroforo aoouood that the abundant ,gorolrth of this
spocies indicateo tho alfa-nesosaprobie charaeter of the wnter environDont.
Aeeording to llustcdt (1962-1964) this speeies is widesprend both in frosh
wator nnd 000, wnter andqpponrs in largo qunntities in grently outrophiented
water bodies. In Grent sub-nlpine Inkas tho distribution of this spccies is
liDited to arens highly eutrophicntod by doneotic scwnge.

Aotinoeleluo ~~nbergii Rnlfs.

"Appenrs in the totnl region of Puek Bay \1ith the excoption of thc
highly polluted pnrt (in nbout 200 m distnneo fron the waste disehargc
outlot fit Meehlinki). This spoeios noarly always has boon found in a
betncesosnprobic nnd oligosnprobie environoont. Proskinn-Lavroru~o

and Alfioov (1954) found it in tho Blnek Sen bnys, where the nunieipnl
wnstos wore dioeharged, however only in parts of nodiuo pollution.

Tebellnrie fenostrnta (Lyngb/Kütz).

Thistpociles hns been froquontly found.in growth of oediun pollutod
parts of the Puek Bay elose to Meehlinki.(in nbout. 200 - 500 0 distanee
fron tho weste disebargc outlot) in rclritively large density. Farther fron
the pollution sourec; thc abundnnee of this spedies docroasod eonsiderably.
This indientes eutrophie eeologieal qualities of tho species.

Lienophorn Ehronborgii (Kütz) Grun.

Ta be found in the whole eoastal zono of Puek Bay, deeroasing ,goradunlly
until it disappearo eonplotoly eloso to 110chlinki whon approaehing tho
waste diseharge outlet (otntion 10). Appearo quito nuoorous in thebotc~
mesosnprobic and oligoonprobie zone. Alfioov (1956, 1957) provod by ox
perioents tho.t L. Ehronborgii grm'1O DOst abundantly in soa uator \vhich 'is
only slightly pollutod nnd io olininatod from rogions polluted by nuni~

cipal wastos and erudo oil produets.
Dio.tomo. oiongntun (Lyngb.) Ag.

A distinet gradient in o.bundanee in tho horizontal distribution of
this specios has boon ~ound in the investigatod wator region. Maxioum
growth haB been observöd in tho mediuo polluted zones, the o.bundanee of
the spoeies deeroase in 0, bolt boyoI1d 500 n distanee froI:l the \laote dis
eharge nnd the spocios is absent in tho o.lfncososaprobie zone on station 18,
loentod nbout 50 n fron tho nein drnin outlot. This provos thnt thc
D. olo~ntuo should bo aeeeptod as 0, positive indieator ofthe bota
Dososaprobie zono.

Florin (1957) I:lentions this spocies froI:l the brnekish waters polluted
by domestic sownge in ooutheast Swodon, close to Södertälje eity.
11rs Biernncka (1961) montions it as n cODponent of gro\lth on boards cxposod
in tho Gdnnck Bay, eloso to Sopot.

Diatoria xulEaro Bory

This spoeios has boon found in tho poriphyton of the 1nvestigatod
rogion, ehiefly in tlro varietios : vnr. produeta Grun~ nnd var. linenri~

Grun., \nlieh woro nost nunorouo in tho Dediuo pollutod bolt. Howevor,
tllOY oeeurrod also oeensionnlly eloso to tho wasto disehargo outlot nnd
is thoroforo reekoned as botnnososnprobe.

Opophorn l'furtyi Horib.

This speeioo grOllS DOSt abundantly only in the Dodiunpollutod bolt
-----------whero e-higher ooncentration of nutrients stiDulnte its numoricnl ineronso.

It hns also been found in tho oligosaprobie zono, but less nUnorous.
Thorcforo, its vnluo as an indientor io liDited and concerns not exnctly
tho coneontrntions of organic waste ~tter ao biogenie salts. ~lay this
eoneorns 0,11 botnnososnprobic dintoDs whieh are Dost nuoo10Us in eutrophie
waters.
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~~ pulehella (Ralfs) Kütz,

This spoeies has been very frequently found in the periphyton eiooe
to Heehlinld. Thc relatively highest density of this speeies wo.s found
in the mesosaprobie zone; in thc oligosaprobie zone it was leos numerous.
Due to thio, it io included among indieators inereasing eutrophieation
rather than among saprobity indieators. However, thc trophieity and
oaprobity are inseparable symptoms of produetion and destruetion of
organie matter in a water body.

Synedra ,:EPulata (Ag.) Kütz.

In the Meehlinki rogion, this speoies io ono of thc most important
in rogard to poriphyton diatom froqueney of appearariee and.numorieal
strength. Duo to the fertilising ihfluenee of sowage, it was
most numerous in tho bbtamesosaprobio zone, but in the oligosaprobie
zono the periphytbn e~mmunities dcereased eonsiderably, However, it
ncvor dropped to ~oro. .

• , ;. . ."~. J ;. ' •

Sygodra tabulata doos not avoid thomost high1y polluted zonos
e1oso to tho wast~ disphargc outlot (s~ation 18), whero it was quite
riumorous duo to tho favourablo oxygenation of thc water. It shoUld
be.notod thai· a high eoneentration of oxygon in water enables the
o~istenee of mriny speeios of rolatively low saprobity, evon in an
environment hoavily ehargod with easily doeomposablo organie matter.
It seems also tl1at S. j;abulata ean bo ineludod among tho indieatoro
of tho betamoso-alfn-mosooo.probie zono.

In the Elaek Soa bays, pollutod by mUnieipo.i "mötes nnd drudo
oil produets, this speeios appears in the medium polluted zone
(Proskina-Lavrenko and Alfioov, 1954).

This opoeioo appoars frequently in the periphyton of the inveoti
gatod region and grows fairly well, only in tho mesosaprobie ~~nQ. In tllO
oligooaprobie zone thoro aro only a few opeeimens fOUnd in tho p~riphyton

eomnunitioo. It oooms that it ohould bo ineluded among tha bct~ososapro

beo.

Coeeonoio ~~eentula Ehr.

Thio spoeies hao boon found eloso to HoehliWci in largeot nunboro
in the fertilised botaneoosaprobie zone. However, Q. plaeen~J: does
not avoid the most highly polluted areao (stations 11 and 18) whero
it growo fairly numerous. Rogarding the oeologie roquirooonto, it io
ourytropieal.

Coee~n~ seutellum Ehr.

Tho horizontal distribution of this speeios in the invosticratod
uater region elooo to Meehlinlci is marked by a gradual ineroaso in
nunbors ao it approaehes tho most highly polluted aroa. It appears
howovor, 0.100 fairly numorous in pure wator.

Rhoieopho]l,!n E...uxvata (Kütz) Grun.

This opoeieo ic_found on all periphyton slidoc of tho invostigatod
area of thc uater region e10so to lIoehlinki. Mo.:x:imum growth has beon
obsorved Ül tho spring and ounoor'ooason, in modium and highly polluted
zones, "hieh spenks for its botamoso-alfa-mesosaprobie eharaeter. In
tho oligooaprobie zone thio opoeioo dovolopod only in omall numöcro, but
was alvays present in thc periphYton eocmunities.

Diploneio d~~ Ehr.

Thio diatom hao becn found on all stationo of tho invootigated watcr
region at l!eehliclci; It appeared fairly numerouo in the polluted zone
only, but in the zone of pure "mter it was found only singularly. The
inereaoe of thio spoeioo in dcnsity in the betaneco-alfa-mccooaprobie zone
for whieh it is an indieator, io cxplaincd by tho fertilising effcet
of "mstes and at tho same time the f'avourablo eonditions of' oxyaonation
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of the wator whieh showed near1y 100.% saturation during the who1e
"period of investigation.

Navioula ouspidata Kütz

In 1arger numbers it appears only in the betameso-a1fa-mesosaprobio
zone. In the other parts of the Meeh1inki" water region the abundanee
of this speoies deereases gradually as one moves away from the waste
souroe in the direetion of oligosaprobie waters, whore tho speoios
appear only singly.

Navieu1a eryPtoeepha1a Kütz

Navioula humerosa Dreb.

Navioula oenisoulus Sohum.

Uavieuln. .Ykidula Imtz

These four speeies are the most numerous ones in the highly
pol1uted zone (stations 11, 17, 18, 19) and oeeur also quite numerously
in a medittO pol1uted zone. In areas of the Meehlinki wator region,
whieh are only slightly polluted, and in pure areas thoy appear only
in small nuobers or singly. They should therefore be qualified as
alfameso-betamesosaprobes.

Navieula rhynehoeephala Kütz

The horizontal distribution of this spceies in the invostigated
area shows e1early a quantitative differentiation. It avoids the high1y
p01luted zones and forms the most numerous population in the betaoesosa
probie water be1t and a loss numerous population in tho oligosaprobie
zone. It ean thorefore bo roekoned as a betamososnprobe inereasing in
number with higher fertilisation of tho ~arine environmen"t with nutriento.
It shou1d be emphasiscd that this speeios is an indieator of inereased
eutrophieation in the area of its most numerous appearanee.

Amphora eoffeaeformis Ag.

This speeies was Dost numerous in the medium and high1y po11uted
zones, but in the oligosaprobie zone its partieipation in the periphyton
dropped to single or oeeasiona1 oeeurrenee. Thereforo, A. eoffeaefomis
oan be eonsidered as an a1fameso-betamesosaprobie indieator.

Gomphonem~ olivaeeuo (Lyngb.) Kütz

This speeies inereaso in number in the alfameso- and betamesosaprobie
zones, whero it appeared in great quantities, dominating the periphyton
eonmunity. This shows that in braekish water a mass appearanee of this
speeies is a betameso-a1fa-mesosaprobe indieator. In the oligosaprobie
zone this diatom appeared also in the periphyton but its participation
in Du1ti-speeies eommunities was soa11.

Epithemia ?or~ Kütz and E. turgida (Ehr.) Kütz

These speoies appear in great numbers only in medium pol1uted
zones, but in lligh1y pol1uted ua.ter regions and in pure waters they
ooeur on1y ooeasiona11y or singly. They are thcrofore reekoned to be10ng
to the bctaocsosaprobie group.

Nitzsehia dissipata (Küt~) Grun.

Ititzoohin. holontiea Hust.

lTitzsohia ,!'Iim:~(Kütz.) "'.Sn.

'These' abovc thrce speoies appear fairly numcrously in thc mcdium
polluted zone and as single speeimcns in thc oligosaprobie zone. Sinec
thcy avoid higher pollutcd wator regions, they shou1d be deseribcd as
betamcsosn.probie indioators.
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~z~ehia palea(~ütz) W.So.

Based upon the numerieal appearanee of this diatom elose to the
drain discharge outlet, also in the alfa-mesosaprobie zone, and tho
deeroaso to single or oeeasional appearanee in aroas loeatod farthor
off the soureo of waste discharge, it is eonsiderod as an alfa-moso
saprobie indieator.

Genoral nothodie eomments

Tbo initial oxporienee obtained by applying the glass platos has
shoun thnt an understanding of the sedioentary populations as llell as
tho dynaoies of poriphyton dovelopmcnt and its periodie ehnngos ean bo
obiainod by using thc glass plates. This mayaIso bo tho only method to
provido a nieroseopie verifieation nnd reeord tho abundaneo of opoeios,
without disturbing their further dovelopmont. From tbo taxonoDie eoo
positionof diaton populations appoaring in pollutod and pure \Tater
rogions - nnd this should bc tbo basic prineiple for invostigating the
stato of pollution in nny \later body ~ tho following regularity is ob
served. In the pure water zone tho taxonomie eooposition is ver,y
divorsifiod and rieh, with sovoral tons of spceies on ono mieroseopie
slide. As tho soureo of pollution io approaehod, the nunbor of opöeios
deereases eonsiderably, but thc abundanee of the remaining speeios
does not dioinibh, but usually inereases due to mass dovelopoent of one
or a fewspoeios whieh ean cxist in homogonous eonditions of tho on~

vironoont eoneorned. In other words, as tho biotopo eonditions bo.
eODo cioro extromo, i.e. the noro thoy dopart fron the optioun for nost
of thc speeics, tho number of spoeies in thc eoomunity doereases, al
though tho romainincr onos may bo very nunorous. Therefore, witli the
more diversified oeologie eonditions in the area oeeupiod by a speeifie
eoomunity, the rieher it i~ in speeies.

Vnlon a \later region is influeneed by nnovorhe~ing faetor (for
example wastos) operating eontinupusly during a long period of timo,
this ono-sided influenee seoms to SUPpross the effeet of the otller,
weakor faetors. This, howevor, does not nenn that tlley hava eeasod to
operate~ Thc composition of the spoeies eomounity howevor, do not any
lonrror depend on theo, but on tl10 mighty influoneo of ono or a fO\f faetors
aetinrr without interruption.

Suell an eeologieal situation prevents the devclopnont of a di
versified eor~unity and stabilisos a rolativoly soall nunbor of spceios
eapable to livo under sueh peeuliar eonditions. It should bo noted
that the zone of tho phytoeonotie optimum for this small nuobor of
dooinating spoeies do not noeessarily agreo with thoir oeologie optinun
zono, nor with thoir phytoecnotie area.

For the initial solution of indieator'diatoms wo have, for
praetieal reasons used an empirieal nothod. Vnlen a speeies of diatoms
developod Dost numorously in a givon pollution zone, even if it
appeared also in othor zonos, it has boen aeeeptod as indieator for
tho zone whero it was most nuoorous, sinee the nuober of diatoms in the
poriphyton ellaraetoriso tho elass of water purity. At tho same tino
it has beon roalised that aoong tllO diatoms thero aro strietly spe~cincr

no real saprobiants nor even saprophils but really only pseudo-sapropllils
(usually ealled saprophils), saproxenie and indifferent foros. Tlle
spceies indie~ting thc respeetive grades of pollution (saprobes) should
have n narrow eeologie spoeialisation and a lalown rango of toleranee
for rospeetive eeologie faetors. This will be the objoet of future in
vostigations. The toleraneo for pollution obta1nod initially by, tlle
empirieal Dethod is for tho tioe being only of approximato eharaeter
and Dust be supported by exporiconts whieh will finally reveal thoir
indieatory value. '
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We reelise thet nearly all tho doscribod specios rofloct rether
the eutrophication degroe of the marine environoent than its grade of
seprobity. This concerns ospeeielly the oligoseprobie grade in wlüeh
there are no real saprobes,at el1. Onlythe elfe-oesoseprobie speeies
ertd such betamesosaprobie ones,tho dovelopoent of whieh in e suitnble
pollution zone is explicitly depending on surplus of unstable orGanie
matter or on produets of their deeooposition, een bo eonsidered 0.0

real oaprobes.

, ,In 0. quite differont way the reeons~ruetion in a biotope of thc
previously natural eooounity of speeies should be ovaluated and wfi~eh
had previously been eliminated a.ue to ~Iaste effeet. INen most of the me
sosaprobie speeios are not direet consuDers of organie m~tter o.s such
but, they to10rate it (end the eeologie eonsequenees of its deeomposition)
botter tllan other spocios. Therefore, they are freo from eonpetition
o.nd furtheroore they mako use of biogenie salts resulting fron

.. mineralisation of po1lutants (phosphates, nitraten, nmooniuu so.lts).
Such speeies aro indicators of trophy and have'nothing in eoomon "Ilith
the organie oubstanees and doeo.y. Theroforo they arc not deseribod as
saprobes whieh are eharaeterisod by direet dependence on tho organie
oo.ttor deeompoeod during bioeheoiea1 proeosses. Tho trophie indi
eatore in tlle betanesOso.proÖD zone prodoninato comp1etcly. Proeeedincr
to the oligosaproDb zone, the speeics aro neo.rly eonpleto1y trophie
indieators, not saprobie ones. Thereforo, they do not a1lolT UD to
ostinate 'uhether their OptitlUD conditions ere tho result of the o.110e11
thono.1 (nntllropogonie) pollution or if they originatcd'duo to tho
proecss t~cing plaec autoehthonously in~. Only their o.ppearanoe
in the adjo.eent area of sc1f-purifieation in tho open sea \nlOrO it
is eo.oy to find 0. natural point of eonparison, indieatcs souc relation
of auch spceies to thc pollution.

The preoent initiel investigation to seloet spceios indieatinc
thc grade of pollution of thc narine environnent seeno to confirn
thc posoibility of using diatons which are very nuocrous in thc soo..
Sone srunplos takcn for diatoD analysis allow for 0. rclo.tively quick
evaluation of thc averago stnto of longtime pollution of 0. sea. arca.
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Name of Species Proposed Indicator
Value

Melosira moniliformis /Mül1./ Ag - alfamesosaprobe
Cyclotella mene~hiniana Kütz. "
Nitzschia palea /Kütz.1 U. Sim. 11

Stephanodiscus hantzsc.· Grun. - alfameso-betamesosaprobe
Navicula cryptocephal~ Kütz. 11

" humerosa Breb. 11

" menisculus Schum. 11

11 viridula Kütz. tI

A.mphora coffeaeformis Ag. tI

Synedra tabulata lAg.! Kütz. - betameso-a1famesosaprobe
Cocconeis scutellum Ehr. 11

Rhoicosphenia curvata /Kütz./ Grun. "
Diploneis didyma Ehr. "
Navicula cuspidata Kütz. 11

Gomphonema olivaceum /Lyngb./ Kütz. 11

Cocconeis placentula Ehr. - betamesosaprobe /alfameso/
Melosira Juergensi Ag. - betamesosaprobe

" nummuloides /Dilhl./ .Ag. "
" varians Ag. 11

Tabellaria fenestrata /Lyngb./ KUtz. "
Diatoma elongatum !Lyngb./ Ag. 11

" vulgare Bory 11

Cocconeis pediculus Ehr. "
Navicula rhynchocephala Kütz. 11

Epithemia sorex KUtz. "
11 turgida /Ehr./ KUtz. "

Nitzschia dissipata /KUtz./ Grun. 11

" holsatica Hust. "
" sigma !Kütz./ ll. Sm. "

Actinocyclus Ehrenbergii Ralfs - betameso-oligosaprobe
Opephora .!.Ia.rt:i~ .IIorib. 11

Synedra tulchel~a Ißalf~ 11

Licmophora Ehrenbergii ütz./ Grun. - oligo-betamesosaprobe.
I
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