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SUMMARY

This thesìs reports the results of a series of interconnected

studies of d'iatom periphyte (cells associated wjth p]ant substrates)

assemblages from the 0nkaparinga estuary, South Australia (June t974 -

February L977). The 0nkapaninga is a shallow, coastal pìain estuary

rather than a deep, drowned valley estuary such as those'investigated

on the Australian east coast. The estuary includes three general regions,

the central of which js del'ineated by the domjnance of a species of the

"eelgrass" Zostera (Potamogetonaceae). The Zostera blades serve as

substrates for a diverse diatom periphyton flora and these assemblages

form the basis of the study.

Limjtations of comput'ing space and time meant that only the 95

most common diatom species could be considered for anaìyses. The rema'inder

of the 254 species so far observed were also considered too uncommon to

provide any meaningful addit'ion to the data being cons'idered. 0f the 95

spec'ies cons'idered, all are jllustrated by l'ight or scanning eìectron

mìcrographs and com¡nents on their taxonomy and ecology are g'iven. In

addition,22 species whjch may be as yet undescribed are included.

An appraisal of the taxonomy and ecology of the Zostera sp.,

particu'larly the role of Zostera blades and the periphyton in assìsting

siìt deposit'ion, 'is included.

To provide a comparison w'ith studies reported from the northern

hemisphere and to place fjeld collectjons in a temporal framework w'ith

respect to the periphyton colonisation sequence, the colonisatjon sequence

was observed using both natural and artifjcial substrates. The colonisatjon

sequence was seen as a four stage process involv'ing ìnjtial colon'isation

by bacteria and Cocconeis scutellum, colonisatjon by epiphyte specìes and

the most cornnon mot'i I e speci es , further col on i sat'ion by mot'i I e speci es

once epiphyte filaments form and finally, emergence of macroscopìc a'lgae

and sessile animals as obvious parts of the periphyton. The first two
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stages occur in the first three clavs. The c+piphytes appeñr to reach a

balance betvleen col oni sation, grovlth and I oss sonev¡here frcrm the four-

teenih ciay onwards. The ner^r sul''strates prov'ided by tlre productiott of

new ("juvenile") þ$qrq. blades are likely to be colonised by the

periphyton from older blades. The older blacles were also considerecl

to be the site for injtial colonisation of species nevr to the assemb'lage.

The 95 species t{ere analysed on the basis of presence and absence

data. Bivariate associative analysis indicated the presence of five nodes

containing 64 species, 47 of which were cont,ajned jn one group ancl many bf

those were known to be freshwater species. To elucidate between node

relationshjps, the 64 species were ana'lysed us'ing Factor Analysis. The

analysis jndicated a curv'ilinear relationship between the species groups

which derived from correlation with salinìty and position ìn the estuary.

Further invest'igations concentrated upon the ep'iphyte (attaching)

species since they are easy to identify in preserved nlaterial, are dorninant

members of the periphyton but involve few spec'ies, and are the only group

evolved to tive attached to hard substrates. The periphyton v',as observed

to reach maximum cell densities during the winter rather than there being

a peak in late autumn and another in early sprìng as reported from cool

to cold temperate cl'imates. Both in the motile and epiphyte (attached)

groups, only a few species were observed tc be the maior contributors

to the cell density maxima.

An environmental data base, including temperature, light'

salinity and various organic and inorganic compounds, was obtained.

This was used to analyse the possib'le relationships of selected aspects

of the periphyton (total cells, total motile cells, total epiphyte cells),

individual epiphyte species and the physico-chemica'l environment. Factor

analysis indicated four significant sources of variance in the environmental

data. These included the organic or b'iologically produced variables, a
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conìbination of salin'ity and position in the estuar¡r, seas0nal varianue

arrd the inol"gani c varj al,rles. Factor analys'is of the envi ronmental data

wi th i nd'ivi dual spec'ies and b'i vari ate analysi s between speci es and val"'ious

envi ronntental vari abl es vJas then cart'i ed out. The analyses i ndi cateci

that there were three grolrps of species which were related with'in the

groups by ùheir correlatìons with the environmental variables. The

freshwater group were onìy.of importance in very wet winters (e.g. 1974)

but, when present, were the most productive. The euryhaljne group which

dominated the winter assemblages for rnost of this study wer'e strongly

correlated with hjgh levels of inorganic and organic compounds, particu'larly

rritrogenous conrpounds. In addition, they were apparent'ly ab'le to live'in

a broad range of salinities and were therefore avaÍlable to berrefit fron

nutrients entering the estuary with freshwater runoff. The third group

was composed of marine species which were correlated with salinity to tl're

exclusion of most other variables.

'[he same samples were used as a basis for a comparison between

us'ing cel I densi ties and species' proport'ions for ana'lysi s of assembl age

dynamics. The difference between spec'ies' proportions based on viable cells

and cleared cells was also investigated. Correlational anaìyses between

environmental variables and species' proportions yielded some questionable

results. Interspecific associative analyses also gave variable

interpretations when based on species' proportions. Cleared cell

studies added further uncertainty by the presence of species which were

not part of the living assemblage at the time of sampling.

Finally, suggestions are made regarding the study of hydrological

and biologica'l aspects of the estuary which could provide further useful

information about the ecology of estuarine diatoms.
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1. GENERAL INTRODUCTION.

1..1" The 0nkaparinga estuary.

The Onka¡laringa river arises in t.he Mt Lofty Ranges, east of

Aclelaide, Sout"h Australia, and flows about 60 km south-west through the

ranges before entering the Noarlunga bas'in 35 km south of Adelajde (FIG. 1).

lllith a catchment area of approximately 535 km2, the 0nkaparìnga'is the next

largest permanent river in South Australia after the Murray Rìverl. There

are two storage reservoirs at present suppìied by the Onkaparinga, viz. [,1t

Bold reservoir (capacity 47,300 megalitres) on the river and Happy Vaìley

reservoir (capacily 12,700 megalitres) suppl'ied from a weir at Clarendon

downstreanl fror¡ tult Bold1. These dams reduce the effective catchment area for

the Onkaparinga estuary to 88 kmz, much of it in the 500 mm to 660mm zone of

annual rainfall (Ward 1966). Major water flow or flooding can onìy occur

after Mt Bold is full and flow occurs over the spillway. In the past this

has not occurred until late October or early November, usually requirìng two

consecutive years with at least 700 mm per annum to adequately fì11 the

reservoir. The increasing populatjon and resuìtant water demand in the last

two decades suggests that the frequency of such flows is likely to diminish

with time, regardless of the volume of winter rainfall.

The first Europeans to visit the coastal plain end of the 0nkapar-

inga river in 1839 were disp'leased to discover that the river was sa'lty

where it emerged from the Onkaparinga gorge (Co1wel1 1972). Later investi-

gation showed that the river was tidal and hence often saline back to the

Onkaparinga gorge.

This knowledge was used to good effect a decade later when a flour

milI of 2,000 bushels/week capacity was established at Noarlunga and sai'lìng

1. Hosking, Fargher and Oborn Pty Ltd (7974). "A report on the scientific

and engineering aspects of p'lanning proposals for 0nkaparinga Estuary

Recreation Reserve prepared for the South Australian State Planning Authority".

Unpublished. 46 pp.& Appendices.
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barges of tl',,enty tons capac'ity wcre able to travel up from Por'l: Noar"iung,r on

the spring high t'iders to deliver grain ancl backload flour. Smal j craft pì ied

the estuary nrore frequent'fy to serv'ice the brewery and various other small

indust.ries centred in Noarlunga. Smuggling was another aspect of the business

life of Pr:rt l{oartrngu and the ûrrkaparinga in those early da¡rs. The goods

mainly came from Kangaroo Island by way of the whalers and sealers and vrere

unloacied up the river to avoid the port authoritìes (Colwell 1972). When the

port facilities r¡earer to Adelaide were improved, Port Noarlunga vlent jnto a

decline as Adelaide enticed most of the ìndustry away. For most of the first
half of the twentieth century, the Noarlunga region has been a place for

holiday-making or retirement.

Until the nineteen-s'ixties the population of the coastal pla'in ìn

the Noalunga district was therefore moderate'ly low. The southward expansion

of the Adelaide metropoìitan area has finaìly reached this region and incius-

tries are once more being attracted to the area. The population increased

from 5,492 in 1961 to 28,462 in 1971 (S.4. Yearbook 1973) and is estimated by

the South Australian State Planning Offíce to reach 156,000 by 199i, a twenty:

eight fold increase in thìrty years. The estuary is therefore looked upon by

the S.A. State Planning Authority as a valuable recreational resource. It was

this interest in the estuary whìch stimulated the initial study of the aquatic

flora which led to th'is study.

The 0nkaparinga estuary meanders to the sea in a channel cut in

Holocene alluvial deposits of various ages (Ward 1966) and is thought to have

been laid down by the 0nkaparinga when the mouth of the river was much nearer

the foothills than it is now, due to a higher reìative sea level. The whole

is contained within a tectonic basin bounded by fau'lts stemming from the low-

er Tertiary (Parkin 1969). The 0nkaparinga is different from most of the

estuaries so far studied in Australia as these are mostly drowned valleys,

broad and variable in shape, sometimes contributed to by several rivers

(Rochford 1951) and not composed of a river channel cut into the coastal plaÍn.

The Onkaparinga also has the distinction of having the largest estuary between
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the Glenelg Rjver in south-western V'ictoria and the Blackwood Riverin south

west Western Austral'ia, a coastline of approximately 5,000 krn.

The estuary can be divjded into three general zones derived from

geo'logical, hydrological and biological considerations. These approximate

Rochford's (195i) divis'ions of fresh., marine and "conflict" zones (see Ch. 5.4).

The first zone,0-1.7 km downstream from the ford at Noarlunga

(FIG. 2), has many of the characteristics of the non-tìdal reaches of the

river (FIG.3A,B). One side of the channel follows the slope of the hill

down to as much as four metres below the river level. The deeper pools are

inter-connected by shal'low stony ríffles. Reeds fringing the channel provide

the on'ly obvious vegetation, as they do upstream, and provide attachment for

occasional mats of Enteromorpha compressa (1.) Greville, qglgp¡glq repens?

(J.Ag. ) Harvey, Sp iroqyra transeauana Jao and . aff. maravillosa

Transeau.

The deeps are used for spawning by Black Bream (Acanthopagrus

butcherii (Munro)) and Jumping Muìlett (Liza argentea Quoy & Gaimard). Other-

wise this region is largely defined by the continuous influence of freshwater

inflow regardìess of the season. Surface salinities seldom exceed 15 p.p.t.

of total dissolved salts and the upper poo'ls are occasionally v'isited by

freshlater fish such as Redfin Perch ( Perca fl uvi ati I I 'is Li nna.eus ), Brown

2Trout ( Salmo trutta Linnaeus ) and Native Trout (Galaxjas attenuatus (Jenyns))

'The 
second section covers the majority of the estuary from 1.7 km

to 10.3 km downstream from the Noarlunga ford, thus encompassing the flood

ptain with the channel broad and shallow (FIGS 4,5). The bends are usual]y

the deepest areas with the bulk of the water flowing in a gutter on the down-

stream side of the reaches. This is then flanked on the upstream side of the

channel by a mud bank extendìng from 0.5 m to 1m belov', mean low water at the

gutter to above mean I ow water I evel at the edge of the channel . These mud

2. Branden, K.1., G.G.Petersen & P.A.K. Symons (tgZ+). "The Aquatic Fauna

of the 0nkaparinga Estuary". Report to the Department of Fisheries, South

Australia. (Unpublished) 16 pp & Appendices.
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banks are largely colon'ised by a spec'ies of Zostera- (FIGS 2,6; Ch.3.). 'lhe

substratum varies from carbonaceous, anaerobic, fine silts at Noarlunga to

sand at Port Noarìunga. It is the distribution of Zostera which characterises

this region and delineates the second region from the th'ird by its absence jn

the th'ird. This middle region is also characterised by the presence of a -

fauna and flora associated with and reliant upon the Zostera. Sprat of Black

Bream, Jumping Mullett, Yellow Eye Mullett (Aldrichetta forsterii (Cuyier &

Valenciennes)), Spotted Whiting (Sillago bassensis (Cuvier & Valenc'iennes))

appear to iive most of their lives in this region until they are mature or

unless flushed out by freshwater during floods. The adults bf these and other

local pelagic fish come into the estuary from the sea with the incoming t'ide

and feed in the Zostera beds. Some, such as the Black Bream, feed on the

Zostera epiphytes onìy and others appear to feed omnivorously and'include

Zostera blade, epiphytes and associated jnvertebrates in their diets2. The

salinities here range from less than 1 p.p.t of total dissolved salts during

floods to the more usual range of 15 p.p.t. and up to sal'inities in excess of

normal seawater in some of the lower reaches during the summer (often reach-

ing 39 p.p.t.).

The third region extends from 10.3 km downstream to the mouth of

the estuary at approx'imately 11 km downstream from Noarlunga ford. The up-

stream boundary is marked by a footbridge (FIG.7A) and the channel shallows

genera'lly from this point to less than 1 m below mean low water until it deep-

ens again at the narrovr mouth (FIG. 78). Under the cliffs, the substrate is

composed of a red clay which gives way to sand a few metres from the edge of

the channel. This region is inundated with normal seawater every day unless

there is severe flooding from heavy rains further upstream. The Zostera does

not grow here, but whether this is due to continuing high salinities or

whether the shallowness of the channel creates cuments which are too strong

2. Branden, K.L., G.G. Petersen & P.A.K. Symons (1974). "The Aquatic Fauna

of the Onkaparinga Estuary". Report to the Department of Fisheries, South

Australia. (Unpub'lished) tO pp ¡ Appendices.
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for colonisat'ion is not known. This is in many respects a bio'logìcal desert

in comparison to the upper reaches, both pìants and animals being carried

through by the current with nothing but shifting sand upon which to settle.

The salinities are, usual'ly maintained near to those of seawater (36-37 p.p.t.)

and this is probably the onìy region of the estuary to get a comp'lete change

of water between each high water.

In common with other South Australian estuaries, the mouth of the

0nkaparìnga has been blocked from time to time by a sandbar. Such a situatjon

occurs regu'larly and semipermanently with rivers such as the Inman and Hind-

marsh which would have otheru¡ise offered similar environments to the Onkapar*

inga. A species of _Zg$erg- has been collected from both these rìvers (&:lgfq
muelleri (?) coll. 9.11.1928, J.B. Cleland (AD) according to den t-tartog, 1970)

but there has been no evidence of the continued existence of Zostera over the

last three years (personal observations). The mouth of the 0nkaparinga does

not appear to have been blocked since early in the 1960's when for several

summers blockage occurred and the water appeared to stagnate. Local residents

were inconsistent in their estimates of how frequently this had happened in

the past.

In conclusion the 0nkaparinga estuary comprises an environment which

does not appear to be common elsewhere in Australia. Its topography and

'large'ly winter freshwater flow leaves it having more in common with estuaries

such as the Kowie estuary in south-eastern South Africa (Giffen 1970) than it
does with those of south-eastern Australia where the precípitation is much

higher. A comparison between the species described in Chapter 2. and those

described by Giffen (1SZO¡ shows a marked similarity between the South Afrjcan

estuarine diatom flora and that of the Onkaparinga estuary.
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I.2. A'ims and h'istory of periphyte research.

I.2.1. Epjphyton or periPhyton?

A prec'ise definition of what to call the bjocoenoses that develop

in association with varjous types of substrate has eluded aquatic ecologìsts

for more than 50 years.

l4any terms have been suggested over the years, mostìy of German

origin, such as "Nereiden" (Gams 1925), "Aufwuchs" (Seligo 1905), "BewuchS"

(Hentschel 1916) and "Perjphyton" (Behn'ing 1928). Cooke (1956) has given a

good review of the orìgins of these terms and it is not proposed to repeat

his review here.

Eng'l ì sh workers and some European workers have preferred to use

"benthos" in the general sense (Abdin 1950; Douglas 1958; Lund & Talljng 1957;

Round 1971) to djfferentiate such communjtjes from the p'lankton. In revìewing

the terminology, Sládeðková (1962) cons'idered that "benthos" was more likeìy

to be interpreted as those communities assoc'iated wjth the bottom, 'i .e.

sediments or rock, and not wjth substrates genera'lìy.

The issue of what terminology to use has been further confused not

only by the pìethora of terms but by indjvidual authors us'ing partjcular terms

with d'ifferent implied or defined meanings. For example, "Aufwuchs" can mean

commun'itjes assocjated with substrates of various types, as origína1ly intend-

ed (Seligo 1905) or more narrowìy as communjties specifjcally associated with

plant substrates (Naumann 1931). A sim'iìar problem arises from the wide use

of the term "Peniphyton". In the strjct sense of the word it should imply

organisms associated with plant substrates on'ly, not as orìginaìly intended

by Behning (1928) and supported by Sládeðková (1962) as pìants ("phyton")

1iving associated w'ith some undefined substrate. However ìn the same paper

Sl ádeðková (1962) used the groupS "ep'iphyton" , "epi zoon" , "ep'il'ithon" and

"epìpeìon" for communities which develop upon plants, animals, rocks and sed-

'iment respectiveìy, that is, in the strjct sense of the term used.

The epithets "epi-" and "peri-" have been frequent'ly confused partly

due to confusion over periphyton and epiphyton. For the purpose of th'is study
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then, i t i s proposed to use the fol ì owi ng termi noì ogy.

Perìphyton: The commun'ity of organisms assocjated with plant substrates.

Th'is includes "epiphyton" and to some extent the ,'perìpelon,,

( see Ch.4. 3. ) .

Epi phyton: Th'is term i s reserved for the organ j sms wh j ch are actual'ly

attached to a plant whether by ceìl to cell contact or by use

of a stjpe or pad of extruded material.

In a similar manner "peni-" could be used for any community assocìated with

a particular substrate and "ep'i-" can be retained for those organisms which

are actual'ly attached to the substrate, a specìalised subgroup of the overall

community. In the generaìised sense all communities assoc'iated wjth substrates

could continue to be called "benthos" as favoured by Round (tgZt) or, follow-

ing the lead of 5rámek-Huõek (1946), use the term "periholon" for substrate

associated communit'ies and "epiholon" for attaching communities.
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I "2.2. Aj ms of peri. phyte research.

The fjrst diatoms described urere periphyton species (MtllIer 1773)

but the majorinterest of the early investigators was in the study of plankton

species as an integraì part of generaì fjsheries research. Most of the early

ecological studjes were therefore plankton orientated and many of the commun-

ity concepts urere developed with respect to plankton organisation. It was not

until the second quarter of the Twentieth Century that attentjon was focr.lsed

upon the periphyton and the benthos generaì1y as being worthy of more than just

taxonomic investigation (e.9. Phifer 1929; Carter 1932-1933; Ghazzawi 1933;

Godward 1934). These authors attempted to correlate spècies' distributions

between samples with broad environmental variations and th'is approach has

changed very'little since, except for the advent of multivariate ana'lytical

techniques. There have been few investigations of the permanently submerged

periphyton assemblages as the majority of reports have dealt with the more

easily sampled littoral or eulittoral regions of lakes (e.g.Godward 1937;

Brown & Austin 1973), estuaries and coasts (Carter L932-1933; Ghazzawi 1933;

castenholz 1963,1967; Edsbagge 1965¡ Evans & Stockner rglz; Hopkins 1964;

Hustedt & Aleem 1951; Main & Mclntire 1974; Mclntire & Overton 1971). The

heritage from plankton studjes is evident from the two basic conceptual frame-

works from whjch periphyton investigations have been approached.

Taxonomi c studi es I ed natural ìy to 'investi gat'ions of the d j stri but-

ions and co-djstributions of species and eventually to interest in the species'

structure of different assemblages and how these differ with different envir-

onmental conditions. The interest in pollutants of aquatic systems has led to

a variety of indices which attempt to "quanti'fy" differences between assemblages.

Near'ly all rely on the concept of a "healthy" system being that with the maxi-

mum variety of genetic information as measured by diversity of genera and

species. The community structUre approach includes studies of colonisation

and succession of seJected assemblaqes but these have usua'lly been carried out

upon artificial substrates (e.9. Mclntire & Wulff 1969; Aleem 1958;
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IlcIntire & Overton 1971; Brettum I974; Hendey 1951; Wood 1950,1955). It is

like'ly that the concern over foul'ing of ships which led to the investjgations

of Aleem (i958), Wood (1950,1955) and Hendey (i951), together with the deveìop-

ment of the "diatometer" to collect periphyton spec'ies (patrick et al. 1.954;

Patrick & Hohn 1956), has stimulated far more înterest in attachìng communities

than might have otherwise occurred.

The alternative approach to periphyton study is derived from an

interest in community or system production and the environmental factors which

affect the potential production of any assembìage (Allanson 1973;H.Allen 1971;

Hickman I97I; Hickman & Klarer L974,1975; Mason & Bryant 1975; Mclntire

1966; Mclntire & Phinney 1965; Newcombe 1949). ThÍs approach to aquatic ecol-

ogy was developed to study p'lankton, where the majority of production at any

tÍme is often provided by only a few species. In periphyton assemblages such

a situation is not so common and as many as ten to fifteen species may be "co-

dominant". There is therefore always the potential for loss of useful infor-

mation in the study of production if the species present are not anaìysed. It
is conceivable that two samples containing two different sets of species would

give the same estimates of production under two different sets of environmental

conditions (see Ch. 6.).

Periphyton, as with other substrate associated assemblages, has been

recognised as valuable in monitoring aquatic environments, part'icularly in

shallow and flowing systems. Unlike the plankton, benthic assemblages do not

float away with the water but remain to be resampìed later. To follow the

dynamics of the assemblage does not therefore require the refinding of the

body of water first sampled. The ecologicaì disturbance caused by some change

in the environment can therefore be monitored at various distances from the

source by permanent assemblages which respond to short and long term distur-

bances, the effects of which might not be picked up by a study of the plankton.

The need to monitor and understand the effects of increasìng human interfer-

ence upon aquatic systems has given a sense of urgency to the study of both
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natural and polluted waters, wjth part'icular reference to the benthjc assem-

bì ages .

Estuaries have been forced to bear the brunt o't much of the world's

industrial pollution, recjeving poìlutants both from upstream and from cornmun-

ities formed on their banks. At the same time, many of the world's estuarjes

are important in coastal fisheries, e'ither as hatcheries or as the site for

the fìshery. A'few, such as Chesapeake Bay in the U.S.A., support a multi-

million dollar fishing industry with a vested interest in keeping the estuary

producti ve .

The estuarine environment is very complex and therefore of interest

regarding the ecolog'ical adaptations required of the organisms which either

live there permanently or for varying periods of time. There is the need to

study and understand the dynamics of natural assemblages of species in an

estuary, or any other system, before an understanding can be gained of the

changes brought about by pollution in one form or another. In addition, the

techniques and methods used must produce meanìngfu'l results that will not mis-

I ead the i nvesti gator ( see Ch . 6. ) .

This study contributes to both the understanding of periphyton

dynamics in the estuarine environment, as represented by the Onkaparinga

estuary, and the value of some of the methods used in research on the diatom

peri phyton .
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1.3. Aims of the project.

This study was organ'ised to jnvestjgate various aspects of the

diatom periphytes (particularly the epìphytes) of Zostera blades from

the subljttoral of the estuary. Sampìes were collected from June to

November, L974 and from March 1975 to February 1977. The sublittoral was

chosen in contrast to the jntertidal study of Main & Mclntire (1974), and

it was recognised that tjme would not permit investigation of the complex

effects of emergence which would be part of an jntertjdal study. In

addition, the method of estimating blade and community age relied on

information based on permanently submerged blades.

It was first necessary to observe the seasonal changes in the

peri phyton assembl ages and determ'ine the samp'l ing f requency whi ch coul d

be most informative without being too tjme consuming. The injtia'l period

between sampf ing was two weeks. This t'ied in wjth the samp'les be'ing taken

from blades which had been available for colonisation for two weeks.

Samples were taken while the assemblages were still developìng,

so that the colonisation sequence through to the "mature" assemblage

could be investigated (see Ch.4.). This was also necess'itated by the

few reported studies on colonisat'ion by diatoms, part'icularly of natura'l

substrates. The studies using art'ificial substrates emphas'ised the role

of plankton as a source of colonising cells. Such a result would be

expected due to the lack of alternative sources The Zostera bl ade i s 'in

close prox'imity to the other already colon'ised blades, the plankton, and

the peripelon which could move up off the sedjments. Only the more

mature cormunities and the plankton were like'ly to provjde a source of

new epiphyte species (the basis of most of this study) and were therefore

sampled to observe any relationships between the new assemblages and

these potential sources of colon'ising species.

The epiphytes were chosen for close study because they were

derived from a few, easily recognisable species which formed a major

component of the perìphyton. Unlike the moti'le species, the epìphyte
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species had also evolved to be dependent upon soljd substrates such

as the Zostera blades. Thus the Zostera sampìes were likeìy to be

representative of the distribution and abundance of epiphyte spec.ies.

This could not be said of the moti'le specjes where sediment sampìes

would probabìy give a better apprajsal of thejr d.istr.ibutions.

The 14 day o]d assemblages were then sampled to permit a

comparison between various physico-chemical environmental parameters

(representing the ambient environment at the tjme of sampìing) and

selected aspects of the periphyton, particuìar1y the common epiphyte

species (see ch. 5.). vjable cell dens'itjes were chosen as the most

convenient biomass estimate. Other aspects, such as total cell voìume,

would probably have been equally informat'ive, though gìving a d.ifferent

bias to various species. The emphasis was to get the most mean.ingfu'l

informatjon from the samples. Furtherinformation such as species'

proportions in both viable and cleared ceìl sampìes, and presence and

absence data from cleared cell sampìes were also obtained. These were then

compared with the information derived from viable cell densities to
investigate to what extent the type of assemblage indjcator affects the

impì ied environmental and interspecjfic relationships. Such a basjc inves-

tigation had, apparentìy, not been reported for d.iatom sampìes, despìte

the wide use of cleared cell proportions as a basis for diatom studjes.

Finally, an aspect which is partially recognised in chapter 2

is the use of the diverse estuarine flora including freshwater and marine

species, as the basis for a register of Australian djatoms whjch jncludes

the previous records (if any) , d jstribut'ion and description of al'l species

observed. This is necessitated by the paucity of pubìicatjons describing

diatoms from the Australasian regìon. Some descript'ions of specìes from

Australian collections can be found in a few European publ'icatjons (e.g.

Castracane 1886; Schmidt et al. 1874-1959). The most intensjve studies

have been of the fossil diatoms of the Oamaru deposìts ìn New Zealand

(0oig I962a,b; Grove & Sturt 1886,1Bg7a,b,ct Latour lBBg; Reed 1958;
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Schrader 1969) and of some of the Austral ian d'iatom'ite deposits (e.9.

Crespin t947; Skvortzow 1937). Marine and estuarine recent djatoms

described by the late E.J.F. llood (Crosby & l^lood 1958, 1959; Wood 1961a,

b, 1963; Wood et aì. 1959) represent the onìy other studies of note.

Wood's collection and slides are not generally available and would require

extensive curation if found (Dr S. Jeffrey, pers. comm.). Thus the

collections from this and future studies will proceed without acknowledge-

ment to the Wood collection. A dupìicate set of taxonomjc slides wjll

form serjes D of the Phycoìogy herbarium, Department of Botany, the

University of Adelaide (designated ADU-D).
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2. I'HE TAXA OBSERVED.

2.I. Key to the genera encounter'ed.

Introducti on.

The fol'lowing key includes all genera wh'ich have so far been observ-

ed in periphyton samples from the Onkaparinga estuary. Those genera included

in the ecoìogical study (see Ch. 2.2.) are des'ignated by an asterisk and an

a'lphanumeric index (e.g. G2. Melosira*) which refers to the order of treat-

ment of that genus 'in chapter 2.2.

The key is díchotomous and relies entirely upon features observable

in the ìight microscope. Use is made of pub'lished information using the

Scanning Electron Mìcroscope (SEM) in the recognition of Cox's (19i5) re-

erection of Berkleva Greville emend. Cox but the key uses only those features

observable in the light microscope. Amphiprora is allied to Plag i otropi s

(Tropìdoneis) and is not transferred to any of the nitzschioid groups as

suggested by Paddock & Sims (1977). This is partly due to the uncertain

pos'ition of Amphiprora and partly to the canal raphe system of this genus

being unobservabie in the f ight mìcroscope.

KEY TO GENERA ENCOUNTERED

Cells circular to elliptical wjth concentric, radial or irregular

structure. 2

Cells linear, lanceolate to ell'iptica] or ovate sometimes arcuate

or sigmoid, structured relative to a line, radiate, parallel, con-

vergent or irreguìar. 9

2. Cells mostly discoid or cylindrical, círcular in valve view. 3

2. Cells approximately rectangu'lar in g'irdle view, valves

ellipticaì to po'lygonal. Valves often havìng elevations,

ocelli, pseudo-ocelli, horns or setae. 7

Valve divided into radial sections by alternating elevations and

depressions. Acti no hus

3. Valve not divided into radial secions by alternating elevations

and depressions.

1

1

3

4
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5

5

65

4. Cells cylindrical, typically combined to form long or short

qhai ns . Val ve wal I usual 'ly thi ck. G2. Mel osi ra*

4. Cells shortly cyìindrica'l or discojd, solitary or aggregated

int<¡ loose chaìns by mucoid strands. Valve wall generaìly

weakly silicified.
Cells forming chains by fine muciiaginous filaments or solitary.

Valves with an obvious central pore, valve sunface fìne'ly struc-

tured. Thalassiosira

Cells mostly soìitary, valve surface distinctly structured.

6. Valve with radia'l1y ribbed margin and distinct, variously

structured central region. G1. Cyc'l otel 1 a*

6. Valve with areolate structure, not with a radially ribbed

margi n. Cosci nodi scus

Cells with two long setae per valve, joined by linking at the

base of the setae. Chaetoceros

Cells with terminal elevations in each of which is developed a

pseudo-ocel I us.

B. Cells bipolar. Biddulphia

7

7

I

B. Cells tripolar.

9. Celìs without raphes.

9. Cells with at least one raphe.

10. Cel I s wi th consp'icuous gi rdl e septa.

10. Cells without septa.

11. Apical axis isopoìar.

11. Apical axis heteropoìar.

L2. Cells with two paired septa, septa undulate.

Tri cerati um

G5. Grammatophora*

10.

23.

11.

16.

12.

14.

12. Cells with numerous septa and numerous girdle bands. 13.
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13. Girdle bands strikingly and dìstjnctly structured; some septa

formed across the cel I . Rhabdonema

13. Girdle bands fine'ly strucutred; septa formed only around the

poles of the girdle bands. G10. Striatella*

14. Septa formed only around the apica'l poìe of the valvo-

copu'lae . G6. Lícmophora*

14. Septa formed across the cell from one side of each valvo-

copu'la to the other, not in the pole.

15. Septum bri dgi ng the ce1 'l once near the api cal po'le.

'Li cmosphaeni a

15.

15. Septum bri dgi ng the ce'l f i n many pl aces . Cl imacosphaenia

16. Valves distinguished by strongly developed transap'ica'l ribs. 17.

16. Valves without strong'ly developed transapicaï ribs. 18.

17. Valve with a broad structureless central area bound at each end

by a broad transapicaì rib. Ribs few. G8. Plagiogramma*

17. Valve without such a central area, ribs many. Diatoma

18. Cells forming fìat, stellate colonies; valves with a

narrow median axiaì area. Asterionella

18. Cells not forming such colonies. 19.

19. Apical axis heteropolar, striae broad and apparently not punc-

tured G7. Opephora*

19. Apical axis isopolar. 20.

20. Cells in girdle view with a distinct pervalvar constric-

tion below the pole.

20. Cells without a pervaìvar constriction.

G3. Dimeroqramma*

2L.

21. Cells solitary or at most, with three cells joined together at

both poles. G11. Synedra*

2L. Cells forming band-like colonies. 22.

22. Valves with transapical rows of large, round areolae.

G9. Raphoneis*

22. Valves ornamented differentìy G4. Fragilaria*



!7

23. Raphe brief, formed near the poìes on each valve, apical axis

bowed. Eunot'ia

23. At least one valve of each cell with a fully deveìoped raphe.

24. 0n1y one valve of each cell with a fully deveìoped raphe,

the otlier valve with an unpunctured axjal area or with a

rudimentary raphe.

24. Both val ves wj th a deveì oped naphe.

25. Cells usualìy bent around the apìcal axis, so'litary, with the

raphic-valve adjacent to the substrate, never forming stalks

and chains. Valve vìew mostly e'lliptical.

25. Cells usually bent or reflexed around the transapical axis,

soì i tary or formi ng fol i ose or band-l i ke col oni es . Val ve vi ew

mostly linear to lanceolate, rarely elliptical.

26. Cells with a conspicuous inner framework of thick

silicate ribs. Campyloneis

'¿.4.

25.

?.8

26

27.

26. Cells without such a framework. G13. Cocconeis*

27. Apicaì axis isopoìar. G12. Achnanthes*

27. Apicaì axis heteropoìar, upper valve with a rudimentary

raphe. G14. Rhoicosphaenia*

28. Raphe set into the valve surface with the valve wall often

thjckened on either s'ide of the raphe físsure, not a

canal raphe system. Alternatively the raphe may be formed

in the apex of a median keel or extension of the valve

surface and if so, panduriform in girdìe view. 29

28. Raphe is a "canal raphe system" supported by transapica'l

f i bul ae, often transapi ca'l 'ly di spl aced toward the val ve

margin, sometimes on a keel or extension of the valve

surface or margin. 44

29. Apical axis or transapicaì axis or both heteropolar. 30

29. Both the apical and transapicaì axis isopolar. 32
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30. Apical axis heteropolar ìn g irdle view.G20. Gomphonema*

30. Apical axis isopolar, transap'ica1 axis heteropolar.

Apical axis sljghtly bowed, nearly straight. Cymbel I a

J1.

33.

34

31.

31.

35

35

Ap'ica1 axis prominently bowed. G16. Amphora*

32. Raphe formed on a keel or extension of the valve sur-

face, mostly in the midline of the valve or sigmoìd.

32. Raphe formed in the valve surface, valves not distinct-

ìy keeled.

33. Raphe formed on a sigmoid keel. G15. Amphiprora*

33. Raphe formed on a straight, medjan keel. G24. Pìaqiotropis*

(Trop'i donei s )

34. Cells with margina'l septa on wh'ich septal chambers are

formed ( "1ocul i ferous p'l ates " ) .

34. Cells without marginal septa.

Api ca'l axi s si gmoi d .

G22. I'lastoql oi a*

Apical axis not sigmoid (though the raphe may be sigmoid).

36. Raphe fissures veering away from the midline at the

central node. Puncta arranged to give the impression of

two sets of lines crossing at right angles, one set of

whi ch i s paraì'lel to the ap'ical axi s . G21 . Gyrosi gma*

36. Raphe fissures formed straight along the midline at the

central node. Puncta arranged to give the impression of

two sets of lines both set obliquely to the apÍcal axis.

G26. Pleurosigma*

37 Ce'lls twisted around the apical axis or raphe more or less

sigmoid, obliqueìy orientated to the valve structure, the raphe

of one valve crossing that of the other at an acute ang'le.

Sco I i ool eura

Cells not twisted around the apical axis, raphe general'ly

parallel to the valve structure.

35.

36.

37.

37

38.
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38, Raphe flanked by 'lateral tubes ("horn-1ìke processes")

proceeding from the central nodule to each pole and open-

'ing externaì1y via a ljne of distjnci puncta or areolae

formed para'llel to and near the raphe . G19. Diploneis*

39

38. Valves without such processes.

Valves with a greatly extended central nodule, axial area

broader where jt surrounds the raphe. Cells usually enclosed

i n mucoi d tubes . G17 . Berkl e.ya*

39. Cells not so structured.

40 . Val ve wal I wi th transapi cai chambers on the -'i 
ns i de ,

separated by ri bs.

40. Valve wall punctate or transverse'ly striate, transapical

lines without obvious chambers.

41. Rib interstices (the outer wall of the chamber) hya'line,

broad, not obviously punctured. G24. Pinnularia*

41. Rib interstices narrow, fjnely or coarseìy punctate.

G27 . Trach.ynei s*

43.

42. Valve with transapical rows of puncta crossed by one or

more narrow, lateral, hyaìine areas. GlB. Caloneis*

42. Valves without such lateral lines.

Central area thickened and unpunctured, extended to the

valve margin (i.e. a stauros). Stauronei s

43. Central area mostly limited to the centre of the valve.

G23. Navicula*

44. Valves with one raphe, often disp:laced towards the margin

44. Valves with a raphe formed around both margins.

45. Valves bowed about the pervalar axis or with transapical septa.

45. Valves linear, sigmoid, or ovate to almost circular, raphe of:-

ten on or near the valve margin.

40

39

4t.

42

43

45.

49.

46.

47.
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46. Valves borved with the raphe formed mostly towards the ven-

tra'l margjn but more or less recurved towards the dorsal

margin at the centre. Septa present. G30 . Ep'i thern j a*

46. Valves boweci with the raphe formed on or near the dorsal

margin and sl'ightly recurved towards the ventral margin.

Septa absent. G32 . Rhopa'l odi a*

47. Cells forming laminar colonies, within which the indíviduals

g'lide in unison to enable colony movement. Raphe straight

fol I owi ng the val ve mi dl i ne. GzB. Bacillaria*

47. Cells not formjng such colonies, raphe usually displaced to-

wards the margin or totally or part'ial1y raised above the valve

surface on a median keel. 48.

48. Valves with one side slight'ly constricted or geniculate

near the centre or straight, both raphes formed on the same

side of the cell, if one margin constricted than both raphes

formed on the unconstricted margin. Hantzschi a

48. Valves not so formed, raphes formed on or towards the

diagonally opposite margins of the cell or in the valve

midline. G31. Nitzschia*

49. Cells saddle-shaped, apical axis of each valve para11el to the

transapica'l axis of the other valve. G29. Campyl odiscus*

Cells cuneate, ovate to a'lmost circular in valve view with nearly

flat valve surfaces, apicaì axis of each valve in the same line.

G33. Suri rel I a*

49



?t

2.2. Descriptions of and comments on the species.

The number of species investigated here was restricted to one

hundred or fewer due to l'imitations of the computing programs used for data

ana'lyses. Such a restriction was useful because the number of taxa actually

observed numbered at least two hundred and fifty. Most of these taxa were

on'ly observed in one or a few samples and'in many cases were represented by

one or a few valves Ín any one sample. To the ecologist these re'lat'ive'ly

rare species are of interest for the genetic diversity which they represent

and hence the potent'ia1 for change in conmunity structure with environmental

variation. However, rare species represent a 'large source of variance whjch

potentially cou'ld render useless many of the mathematical tools developed to

analyse the data. To reduce the numbers, presence in six or more sampìes was

taken as the basis for inclusion of any taxon in this ínvestigation. Most

of the taxa therefore rejected were species of Navicula and I'litzschia wh'ich

were ìike'ly to be peripelic species having potentia'l distributions quite

different to those implied by their occasì'onal appearance in the periphyton.

Some of the epÍphyte taxa were also omitted due to infrequent occurrence,

including marine species such as Climacosphaenia monili gera, Rhabdonema

adriaticum, Melosira sulcata, Licmophora ehrenbergii, L. hyalina and

Licmosphaenia peraqallii in addition to freshwater species of Cymbella and

Gomphonema.

The following notes and descriptions are set out in five phylo-

genetic aroups with genera arranged in alphabetical order within each group.

The last group is perhaps controversial as it contains both the N'itzschiaceae

and Surirellaceae, turo groups which at least in part appear to have close

phylogenetic orjgins and are joined here by the common feature of the canal

raphe system. Descriptions and termino'logy follow the outlines suggested in

Anonymous (1975) and Hendey (tO0+¡. Where possible species' names follow

those considered appropriate by van Landingham (1967-) or Mills (1933-1935).

The species' order within genel.a follow their numbering in the analyses and

are therefore not necessarily alphabetic.
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GR0UP 1: The disco'id taxa.

G1. CYCLOTELLA Kutzi ng 1833

Number of taxa observed: 3

Number of taxa included in study: 1

S1. C.yclotella s pecies 2 (Fig. 8A,B)

1. Frustule.

0utline in girdle view: Rectangu'lar-cyìindrical with central undulation

of valve face visible.

Length of pervalvar axis: 5-12 pm.

Chloroplasts, protop'last: Chloroplasts smal1, granular, 15-20 per ce11.

Çrowth habit: Solitary or sometimes in brief cha'ins of two to three

cells. Attaches to substrates by extrusion of mucoid strands from

the marginal tubes.

2. .Gi rdl e.

Shape of bands: Open bands with ligulate copulae.

Areolation or striation of bands: None evident.

Density or number of bands: (3-')4(-5).

3. Valve.

0utline: Circular.

Shape: Slight'ly convex. central area with a single undulation. Strìae

formed in depressions between costae.

Diameter: 10-18 ym.

Relative size and shape of areas: Central area takes up ha'lf to two

thirds the valve diameter and is surrounded by a marg'inaì band of

radiate, alveolate striae supported between radiate costae. Valve

margin and mantle marked by projections varying in size from spines to

granuì es .

Shape of striae: The central half of each alveolate stria is composed

of large punctae and the marginal half composed of very sma'li punctae.
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Specìa1 features: The central area is ornamented rryjth broad verrucose

radi ate ri dges .

Density of striae: I2-13ltO ym at the marg'in.

Tubes: Apparently located in most of the costae on the margin, one per

costa wheÉe present. Structure sìmple, not a strutted process.

Spines: Located around the marg'in and mantle, rareìy on the valve face.

Usual'ly one or at most two longer sp'ines at the marginal end of each

alveolus, the rest are smaller (spinules and granules) and scattered.

Shape: Conical, 0.7-0.8 ym long for the majn sp'ines, reducing to 0.1-

0.5 pm long for the others.

Density: Spines 12-13/ 10 ym, others 54-60/ 10 pm.

4. Reproduction: Unknown.

5. Resting spores: Unknown.

6. Ecology and distribution: An euryha'line taxon found throughout the

estuary both in summer and winter. The irregularity of appearance

suggests that this is only adventjt'iously found in the periphyton and

i s probably pl anktoni c 'i n orgi n.

7. Remarks: This appears to be the same as an unnamed species illustrated

i n Round ( tgZO, pl ate B) .

G2. MELOSIRA C. Agardh 1824

Number of taxa observed: 4

Number of taxa included in study: 2

Key to taxa studied.

1. Valve face distinctly convex with a circular central area de-

'lineated by a collar of fused spines. Valve mantle not differen-

tiated from the face. 52. M. sp.l

1. Valve face virtually flat with no collar. Cell cylindrical.

53. M. varians
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S2. Melosira species 1. (Figs BC,D;94,8)

1. Frustule.

0utline'in girdle vjew: 0val-rectangu'lar.

Length of pervaìvar ax'is: 17-31 pm.

Chloropìasts, protoplast: Choloroplasts ovoid, B-30 per ceì1.

Growth habit: Colonial. Attached to substrates or other cells by

extrusion of a nluci'laginous pad from within the collar. In addition

to the maintenance of the maternal cingulum wh'ich causes cells to be

found in pairs, this species forms ìong cha'ins (sometimes of thousands

of cells) by attachment between the central areas of adiacent valves.

2. Girdle.

Shape of bands : 0pen wì th I 'igu'l ate copu'ì ae.

Strjation of bands: Punctate striae paraìlel to the pervalvar axìs,

65-70/10 ¡rm. Punctae round to el ongate 'i n the perval var di rect'ion.

Band margins unpunctured.

Number of bands: 7-75 'in maternal cingu'lum.

3. Val ve.

0utl i ne : C'ircul ar.

Shape: Semj -cyl ì ndrj cal .

D'iameter: 12-40 ¡lm inversely reìated to length of pervalvar axis.

Relative s'ize and shape of areas: A narrow colìar separates central

and marginal areas of the valve and may enclose an area the diameter

of whjch varies from a third of the diameter of large valves to almost

the entire diameter of narrower valves.

Shape of areolae: Composed of a loculus occluded external]y by a

crjbrum and'internally by a rota. Pentagonaì to sexagonal.

Arrangement of areolae: Reticulate.

Densjty of areolae: 20-43/10 ¡lm at the marg'in and aìong a rad'ius.

Labiate processes

Location: Scattered over the valve, most concentrated withjn the

central area, formj ng a ri ng paraì I el to and near the edge of the
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valve where it ioins to the valvocopula'

Shape: Sess'ile, forming a sl'it'in the internal wall and open'ing

externally v'ia a very brief tube"

Densi ty: 3-4/I0 ¡rm radi al 1y i n the margi naì area .

9-10/10 ¡rm rad j al ì y i n the central area .

Spi nes

Location: Scattered over the marginal area or absent.

Shape: Varyi ng from smal I granules to acute, con'ical sp'ines 1 ft
long.

Dens'ity: 5-I7 /10 ¡rm

4. Reproduction: Auxospores intercalary, autogamous. Derived from the

fusion of two out of four, f'lagellated gametes.

5. Resting spores: Unknown.

6. Ecology and distribution: An euryhaìine taxon found in the estuary

throughout the year. Maximum numbers are reached when salinitjes are

between 10-20 p.p.t. and the ambient phosphorous and nitrogen levels

are high. At such times it often forms a pìankton bloom.

7. Remarks: This taxon belongs to the group of Melosira including

M. nurnmul oi des , M. varians and M. monjliformis (Crawford 1975a) having

the characteristic wall structure. In girdle view species 1 resembles

M. arctica, but the auxospores are very different. Alternatively it

resembles M. nummuloides excePt for the broad collar of M. nummuloides

and the loculae are not so reguìarly arranged. M. nurnmul o'ides al so

has the ring of fused spines whìch form a collar in thjs taxon and

generalìy appears to be its nearest relatíve (Crawford 1975b)

Specimens have been sent to Dr Crawford and he is yet to decide iust

what this form is or where it be'longs.

53. Melosira varians C. Agardh 1827:628

van Heurck 1896 :44I,fig.165,p1.18/611. Hustedt 1930 :240'242'fi9.100

Crawford I97I 176-L84,figs l-28;1975a :42,figs 13-15.

(FIG.9C,D)
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Ecology and distribution: A freshwater taxon found when there is continu-

ous freshwater flow'into the estuary and then only'in the upper reaches..

This does not jmpìy that 14. varians is a winter spec'ies as it wjll be

found after good summer ra'ins and is generaì'ly abundant in the reaches

upstream of the estuary throughout the year. A cosmopolitan freshwater

s peci es .

GROUP 2: The araphic taxa.

G3. DIMEROGRAI1MA Ral fs 'in Pri tchard 1861

Number of taxa observed: 1

Number of taxa included 'in studY: 1

54. Dimerogramma minor (Gregory 1857) Ralfs 'in Prìtchard 1861:790

Hustedt 1959:118,fi9.640. Hendey 1964:156,p1 .27 /12-

Denti cul a mjnor Gregory 1857:23,p1 .2/SS.

(rte.1oA,B)

Ecoìogy and distribution: A euryhaìine taxon wjth a ljmited salinity

tolerance, generalìy found in the middle reaches, moving downstream when

river flow lowers the middle reach salinities below 15 p.p.t. The upper

salinity range appears to about 25 p.p.t. but D. m'inor has not been ob-

served'in ìarge numbers at any tjme. Associated wìth Licmophora sp.3 and

Plaqioq ramma staurophorum (see Ch.4.3.). Also recorded from the Britjsh

Isles, Europe, North America and the Caribbean (McIntjre & Moore 1977).

G4. FRAGiLARIA Lyngbye 1819

Number of taxa observed: 1

Number of taxa included in studY: 1

S5. Fragilaria pinnata Ehrenberg 1841:415,p1.3/6,fig.8

Hustedt 1913 in Schmjdt et al . 1874-1959:p1 .197 /47-50,52-54 ;298/47-68,

70-74. Hustedt 1959: 160-162,fi9.671a-i . Haworth 1975:74,76,fìgs 6-13.

(FIc. loc,D)

Ecology and distribut'ion: A cosmopolitan freshwater taxon found in the

upper reaches of the estuary when river flow drops the ambient sal'inity

below 5 p.p.t.
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Remarks: Thìs taxon shows a similar variatjon in morphology to the

specimens observed by Haworth (tgZS) in Scottish gìacial sedjments. The

smallest frustules'are of the F. elli t'ica Schumann type wjth striae com-

posed of round to linear elìipt'ical punctae and stria density 14/10 pm.

Larger valves have progressjvely more sl'it shaped perforations in the striae

and the stria density decreases to 11/i0 ym with an apical axis length of

7-8 pm.

G5. GRAMMATOPHORA Ehrenberg 1839

Number of taxa observed: 2

Number of taxa included 'in studY: 1

56. Gramma toohora oceanica Ehrenbe rg 1840 : 159;1854:pl . 1B/87,I9/ 36,39 /?,fi9.72

Hustedt 1959:45,fi9.573. Hendey 1964:170.

(FIG.10E-G)

Ecoìogy and distributjon: An euryhaljne taxon found throughout the estuary

except when the river is flowing strongìy. Generalìy found to grow best

in the mjddle reaches of the estuary where the nutrient levels are gener-

aìly hìgh. 0n the coast outside the 0nkaparinga river and other parts of

St Vincent Gulf this specìes is usually replaced by G. undulata except in

very sheìtered areas. A cosmopolitan species of temperate waters, recorded

from all the continents except the Arctjc (McIntjre & Moore 1977).

G6. LICI'IOPHORA C. Agardh 1827

Number of taxa observed: 7

Number of taxa included in studY: 3

Key to the taxa studied.

1. Valves linear-cuneate. Valve surface finely striate nearìy hyalìne.

Api cal ax'is 100- 190 pm. S7. L. fl abel I ata

1. Valves cuneate, ap'ical axis less than i00 pm, if narrow then coarse-

ly striate, if nearly hyaline then broadly cuneate - 2

2. Valves broadly cuneate, striae fine almost hyaline.

SB. L. sp.3

2. Val ves narrow cuneate , strj ae coarse , obvj ous .

59. L. sp.4
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S7. Licmophora flabellata Carmichael ex C. Agardh 1831:41

van Heurck 1896:342,p1.31/852. Hustedt 1959:58,fi9.581. Hendey 1964:

168,pl .26/5.

(FrG. 11A)

Eco'logy and distribution: An euryha'line taxon with a preference for

salinities higher than 15 p.p.t. and usually found in the middle to

lower reaches of the estuary.

Remarks: 0f interest is the presence of slits (rudimentary lab'iate

processes?) on either side of the pseudoraphe. These have also been

noted by Giffen (1970) in his description of L. pfannkucheae, a closely

related species (Gjffen 1970:278-9,p].3/41,42). A cosmopolitan species

recorded from all the cont'inents except Afrjca and the Arctic (Mclntjre

& Moore 1977).

SB. Licmophora s pecies 3 (Fig.118,C)

1 . Frustul e.

Outl ì ne i n gi rdl e vi ew: Cuneate

Length of perval var axì s : 17-30 pm at ap'ica'l po'le , 4-5 pm at basal

po'l e.

Protop'last, chl oropl asts : Chl orop'lasts numerous , granul ar, usuaì 'ly

clustered in the top two-thirds of the cell.

Growth habit: Forms fineìy foliose colonies, each ce]l extrudìng a

ìong, narrow, mucojd stipe (approx. 100 pm x 3-4 ¡rm) from the basal

(narrow) po'le .

2. Girdle.

Shape of bands:Open, varyìng from 2 pm broad at the basal pole to

4-5 ¡rm broad at the apical pole.

Striation of bands: Finely punctate striae directed paraì1e1 to the

pervaìvar axis (56-57/10 ¡m).

Number of bands: 3 increas'ing to 5 prior to division.



29

Septum formatjon: A marginal septum'is formed in the apicaì pole of'

the valvocopuìa and extends 4*5(-B) ¡rm 
'into the cell at the apìcal

poìe. From there it tapers toward the margin on either side to1'orm

a ridge within 10-12 pn from the apicaì poìe and is present as such

on the inner surface of the rest of the band.

3. Val ve.

Outì j ne:, Cl avate w'ith the basal pol e capi tate-produced .

Shape: Convex with an almost flat valvar-p'lane.

Dimensions: Apical axis 40-52 p^,transapica'l axis 7-10 ¡m.

Relative size and shape of areas: Striae cover.the entjre valve

surface except for the median axial area (pseudoraphe) which extends

from pole to pole and is 0.8 ¡rm broad.

Shape of striae: Fine punctae formed so close together that they

almost form narrow, straight s1its.

Arrangement of striae: Paralìel. The striation is sufficiently fine

for the valve to appear hyaline jn the light microscope.

Density of strjae: 37-38/10 p.
Apical pore fields: A series of 10-16 slits in the margin of the

basal pole form the Licmophora version of an apical pore field. The

s'l i ts are 0.5-0 .6 ¡m 
'long and di rected paral l el to the pervaì var

axis.

Labiate processes

Location:0n one edge of the axial area 1-2 ¡rm from the basal pole.

Shape : Ovo-trí angu'l ar, transapi ca'l ly di rected. Opens fl ush wi th the

exterior of the valve. One per valve.

4. Reproduction: Unknown.

5. Resting spores: Unknown.

6. Ecoìogy and distribution: Marine to euryha'tine taxon, usually present

when salinities are greater than 20 p.p.t.
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59. L'icmophora species 4 (Fìgs 11D,124)

1. Frustule.

0utl 'i ne i n gi rdl e vi ew: Cuneate wi th the val ve margi n brì ef 'ly

recessed at the ap'ical (broader) po'le.

Length of perva'lvar axis: 30-42 pm at apical pole, 4-5 pn at basal

po'le.

Protoplast, chloroplasts: Chloroplasts numerous, granular, clustered

in top two-thirds of cell.

Growth habit: Forms finely foliose colonies, each ce11 extruding a

'long, narrow mucoid stipe (usuaììy broader in girdle view than in

val ve vi ew) f rom the basal po'l e.

2. Girdle.

Shape of bands: Valvocopula open, linear. Copulae, when present,

open, broader at apical pole than at basal pole, usual'ly formed as

part of the cel 'l expans i on pri or to di vi s i on .

Striation of bands: Pervalvar directed, paralleì striae e'ither side

of the septum on the valvocopulae and across the breadth of the band

on the copu'lae. Striae 43-44/10 pn.

Number of bands: 3-5.

Septum formation: A marginal septum js formed in the apica'l poìe of

the valvocopula and extends 2-3 yn into the cell at the apical pole.

From there it tapers toward the margin on either side to form a

ridge within 4-5 ¡rm from the apical po'le and is present as such

around the inner surface of the rest of the band.

3. Valve.

Outline: Clavate wíth the basal pole narrow, capitate-produced.

Shape: Convex with an almost flat valvar plane.

Dimensions: Apical axis 60-82 y^, transapiual axis 7.6-8.3 /rt.
Relative size and shape of areas: Striae cover the entire valve

surface except the median axial area which extends from po'le to pole

and is 3.0-3.5 ¡m broad.
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Shape of striae: Composed of a line of apícally directed slits
(0.45 ¡m x 0 .12 yn).

Arrangement of striae: Paral I el .

Special features: Density of strjae differs between the two sìdes of

the valve so that the striae vary from alternate at the basal po'le to

opposite three-quarters of the way along the valve towards the apica'l

poìe. Density of slits per stria 57-58/ i0 pm. Density of strjae

15-16110 pm.

Apical pore fields: A series of 6-7 slits in the margin of the basal

po le form the Licmophora versjon of an apical þore fie'ld. The slits

are 0.1-0.2 yn long and formed paral'leì to the pervalvar axis.

Labiate processes

Location: In the centre of the axial area, l-2 ym from the basal

pole and 0.5.1.0 f* from the apìcal poìe.

Shape: Hemispherical with a ìinear slit directed away from the

api cal axi s .

Density: One at each poìe.

4. Reproduction: Unknown.

5. Resting spores: Unknown.

6. Ecology and distribution: Euryhaline, does occur in water of less

than 15 p.p.t. sal'inity but grows best in the 25-35 p.p.t. range.

7. Remarks: Comparison with electron micrographs of L. ehrenberg'i forma

grunowiÍ (Okuno in Helmcke & Krieger 1970:voì.7,p.L6,p1.669-670)

indicate a close affinity w'ith this species by way of the type of

stria structure.

G7. 0PEPHORA Petit 1888

Number of taxa observed: 1

Number of taxa included in study: 1
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S10. Opephora martyi Háribaud l9O2:43,p] .B/20

Hustedt 1959 : 135,fj g.654.

(Frc. 128)

Ecoìogy and d'istrjbut'ion: The occurrence of this taxon in the periphyton

i s very errati c suggesti ng perhaps a pl ankton'ic 'l 'i festyl e wi th probably

freshwater affinìt'ies due to its appearance after the river has been

f I owi ng strong'ly .

G8. PLAGI0GRAMT'IA Grevi I le 1859

Number of taxa observed: 1

Number of taxa included in studY: 1

S11. Plaq ioqramma stau rophorum (Gregory 1857) Heiberg iB63:55

Hustedt 1959 : 110,fi9.635.

Denticula staur hora Gregory 1857:24,p1 .2/37.

(FIG. tzc)

Ecology and djstribution: A marine to euryhaljne taxon often associated

W1 t,h Dimeroqran'ma mi nor and Li cmopllora sp .3 (see ch . 4.3.) and

usually found in the middle to lower reaches of the estuary. Also

recorded in the British Isles, Europe, North America and the Caribbean

(Mclntire & Moore 1977).

G9. RHAPHONEIS Ehrenberg 1844

Number of taxa observed: 1

Number of taxa included 'in studY: 1

S12. Rhaphonei s surirella (Ehrenbe rg 1840) Grunow in van Heurck 1880

var. australis (Petit 1877 ) Grunow 'in van Heurck 1880: Atlas

p1 .36/276

van Heurck 1896:330,p1 .10/398. Hustedt 1959:!74,fi9.679d.

R. fasciolata var. australis Petit' 1877:vol .3'p.I74'pl .4/6.

(ile . 12D)

Ecoìogy and distribution: A marine to euryhaline taxon occurring in

salinitjes above 20 p.p.t. and therefore collected'in the m'iddle to

lower reaches of the estuarY.
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GlO. STRIATTLLA C. Agardh 1832

Number of taxa observed: 1

Number of taxa included in study: 1

S13. Striatella unipunctata (Lyngbye 1819) C. Agardh 1832:61

Hustedt 1959 : 32-33,f i g.560

Fragi ì ar j a un'ipunctata Lyngbye 1819 : 183,p'l .62/G.

(FIcS 12E,13A)

Eco'logy and distribution: A cosmopolitan marine to euryhaline species

growi ng best i n sal 'i ni ti es of 30 p .p . t. or more .

G11. SYNEDRA Ehrenberg 1830

Number of taxa observed: 6

Number of taxa included in study: 4

Key to included taxa.

1. Valves with two marginal axial areas, no median axial area.

S17. S. fulqens

1. Valves with a single median axial area.

2. Valves with a large unstructured central area reaching to

the margin. S14. S. pul chel'la var.

I acerata

2. Yalves without an obvious central area. 3

3. Valves with broad, obvious striae formed near the margin leav'ing

a linear-lanceolate axial area. S15. S. tabulata

3. Valves very finely striate, appearing hyaline in the ìight

microscope, axial area straight and very narrow.

S16. S. sp. aff.

I aevi qata

2
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s14. Synedra pulchella (Ralfs ex Kützing 1844) Kützing 1844

var. lacerata Hustedt 'in Schmidt et al. 1874-1959:pì

Hustedt 1959 :L92,fig.6B8c.

(FIG.13B,C)

.3oo/32,33

Ecoìogy and distribut'ion: A cosmopolitan freshwater taxon only found in the

estuary when the rjver is flowìng strongìy and the salinity is less than

2 p.p.t. Common in the rest of the Onkaparinga throughout the year.

S15. Synedra tabulata (C. Agardh 1332) Kützing 1844:68,p'l .15, figs X,1-3

Hustedt 1959 : 2IB-220,f i g. 710a-d.

Diatoma tabulatum C. Agardh 1832:50.

(FrG. 13D-F)

Ecoìogy and distribut'ion: A genuinely euryhaline taxon found throughout

the estuary, throughout the year, regardless of saìinìty. Grows best in

the regi on between 5 - 15 p. p. t. sal 'in'ity. Found throughout the worl d

'including the Arctic (fqclnt'ire & Moore 1977).

Remarks: Fig. 13E illustrates the trend, which is more evident'in other

estuarine species ( see Achnanthes brevi pes var. 'intermed'ia and Coccone'is

scutellum below), of tolerat'ing a range of vaniation ìn valve morphology and

structure. This is probab'ly due to the minor effects of variation compared

to the major evolution of a physiology capabìe of withstanding great

fluctuations of environment.

516. Synedra sp . aff. laeviqata Grunow 1877:166 ,pl .193/3

Hustedt 1959 : 213-214,f i g. 706a-c.

(FIG.14A,B)

Ecology and distribution: One of the few taxa in thjs study which can be

described as a "summer" species. Generalìy ìimited to sal'initìes higher

than 25 p.p.t., between January and June, the "rainless" months'in this area.

Remarks: This taxon differs from S. laevi ata by its fjner striae, 54 -

56/10pm instead of the 34 - 38/10¡rm of the type.

S17. Synedra fulgens (Greville i827) W. Smith 1853:vol .1 ,p.74,p1 .12/I03

Hustedt 1959 : 228,230,fi g. 7 17 a.

Exilaria fulgens Greville 1827:vQl.5,pì .291
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Eco'logy and distribution: A nrarine to euryhaline taxon found where

sal'inities'exceed 25 p.p.t. Conunonly occurs with Striatella unipunctata,

L'icnrophora fl-ebelþta and Rhapholeis surirella var. australjs (see ch.4.3.)

GROUP 3. The monoraphic taxa.

GIz. ACHNANTHES Bo ry 1822

Number of taxa observed: 10

Number of taxa included in study: 4

Key to included taxa.

1. Val ves more than 30¡m 'long , ì i near , axi al area on araph'ic val ve

excentric, usua'lly formed near the margin. Striae areol'ate, central

area of raphic vaìve a stauros. S1B. A. brevipes var.

i ntermedi a

I . Val ves I ess than 30pm 'l ong , rostrate-l anceol ate , axi a'l area on both

valves med'ian, striae punctate, centraì area of raphÍc vaìve not a

stauros. z

2. Axial area of araphic vaìve ljnear-lanceolate, central area marked

byoneslightlyshortstria. S21. ô.species3
2. Axia'l area of araphic valve linear, centraì area marked by more

than one short stria. 3

3. Central area of araphic valve formed by three short striae, only on

onesideof axialarea. S19. A.spec.iesl
3. Central area of araphic valve delineated by a broadening of the axial

area and an obvious gap between two central striae on one side.

S20. A. species 2

S18. Achnanthes brevipes C. Agardh 1824

var. intermedia (KützÍng 1833) Cleve 1895:193

Hustedt 1959 :425- 426 ,fig .877 d ,e.

A. intermedia Kützing 1833:48,fig.56.

(FrGS 14F, 15A-E)

Ecology and distribution: A low salinity euryhaline taxon growing wel'l in

salinities between 2 p.p.t. and 20 p.p.t. but found in salínities up to
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30 p.p.t. The reaction to freshvrater or stagnant, eutroph'ic conditiolrs js

to undergo a series of 2 - 3 rapid acytokinetjc djvisjons produc'ing a new

pa'ir of valves each time. Each succeedìng valve has nlore of the vela blocked

off and the whole structure of the valve becomes more variable (Fig. 15[).

It js unknown whether th'is ìs a successful strategy for surviv'ing env'iron-

mental stress, as is the productìon of resting spores by Chaetoceros

specìes. Most cells seen in this condìtion are necrotic and it'is like'ly

that the strategy mìght oniy be successful in the advent of a brief env'iron-

mental change lasting no more than a tidal cycìe (10 - L4 hours).

S19. Achnanthes s pecìes 1 (Fig. 16 A-D)

I Frustul e.

0utl 'ine i n gi rd]e vi ew: Narrovr rectangul ar, sl i ghtly bent at centre.

Length of pervaìvar axis: 1 Ht

Protoplast, chloroplasts: Chlorop'last single, H-shaped in each valve

and joined in the middle of the cell.

Grovlth habi t: Sol i tary, moti ì e.

Gi rdl e.

Shape of bands: Linear.

Striation of bands: None.

Number of bands: L per valve.

Val ve.

Outline: Lanceolate, apex rostrate.

Shape: Rectanguìar, valve face slightly convex. Araphic valve with

axial area and central area concave.

Dimensions: Apical axis 14 - 25pm, transapicaì axis 5.0 - 7.31t.

Relative size and shape of areas: Transapicaì axis heteropo'lar. The

central area scarcely developed to one side of the axial area but tak'ing

up one quarter of the valve width on the other side. In the raph'ic

valve, the raphe is developed on the side of the axial area in which

the central area is most developed. The central area bounded by 3 or 4

brief striae.

Shape of striae: Raphic valve striae composed of apically directed slits.

2

3
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Araphìc vaive striae conìposed of three rows of punctae becotning four

rows of puncta.e within lyrn of the margin.

Arrangement: Radi ate.

Density of punctae/striae: Raphic valve,35 - 40 sl'its/lO¡rm on each

stria, 14 - 2? striae/l0pm. Araphic valve, 67 punctae/l0¡m on each

stria, 15 - 16 striae/10pm.

Raphe.

Location: To one side of the axial area in the raphìc valve.

Structure: At each pole the raphe curves towards the side on which the

enlarged central area is found. The terminal fissure changes direction

oblique'ly to curve away towards the opposite margin. At the centre the

raphe again curves slightly towards the enlarged central area so that

the central pore ìs just off the main'line of the raphe. Central nodule

is 0.5 - 0.8pm between central pores. Outer fissure almost straight.

4. Reproducti on : Unknown.

5. ReSting spores: Unknown.

6. Ecology and distribution: A freshwater species found commonly in the

upper reaches of the estuary and appears to survive salinities up to

l0 p.p.t.

S20. Achnanthes s pecies2(Flgs17A-D)

1 Frustul e.

Outline'in gird'le view: Narrow rectangular, slightìy bent at centre.

Length of pervaìvar axis: ca. 0.3¡m.

Protopl ast, chl oropì asts : tlnknown.

Growth habit: Solitary, motile.

Gi rdl e.

Shape of bands: Linear.

Striation of bands: None.

Number of bands: 1 per valve.

Val ve.

0utline: Broad-lanceolate, apex rostrate.

Shape: Mantle brief, valve face flat to slightly convex.

2.

3.
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3B
Dinrensions: Apìca1 axis 11 - 20¡rm, transapicaì axis 4.8 - 8.3¡.tm.

Relative size and shape of areas: Transapicaì axis heteropolar. One

side more inflated than the other. 0n the less ìnflated s'icie of the

araphi c val ve there i s one central stri a r^/hi ch i s brief 1y devel oped,

varying from half the'length of other striae to almost nothing. The axjal

area stra'ight and 0.2 - 0.3ym broad. The raphic va.lve, almost hyalìne

in the light m'icroscope, is seen in the SEM to have striae which

delineate a large, ovate central area v,rhjch takes up half the valve

wi dth .

Shape of striae: Striae on the araph'ic valve cornposed of lines of

closely packed punctae (4-5 punctae/line) which are angled away from

the apical axis, the angle becoming most obvious midway between the

centre and the poles, where the punctaì lines are parallel with a l'ine

directed from that point to the central nodule.

Amangement: Radjate.

Density of punctae/striae: Raphic valve, punctae 70 - 7l/ 10¡m in each

stria, striae 8 - 16/10Fm. Araphic valve, punctae 123 - t24/L0Fn in

each stria, striae 8 - lZ/L}yn.

Raphe.

Locat'ion: Aìong the apical area of the raphic valve.

Structure: Straight, central nodule 0.8 - 0.9pm long.

4 . Reproducti on : Unknown.

5. Rest'i ng spores : Unknown .

6. Ecology and distribution: A freshwater taxon found in the upper reaches

of the estuary unless the river infìuence extends further downstream.

Achnanthes species 3 (sp. aff. atacamae Hustedt 1927) (Fig. 18 A,B)

1. Frustul e.

0utline in girdle view: Linear-rectanguìar, slightly bent at centre.

Length of pervaì var axi s : 0 .2 - 0. 3¡tm.

Protopl ast: Unknown.

Growth habi t : Sol i tary , moti'l e.

2. Girdle: Unknown.
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Outf ine: Rhombic, apex cuneate to cuneate sub-rostrate.

Shape:.Valve face flat, margin broader at the po'les than'bhe centre

on the raphic valve. Marg'in broader at the centre than at the poles on

the araphic valve.

Dirnensions: Ap'ical ax'is 24 - 27ym, transap'ical axis 7 - BFt.

Relative s'ize and shape of areas: Transapical axís heteropolar. Raphic

valve central area developed to one sjde of the axial area due to one

central stria being one-third the ìength of the rest, and the two

flanking striae to the central stria aro two-th'irds to three-quarters

of the length of the rest of the striae. 0n the other side of the axiai

area the central area is marked by the central stria being half the

ìength of the rest. One flanking stria may be slightly shorter than the

rest. 0n the araphÍc valve a small centr.al area is developed on the

same side as that of the raph'ic valve with one central stria being

three-quarters of the ìength of the othens. Araphic axial area lÌnear-

I anceol ate.

Shape of striae: Unknown.

Arrangement: Radial.

Density of striae: 13/10¡m.

Raphe.

Location: In the median axial area.

Structure: Straight, centra'l nodule 0.7pm long.

4. Reproducti on : Unknown.

5. Resting spores: Unknown.

6. Ecoìogy and distribution: A freshwater to low salinity euryhaline

species with an erratic distribution 'in samples from the upper reaches

of the estuary.

7. Remarks: This taxon is larger than the Feruvian species described by

Hustedt (tgZl, p.237, p1.7/L,2), with an apical axis of 24 - 27ym

versus 14 - 18ym and transapical axis of 7 - 8pm versus 4 - 5¡rm. In

addition the striae are more broadly spaced (13/10Fm versus 1a - 16/10fm)
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and the central s'bria on one side of the araphic valve is always shorter

than those around it. l-hese differences probably requ'ire at least

varietal status f or "spec'ies 3" and 'if the m'inimal variation betlveen

other Achnanthes s pecies is taken into account, this taxon could be

given spec'if ic status.

G13. COCCONEIS Ehrenbe rg 1838

Number of taxa observed: 9

Number of taxa included 'in study: 6

Key to taxa studied.

1. Raphe sigmoid.

1 . Raphe s tra'i ght.

S25. C. pellucida

2. Raphic valve with the central transapical rib broader than the

others . 527 . C. scutel I um var.

stauronei formi s

2. Raphic valve without such a distinct rib. 3

Araphic valve with areolate striae supported by transapical and apicaì

ribs. S23. C. scutellum

Araphic valve with punctate striae or striae formed of fine slits.
4. Val ves ovoi d , di sti nct'ly bowed about the api cal axi s .

524. C. pediculus

4. Val ves el 'l i pti ca1 , nearìy f 1at.

Striae 17/I}¡n, valves elongate elliptical with cuneate apices.

526. !_.sp.4
5. Striae 19/10pm, vaìves elìiptical. 522. C. pl acentu'la var.

eugì.ypta

522. Cocconeis placentula Ehrenberg 1.838

var. euglypta (Ehrenberg 1854) Grunow 1884:97,pl.1(A)/g

Cleve 1895:170. Hustedt 1959:349,fi9.802c.

C. euglypta Ehrenberg 1854:pl.34/64,fi1.2.

(FrG. IBC-F)

Ecoìogy and distribution: A cosmopolitan freshwater species but capab'le of

tolerating salinities up to 1.5 - 20 p.p.t. and may be found well into the

2

4

3

3

5

5
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lower to mjddle reaches of the estuary.

S23. Cocconejs scutellum Ehrenberg 1B3B:194,pì .14/A

Schmidt et al. 1874-1959:p1.190/17-2I. Cleve 1895:170. van Heurck

1896 : 286-287,fi9.65,p'l .8/338. Karsten 1928:27I,fig.360a,b. Hustedt

1959:337,fi9.790.

(FIGS 19A-E, zoA)

Ecology and distribution: A cosmopolitan euryhaline taxon found both in

freshwater and in quiet coastal waters. Recorded throughout the world

'including the Arctic (Mclntire & Moore 1977). Even more variable 'in

frustular architecture than Achnanthes brevipes var. intermedja (see fj g.

19 C,D) .

s24.

s25.

s26.

Cocconeis pedjculus Ehrenberg 1B38:194,p1 .2I/tt
Cleve 1895:169. van Heurck 1896:288,p'l .B/340. Hustedt 1959:350,

fi s .804 .

(rte.2oB,c)

Ecology and djstribution: The erratic distribution of this taxon jn

collectons gives no 'indjcation of its ecological requirements.

Coccone'is pel lucida Grunow in Rabenhorst 1863:2I,p1 .6/II
Cleve 1895:178. Hustedt 1959:357-359,fi9.812

.(FIGS 20D,E 21A,8)

Eco'logy and distribution: A marine to euryhaline taxon found generalìy in

the m'iddle to lower reaches of the estuary where the salinity exceeds

20 p.p.t.

cocconejs species 4 (sp. aff. placentula var. euglypta (Ehrenberg 18s4)

Grunow 1884) (F'ig. 21 C,D) .

Ecology and djstribution: A freshwater taxon found more commonìy in the

middle reaches of the estuary than var. euglypta.

Remarks: This form differs from var. euglypta in the e'longate e'lliptical

valve outline with cuneate apices. In addition it has a lower strial
dens'ity (17l10pm) than var. euglypta (19/1O¡rm) or c. placentula (zs/t}pn).

Poss'ibìy an ecotype of var . euq l.ypta .

527. Cocconeis scutellum Ehrenberg 1838

var. stauroneiformis Rabenhorst 1864:sect.1,p.101
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Cl eve 1895 :170. van Heurck 1896 :287 . Hustedt 1959 :339 , fi 5.792 .

(FrG.21E-G)

Ecology and distrjbut'ion: A cosmopolitan marine to euryhaìine species

comnon in the lower reaches throughout most of the yearr particular'ly

when salinities are in excess of 25 p.p.t.

Remarks: A comparison between figures 21 G and 19 E gives rise to some

doubt whether th'is 'is a good varìety of C. scutellum. The impressìon

gaìned from the light mìcroscop e is that thìs taxon is a C. scutellum

wi th a broad central transap 'ical nib . However, C. scutel I um has I ocul i

occl uded by a velum and var. stauroneiformis has loculi occluded by a rota.

A close study of the araph'ic valve would be needed prior to mak'ing any

change aìthough'it would appear that this taxon should be elevated to

become a separate species.

G14. RHOICOSPHENIA Grunow 1860

Number of taxa observed: 1

Number of taxa included in study: 1

SZB. Rhoi cos henia curvata (Kützing 1833) Grunow 1868:B

Hustedt 1959 : 430-432,fi9.879

Gomphonema curvatum Kützi ng 1833:39,fi9.51.

(FrG. 22A-D)

Ecoìogy and distribut'ion: A cosmopolitan freshwater to euryhaline taxon

confined to the upper reaches of the estuary. Grows best ìn saljnities

lower than 2 p.p.t.

GR0UP 4. The naviculoid taxa.

G15. AMPHIPRORA Ehrenbe rg 1841

Number of taxa observed: 5

Number of taxa included in study: 2

Key to taxa studied.

1. Valves with keel slightly sìgmoid, narrow.

about the apical axjs.

1. Val ves wi th keel markedly s'igmoid, broad.

api cal axi s.

Cell straight not contorted

S29. A. sp. 1

Cel I contorted about the

S30. A. alata
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S29. Amphiprora specìes 1 (Fig. 23 A)

1 Frustul e.

Outline in girdle view: Panduriform-rectangular.

Length of perva'lvar axis: 20 - ?Lyn.

Protoplast, chloroplast: Unknown.

Growth hab'it : Sol i tary, moti I e.

Gi rdl e.

Shape of bands : L j near , cl osed. Val vocopu'lae 2pm broad , copu'lae

1.5 - 1.6pm broad.

Striation of bands: Pervalvar directed striae 38 - 39/10Pm.

Number of bands: 5

Val ve.

Outl i ne : Narrow, I anceol ate.

Shape: Almost the entire valve forming the keel supporting the raphe.

Dimensions: Apicaì axis 40 - 56pm, transapical axis 5pm.

Relative size and shape of areas: Most of the valve forms the keel

except a small region around the central nodule. There is no central

area and the axial area is confined to the apex of the keel.

Shape of striae: Unknown.

Arrangement of striae: Parallel.

Dens i ty of strí ae : 33 - 34/101¡m.

Raphe.

Location: In the axial area at the apex of the keel and median to the

axial area.

Structure: Maximum extension of the keel occurs within 10pm from the

pole after which it narrows towards the valve face at the central

nodule. Central noduìe narrow, no more than 0.3pm long.

Reproduction: Unknown.

Resting spores: Unknown.

Ecology and distribution: A freshwater taxon, found only in the upper

reaches of the estuary, rarely down as far as the 6km station and

then on'ly during periods of strong river flow.

4

5.

2

3

6.
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S30. Amphiprora alata (Ehrenberg 18404) Kützjng 1844:107,p1 -3/63

G16.

Cleve 1894:15. van Heurck 1896:262,fig.52'pl.5/289. Hustedt 1930a:

340,fi g.625. Hendey 1964:253,39/74-L6.

Navicula alata Ehrenberg 18404 :2I2.

(FIG. 238,C)

Ecology and djstribution: A freshwater to euryhaline taxon found

generally in the upper reaches. Has been found down to the 8km station.

A case could be made for a substrate limited distribution but this would

require a study of the periPelon.

AMPHORA Ehrenberg 1840

Number of taxa observed z 26

Number of taxa included in studY: 8

Key to taxa studied.

1. Valves with semicuneate to semicuneate-obtuse apíces. 2

1. Valves with semirostrate-capitate to semicap{tate-produced apices. 6

2. Valves with a straight ventral margin. 3

2. Valves with a slightly concave ventral nurgin. 5

3. Valves apparent'ly hyaline or very finely striate.

536. A. hyal i na

9 . Val ves obv'iously stri ate .

4. Valves with a broad, straight axial area. S31. A. sp. I

4. Valves with a narrow, recurved axial area. S34. A. sp. 4

5. Valves less than 20ym long. 536. A. sp. 7

5. Valves more than 25pm long. S8. A. proteus

6. Valves more than 30¡m long. S35. A. sp. 5

6. Valves less than 20pm long.

7. Valves narrow semilanceolate with semirostrate produced apices, seen

as hyal ine in the I ight microscope. S2. A. sp. 2

7. Valves semiellipticaì with semirostrate-capitate apices, seen as

obviousìy striate in the l'ight microscrop

S31. Amphora species 1 (Fig. 23 D,E)

1. Frustule.

4

7

e . 533 . A. coffeaeform'i s



2

45

Outline in g'irdle view: Truncated linear-rhombic to rhombic-lanceolate.

Length of pervaìvar axis: 8.5 - 9.4¡lm.

Protop'last, chl oropl asts : Unknown .

Growth habit: SolitarY, motile.

Girdle.

Shape of bands: Uniform'ly broad on the dorsal side and narrowing

abruptly at each pole to be uniformly narrow on the ventral side.

Striation of bands: None.

Number of bands: 3

Val ve.

Outl ine: Semi rhombic.

Shape: Valve face flat, dorsal margin increases in breadth from the

poles to a maximum opposite the central nodule.

Dimensions: Apical axis 20 - 48¡m, transapical axis 3 - 6pm.

Relative size and shape of areas: The axial area is relatively straight,

situated near and parallel to the ventral margin, broadening out to-

wards the ventral margin near the centre of the valve. Width of axial

area at poles 0.6ym, width at central nodule 1.3 - 3.Opm depending on

cell size.

Shape of striae: Composed of transapically directed slits, 0.3ym long.

Arrangement: Radiate.

Density of punctae/strjae: Slits 72/10¡m of stria. Striae L7 - 18/10¡lm.

Raphe.

Location: In the axial area, the terminal pore is on the ventral s'ide

of the axial area, the raphe then curves towards the dorsal side of

the axial area and back again to the vehtral side just prior to the

central nodule.

Structure: Central nodule 0.5¡rm long. Terminal fissure curves towards

the dorsal side of the pole.

Reproduction: Unknown.

Resti ng spores : Unknown.

Ecology and distribution: A euryhalíne taxon for¡nd throughout the

3.

4.

5.

6.
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estuary throughout the year. Most conmon in salinities below 25 p.p.t.

Remarks: Th'is would appear to be a neêr relation of the comron marine-

brackish water spec'ies A. angusta Gregory 1857

Amphora species 2 (Fig. 24 A,B)

1. Frustule.

gutline in g'irdle view: Narrow lanceolate with rostrate apices.

Length of perva'lvar axis: 7 - Bpm

Protopl ast , ch'loropl asts : Unknown.

Growth habit: Solitary, motile.

2. Girdle.

Shape of bands: Each valvocopula spl'it into two or three narrow bands

on the ventral side and five or six straight bands on the dorsal side.

Individual "bandlets" fused at each poìe.

Striation of bands: Fineìy punctate, pervalvar directed striae, 45 -

461 lolm.

Number of bands: Two compìex valvocopulae.

3. Val ve.

Outline: Semilinear-lanceolate with semicapitate produced apices.

Shape: Valve face flat with the thickly developed axial area forming

an outstanding'ledge on the ventral marEin. Surface of the axial area

slopes toward the valve mantle at an ang'le of 30 - 400 to the valve face.

Dimensions: Apicaì ax'is 14 - 31¡lm, transapìcal axìs 2.5 - 3.2Y^.

Relative size and shape of areas: The axial area forms the ventral

margin of the valve and has some blind striæformed in its ventral side.

The axial area is almost straight on the ventral margin but broadens out

dorsally near the central nodu'le on the dorsal side. The striae are

interrupted by a narrow band which is developed parallel to and iust in

from the dorsal margin. Axial area 0.8¡ør broad at the poles and 1.7 -

1.8pm broad at the centre.

Shape of striae: Composed of a finely perforated velum covering the

spaces between transapicaì ribs.

Arrangement of striae: Radiate.

s32.
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Density of striae: 43 - 44/ 10pm.

Raphe.

Location: In the axìal area. The polar nodes are alnlost on the ventral

marg'in. The raphe then follows the line of the dorsaì edge of the

ax'ial area to the central nodule remaìning 0.8 - lpm away from the

dorsal edge.

Structure: Central nodule 0.3ym 'long, terminal fissure curves dorsaì1y

from the term'inal pore to cut the dorsal edge of the axial area.

4 . Reproduct'ion : Unknown .

5. Rest'ing spores : Unknown .

6. Eco'logy and distrìbution: Apparently a freshwater to euryhaline taxon

but occurs too erraticalìy to alìow any definite statenlent of its

eco'logi ca'l preferences .

Amphora coffeaeform'is (C. Agardh IB27 ) Kützing 1844:10B,pl .5/37

Schmjdt et al. 1874-1959:pì.26156-58. Hustedt 1930a:345,fig.634.

Helmcke & Krìeger 1962:vol .1,p.16,p] .76.

Frustulia coffeaeform'is C. Agardh 1827:.627 .

(FrG. 24C)

Ecology and distribution: Part of the freshwater species associat'ion but

capabì e of tol eratj ng a wi de range of sal i ni ti es . Dj stri but'i on general ìy

restricted to the upper 6km of the estuary. A cosmopolitan specìes

recorded from all continents except Asia (t"lctntire & Moore 1977).

Amphora speci es 4 (sp. aff. I i neol atq Ehrenberg 1843: p1 .1/3 ,fig.12 )

Schmidt et al . 1874-1959 :p1 .26/5I. van Heurck 1896:138,p1 .1/10.

Hustedt 1930a:346,fig.636. Cleve-Euler 1953:100,fig.694.

(F IG . 24D ,E)

Ecology and d'istribut'ion: A marine to euryhaline taxon found'in the mjddle

to lower reaches of the estuary. 0ccurs most'ly durìng the dry months of

February to June but is present in at least one sample per sampling period

during the rest of the year.

Remarks: The type form of A. lineolata is alnlost recta ngul ar i n g'irdl e vì ew

s34

and "species 4" has much more inflated valves. This js the only detectable
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difference and "species 4" could probably be considered as the local form

of this species.

S35. Amphora specìes 5 (Fig. 25 A)

1. Frustule.

0utline in girdle view: Truncated broad-lanceolate.

Length of perva'lvar axis: 10 - 21¡m.

Protoplast, chlorop'lasts: Ch'loroplast "H"-shaped wìth two lobes in the

dorsal side of each valve.

Growth habit: Solitary, motile or sedentary on .olonial diatoms or

f i I amentous a'l gae.

2. Girdle.

Shape of bands: Each valvocopula is narrow and straight on the ventral

side but broadens out on the valve edge to become semilanceolate on

the dorsal side. Each band spìits into 4 - 5 separate bands on the

ventral side and 10 - 15 bands on the dorsal side. The bandlets may

be fused to each other or free.

Striation of bands: Each "bandlet" has rows of very brief striae

composed of 2 - 3 brief apically directed slits. Striae 12lL0¡m.

Number of bands: One complex valvocopula per valve.

3. Val ve.

Outline: Semielliptical with apex capitate produced.

Shape: Sem'iclavate vrith the dorsal mantle broad and ventral margin and

mantle composed of the thickened axial area.

Dimensions: Apical axis 30 - 64¡lm, transapical axis 6 - 11.5pm.

Relative size and shape of areas: The axial area is formed by a broad,

thickly developed ridge which forms the ventrat marlin of the valve.

There are some briefly deve'loped, blind striae formed on the ventral

side of the axial area. Att the functional striae are fonned dorsalìy

to the axial area. Axial area slightìy broader in the region of the

central nodulê, 2 - 3pm broad.

Shape of striae: Composed of 0.? - 0.5¡m ìengths of close'ly organised,

apically directed slits. Each length is separated from the next by a
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0.1 - 0.2¡rm broad api cal ly di rected bar'

Arrangement of striae: Radiate.

Density of striae: Dorsal margin B - 16/10Fm. Ventral margìn 13 -

22/l1yn.

Raphe.

Location: t',ledian to the axial area, veers towards the ventral margin

at the poìes and veers towards the dorsal margin at the centre.
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Structure: Central nodule 2 - 2.5yn long. Terminal fissure is develop-

ed around the pole on the mantle.

4. Reproducti on : Unknown.

5. Resti ng spores: Unknown.

6. Ecology and distribut'ion: A euryhaline taxon distributed throughout

the upper reaches and associative analyses link it with the freshwater

taxa.

Amphora hya'l i na Kützi ng 1.844 : 108 ,pl .30/tg

Schmidt et al. 1874-1959:pl.26/52-55. Cleve-Euler 1953:100,fi9,693.

Hendey 1964:265,pì .37 /10.

(FrG.25B)

Ecology and distribution: A marine to euryha'line taxon found in the middle

reaches during the dry months and the mìddle to loþ/er reaches during the wet

months of August to December.

Amphora species 7 (Fig. 25C)

1. Frustul e.

Outline in girdle view: Not seen.

Growth habit: Solitary, motile.

2. Girdle: Not seen.

3. Valve.

Outline: Semielliptical with the ventral surface slightly concave.

Shape: Valve face slightly convex, ventral mantle scarcely deve'loped,

dorsal mantle broadest at the centre.

Dimensions: Apical axis 15 - 18¡m, transapical axis 2.9 - 3.2y.

Relative size and shape of areas: Central area rectangular, longer on
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ventralìy to the raphe, narrow.

Shape of striae: Punctate, narrow.

Arrangement of striae: Radiate dorsaììy, convergent ventrally.

Density of strjae: 2I - 2?/ 10ym.

Raphe.

Location: In the axjal area, starting from the termjnal pore 'it

curves dorsal'ly before curving back to the central nodule, one-quarter

of the valve width from the ventral margin.

Structure: Central noduìe 0.2 - 0.3pm 'long.

4. Reproductì on: Unknown.

5. Restìng spores: Unknown.

6. Ecology and distribution: An euryhaline taxon of uncertain affìn'itjes

due to i ts errat'ic d j str j buti on i n the sampl es .

Amphora proteus Gregory 1857:518,p1.13/81

Schmidt et al . 1874-1959 :p1 .27 /3. van Heurck 1896:129,pì .24/67I.

Cleve-Euler 1953 : 100-i0i,fig.673b,c.

(rre. zsD)

Ecol ogy and Di stri buti on : A cosnopol i tan mari ne to euryhal i ne speci es

growing best'in salinities in excess of 25 p.p.t. Recorded fronl all regions

including the Arctic (l'lcIntire & Moore 1977).

BERKLEYA Grev'il I e 1827 emend. Cox 1975

Number of taxa observed: 1

Number of taxa included in study: 1

S39. Berkìeya rutilans (Trentepohl ex Roth 1806) Grunovr 1BB0:1587

Hustedt 1959:721,fig.1093. Cox 1975:7,figs 31,32.

Conferva rutilans Trentepohl ex Roth 1806:179

(FrG.26A)

Ecology and distribution: A cosmopolitan euryhaìine specìes of temperate

waters. In the Onkaparinga it'is found throughout the estuary but grows

best jn the 20 - 30 p.p.t.salinjty range. The tubes in which cells of this

taxon live can often smother out the other colonial dìatoms particuìar1y

s38

G17 .
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when their numbers reach the order of two million per square centimeter or

more.

CALONEIS Cleve in Cleve & Grove 1891

Number of taxa observed: L

Number of taxa included in studY: 1

Calone'is excentrica (Grunow 1860) Boyer 1927:372

Cleve 1894:55.

Navicula excentrica Grunow 1860:545,pì .3/t.

(Frc. 27A)

Ecology and distnibution: A freshwater taxon almost restricted to the

upper reaches of the estuary. Whether th'is reflects a nutrient, salinity

or substrate demand is unknown.

DIPLONEIS Ehrenberg 1840

Number of taxa observed: 6

Number of taxa included 'in study: 3

Key to taxa studied.

1. Valve panduriform derived from lanceolate, one end of the valve larger

than the other. S41. D. abnormis

1. Valve ovate or rhomboid, not panduriform 2

2. Valve rhombic, striae composed of double rows of punctae.

542. D. smi thi i var. rhomb'ica

2. Valve broadly elliptical, striae composed of a single row of

quadrate areolae. S43. D. oval is

S41. Di pl onei s abnormis (Castracane 1886) Thomas comb. nov.*

Navicula abnormis Castracane L8B6 :27,pl.28/19.

* Castracane (1886) suggested that this was an "abnormal" form of the normally

isopolar Navicula species but having found several valves considered it
worth reporting. Van Landingham (tg0g, p. 1340) considered that Castra-

cane's spe cies was an aberrant form of Dip'loneis bombus Ehrenberg 1844. The

Qnkaparinga form of this taxon is certa'inly a separate species in its own

right or at least a variety of D. bombus and not an aberrant form of
bombus. Hence Castacane's name has been re-appìied here.

D.
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(FIG. 268,C)

Ecology and djstribution: A freshwater-euryhaline spec'ies confined to the

upper and middle reaches of the estuary when salinities fall below L5 p.p.t.

I onei s smith'ii (gréUisson in t,'l. Smith 1856) Cleve 1894

var. rhombica Mereschkowsky 7902:319,pl .2/79-21

Cleve-Euler 1953 :82,fi9.654f,9. Hustedt 1959:649,fig.1052a. Hendey

1964:225.

(rue. zoo)

Ecology and distribution: An unconmon freshwater species found in the upper

reaches of the estuary and in the areas of the river upstream of the

estuary.

S43. Di pl onei s ovalis (Hi1se in Rabenhorst 1861) Cleve 1891:44,p1 .2/13

Cleve L894:92. Hustedt 1930a :249,fig.390. Hustedt 1959 :67L-673,

fig.1064a-e.

Pinnularia ovalis Hilse in Rabenhorst 1861:N0.1025.

*tn.32c,D)

S42. D'ip

G20

Ecology and distribution: A freshwater taxon limited to the upper reaches

of the estuary except in times of strong river flow when it can be found

occasionally in the middle reaches.

G9IîPHONEMA C. Agardh 1824

Number of taxa observed: 7

Number of taxa i ncl uded ì n study: I

S44. Gomphonema constrictum Ehrenbe r9 1830

var. capitatum (Ehrenberg 1838) Grunow in van Heurck 1880:p1.23/7

van. Heurck 1896 2270,p1 .7 /297. Schmidt et al . 1874-1959:p1 .247 /72-16 '
21,24-25. Hustedt 1930a :377,fig.715. Dawson 1,973:414-415,figs 16,19.

Okuno in Helmcke & Krieger 1974:vol.9,p.33-34,pI.906.

G. capitatum Ehrenbe rg 1838 2277 ,p1 .78/2.

G. truncatum var. capitatum Patrick & Reimer 1975:119-120 ,p1 .76/4

(Frc.27B)

Ecoìogy and distribution: A cosmopolitan freshwater species of temperate

waters. Found in the Onkaparinga estuary only when the river is flow'ing
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Found in the riverstrongìy and the ambient salinity is less than 5 p.p.t.

above the estuary throughout the year.

c21. GYROSIGMA Hassall 1845 emend. Cleve 1894

s4s.

s46.

G22.

Number of taxa observed: 5

Number of taxa included in study: 2

Key to taxa studied.

1. Valves with the raphe displaced towards the convex margin for at least

the polar quarter. Usualìy more than 100¡lm ìong.

S45. G. wansbeckii

1. Valves with the raphe median to dispìaced towards the concave margin.

Usual ly I ess than 80¡rm I ong . 546. G. eximi um

Gyrosigma wansbeckii (Donkin 1B5B) Cleve 1894:119

Hustedt 1930a :226 ,fig. 340. Hendey 19642248,pl.35/5.

Pleurosigma wansbeckii Donkin 1.858:24, p1 .3/7 .

(FrG. 27C)

Ecology and distribution: A freshwater, "summer" taxon found in the

reaches of the estuary between January and June. It is quite likely that

its distribut'ion in the peripeìon is wider than occasional appearances in

the periphyton would suggest.

Gyrosigma eximium (Thwaites 1848) Boyer L927:462

Hustedt 1930a :226 ,ft1.339.

Schi zonema eximium Thwaites 1848:169,p1 .L2/t,figs 1-4.

(Frc.27D)

Ecology and distribution: This appears to be a euryhaline taxon but its

presence in periphyton samples has been too erratic for any environmental

requirements to be elucidated.

MAST0GLOIA Thwaites in l,l. Smith 1856

Number of taxa observed: 16

Number of taxa included in study: 4

Key to taxa studied.

1. Valves with a broad central area giving rise to a lateral area on either

side of the axial area. 2
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s47.

1. Valves with a small central area not gìving rise to a lateral area. 3

2. Valves wjth 15 - 30 chambers deveìoped on each side of the valve.

Eaih chamber with an obvious channel developed apicalìy on the

marginal surface. S47. M. baldjikiana

2. Valves with 3 - 14 chambers developed on each side of the valve.

The central 1 - 6 chambers are obviousìy ìarger than the l - 4

chambers which are formed on either side. S48. M. pum'i'la

3. Valves with rostrate apices, marg'inal chambers of even width and

divided by an apicalìy directed septum into double chambers.

S49. U_. sp. 4

3. Valves with subrostrate apices, margina'l chambers formed in alternating

groups of 3 - 4 broad or narrow chambers, not divided in two by a

septum. S50. M. peragal I i i

Mastogloia baldjikiana Grunow 1893 in Schmidt et al. 1874-1959:pl.188/1,2

sensu Gi ffen 1970 : 279 ,p1 .3/ 43 ,44

Cleve 1895:158,pl .2/tI. Hustedt 1959:550,fi9.981.

(FIGS 28A-C, 29A)

Ecology and distribution: An euryhaline taxon found in most of the estuary

throughout the year. Grows best in salinities between 20 and 30 p.p.t.

Observations have confirmed Giffen's (1970) description of one to two cells

forming thick muci'lagenous capsules around themselves. These cells have

also been observed as solitary and motile. The capsule formation seems to

be a defence mechanism against environmental fluctuations and does not

impìy that this taxon is an epiphyte.

Remarks: The Onkaparinga form is identical to that described by Giffen

(1970:pl. 3/43, 44) but differs from descriptions of M. baldjikiana by

having the obvious marginal channels leading from the marginal chambers.

This is a feature that would sureìy have been described by either Grunow

or Hustedt if it had been present on the European taxon as it implies a

-close relationship with the section Paradoxae of Mastoqloia.

Mastogloia pumila (Grunow in van Heurck 1880) Cleve 1895:157

Hustedt 1959:553,fi9.983. Helmcke & Krieger 1963:vol. 4,p.23-24,

s48
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p1 .371-372.

M. braunii var. pumila Grunow in van Heurck 1880:p1.4/23

(FIcS 298-H, 30A,8)

Ecology and distribution: A freshwater-euryhaline taxon found general'ly

throughout the estuary but growing best in salinities between 5 and 20

p.p.t.

S49. Mastogloia speciesa(Fig.30C-E)

3.

Frustul e.

Outl i ne i n gi rd'le vi ew: Rectangul ar.

Length of pervalvar axis: 5 - 6pm.

Protopl ast, chl oroplasts: Unknown.

Growth habit: Solitary, motile.

Gi rdl e.

Shape of bands: Linear, closed.

Striation of bands: None.

Number of bands: 2

Septum formation: A marginal septum is formed on the edge of the valve

and has a row of quadrate chambers developed upon the valvar surface.

The septum is developed to the shoulders of the rostrate apex and does

not reach the apex. Each chamber is divided in half longitudinally by

a fine septum developed paralleì to the margin. Chambers 8/1.0¡rm,

developed to 2¡m in from the margin and L¡rm wide. The chambers connect

to the outer surface through a small channel opening into a shallow

trench at the base of the mantle striae.

Val ve.

Outline: Broad lanceolate with rostrate apices.

Shape: Valve rectanguìar in section with the valve face slight'ly convex.

Dimensions: Apical axis 27 - 3lpm, transapical axis 12 - 13¡rm.

Relative size and shape of areas: Axial area very narrow, median.

Central area approximateìy circular, 2 - 3pm in diameter.

Shape of striae: Composed of a single row of small punctae.

Arrangement of striae: Radiate.

1

2
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Density of punctae/striae: Punctae 30/10¡rm of stria. Striae 24-27/I}¡m.

Raphe.

Location: In the median axial area.

Structure: Internal fissure straight, external fissure having a single

3pm ìong undulation which transfers the fissure to the opposite side

of the axial area and back again, otherwise straight. The terminal

fissure veers towards the same side of the pole as the undulation.

Central nodule lpm ìong.

4. Reproduction: Unknown.

5. Resting spores: Unknown.

6. Ecoìogy and distribution: A marine to euryhaline taxon found in the

periphyton between January and May and therefore a "summer" species.

S50. Mastosloia peragallii Cleve 1892:160,pl .23/7

G23.

Schmidt et al. 1874-1959:pI.186/39. Hustedt 1959:561-563,fi9.994.

(FrG. 3lA-c)

Ecology and distribution: A marine to euryhaline taxon found from January

to August but most common in salinities of 25 p.p.t. or more. Sometimes

found throughout the estuary.

NAVICULA Bory 7822

Number of taxa observed: 54

Number of taxa included in study: 13

Key to taxa studied.

1. Valves with a broad central area extending into a lateral area either

side of the axial area. 2

1. Valves wÍthout lateral areas. 4

2. Valves more than 100pm long. S57. N. lyra

2. Valves less than 80¡rm long. 3

3. Valves less than 20¡rm long with two lateral areas on either side of

the axial area. 551. N. dissipata

3. Valves generally more than 20¡m long, one lateral area either side of

the axial area, lateral area thickened internally.

563. N. o u nt i o'i des



4. Valves with obviousìy punctate striae. s57

4. Valves with broad striae (seen to be composed of apically directed

sl i'ts in the SEM). 7

4. Valves hya'line, I inear-lanceoìate. 562. N. ostrearia

5. Val ves I ess than 25¡lm 'long 
.

5. Val ves ì onger than 30¡rm.

7

7

s60. N. seudi ncerta

560. N. pseudincerta

6

6. Valves with striae 10 - 11/101m evenly spaced.

S52. N. marina

6. Valves with striae 14l10¡rm more widety spaced opposite the central

area than near the poles. S55. N. digitulus

Valves with radiate striae. g

Valves with some striae not radiate. 10

8. Val ves I ess than 20¡rm I ong.

8. Val ves I onger than 30¡rm.

11

9

Vaìves with a ìinear axial area and rhombic to circular central area.

S53. N: ramosissima

Valves with a linear-ìanceolate axial area and no obvious central area.

556. N. yarrensis

10. striae radiate except for a group of 3 -5 central striae which

are paralle'l and surrounded by the nearest radiate striae.

s58. N. di i toradi ata

10. Valves with non-radiate striae near the poles.

11. Vaìves with striae para'lìel near the pole. 561. N. sp.31

11. Valves with striae varying from radiate at the centre to paraìlel to
convergent near the po1es. SS4. N. avenacea

S5l. Navicula dissipata Hustedt 1936 in Schmidt et al. 1874-1959:p|.403/7-B

Hendey 1964:214,pl.37 /7. Hustedt 1966:549-550,fig.1597.

(FIc. 32A,8)

Ecology and distribution: A freshwater taxon abundant in the estuary .in

times of continuous river flow such as experienced July to October tg74.

Usua'lly limited to the upper reaches of the estuary.

9

9

552. Navicula marína Ralfs in Pritchard 1861:903
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Hendey 1964:207,p1.31/1-3. Hustedt 1966 :705-707,fi9.1697

(FrG. 334)

Ecoìogy and distribution: A freshwater to euryhaì'ine taxon found jn the

upper and middle reaches throughout the year.

Nav'icula ramosissi[a (C. Agardh 1824) Cleve 1895:26

van Heurck 1896 232,p1.5/244. Hustedt 1934 in Schmidt et al. 1874-

1959 : p'l .393/8 ,9. Hendey 1964 :194 ,pl .30/9 .

s54

Sch'izonema ramosi ssimum C. Agardh 1824:11.

(FrG. 338-D)

Ecology and distribut'ion: An euryhaline taxon found throughout the year,

growìng best'in salinjties greater than 15 p.p.t. A cosmopolitan temperate

brackjsh and marine water form (McIntìre & Moore 1977) -

Navicula avenacea (Bréb'isson 'in Brébisson & Godey 1835) Cleve 1895:15

Grunow 1BB0:34. Cleve-Euler 1953:151-152,fi9.807

Cymbel I a avenacea Brébisson in Br'ebjsson & Godey 1835:50,pì.7

(FIG. 34A,8)

Ecoìogy and distribution: A freshwater taxon lim'ited jn its penetration

'into the estuary to the upper reaches.

555. Navicula digitulus Hustedt 1943:162,figs 26-30

s56.

Cleve-Euler 1953 :175,fig.B65A. Hustedt 1966 :?52,fig.1378.

(FrG.34c)

Ecology and d'istribution: A tube-dwellìng marine to euryhaline taxon found

in most of the estuary where salinitìes exceed 15 p.p.t.

Navicula yarrensis Grunow 1876 in Schmidt et al. 1874-1959:p1.4611-6

Cleve 1895:69.

(Frc.34D)

Ecology and distribut'ion: A freshwater to euryhaìine taxon found in the

upper and middle reaches of the estuary.

Remarks: This taxon is jndicative of one of the major difficult'ies faced

in using cleared cells as a basis for ecologìcaì invest'igation. Large and

obvious though the cells are, no living cells have been seen in three years

of investigating periphyton fresh sampìes but only empty frustules. This



59

and other probìemsare referred to ìn chapter 6.

S57. Navi cul a lyra Ehrenberg 1841 :419,pì .1/1,fig.9a

s58

Schmidt et al . 1874-1959 :p1 .2/16,729/lI-14. l,/ood 1961a:680,p1 .52/lg.

Hendey 1964:209,pì .33/2. Hustedt 1966:500-502,fì9.1548.

(Frc. 34E)

Ecol ogy and dj stri butj on : A cosmopol i tan freshwater to euryhal i ne taxon

found in both arct'ic and temperate waters (Mclntire & Moore 1977). In the

0nkaparinga'it is found mainly in the upper reaches of the estuary and in

the peripeìon of the reaches above the estuary.

Remarks: hJood (196]a,p. 680, pl . 52/79) described the rhombic form

'illustrated here (Fig. 34 E ) as "N. lyra var.". 0bservatjons from the

Onkaparinga suggest that the rhombic form is a variant of the broad-

lanceolate type form and that'it'is poss'ible to find cells that are'inter-

mediate in shape between these two extremes. Thus l^lood's (196la) unnamed

variety may be treated as a synonym of N. lyra.

Navicula digitoradiata (Gregory 1856) Ralfs in Prjtchard 1861:904

van Heurck 1896:L84,pl .3/130. Hustedt 1930a:301,fi9.518. Hendey

1964:202,p1 .29/8,9. Helmcke & Kri eger 1961 :vol .3,p.27 ,p1 .292.

Pinnularia digitoradiata G regory 1856 :9,pl .L/32.

s59

(FrG.34F)

Ecology and distrjbut'ion: An euryhaline taxon growìng best jn 15 - 30

p.p.t. salinities. Reported from both arctic and temperate waters

(NcIntire & Moore t977).

Navicula species 26 (Fig. 34 G)

1 . Frustul e.

0utline in g'irdle v'iew: Rectanguìar.

Length of perval var axì s : 0 .5 - 1 .0¡m.

Protopl ast, chì oropl asts : Unknown.

Growth habit: Solìtary, motile.

2. Girdle: Not seen.

3. Val ve.

0utline: Lanceolate with broad-cuneate ap'ices.
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Shape: Valve face flat, mantle narrow, linear Rectangular in section.

Dimensions: Apical axis 18 - 21.5Ft, transapicaì axis 19 - 20pm.

Relative size and shape of areas: Axial area narrow-lanceolate, 0.9 -

l¡lm broad near the centre. Central area circular to rhombic,3.4 -

3.5¡lm broad, pierced on one side by the central stria which is deve'loped

to the edge of the central nodule.

Shape of striae: Linear, punctate.

Arrangement: Radiate.

Density of striae: 28l10pm. Most wideìy spaced opposite the central

nodul e.

Raphe.

Location: Median to the axial area.

Structure: Straight, central nodule 0.4 - 0.5pm long.

4. Reproduction: Unknown.

5. Resting spores: Unknown.

6. Ecology and distribution: This taxon only appeared in the periphyton

.between 
April and August but in such an erratic way that no estimate

of its environmental requirements could be attempted.

Navicul3 pseudi ncerta Giffen 1970: 285-286,pl .4/60-62

(Frc.34H)

Ecology and distribution: An euryhaline taxon restricted to the cooler

months of April to November but apparently capable of growing well in a

wide range of salinities from 10 - 30 p.p.t.

Navicula species 31 (Fig.35 A)

1. Frustul e.

Outl ine in girdle view: Rectangu'lar.

Length of pervalvar axis: 4 - 5pm.

Protopl ast, chl oropl asts : Unknown.

Growth habi t : Sol i tary, moti'le.

2. Girdle: Unknown.

3. Va] ve.

Outline: Lanceolate with obtuse apices.
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4.

5.

6.

Shape: Valve face slightly convex.

Dimens'ions: Ap'ical axis 40 - 84¡m, transapicaì axis 7 - 15pm.

Relative size and shape of areas: Axial area narrow, l'inear, slightly

curved near the poles. Central area broad, circular, diameter 2.5 '

6.5¡rm, delineated by 2 - 4 striae.

Shape of striae: Composed of a singìe line of ap'icaìly directed slits.

Arrangement: Radiate in the centre to parallel near the poles.

Density of slits/striae: Slits 35/10Pm of stria. Striae 7 - 15/10pm

depending upon the length of the valve, to form a constant 60 - 64

striae along the length of the whole cell.

Raphe

Location: To one Side of the axial area.

Structure: External fissure straight, curving to the other side of the

axial area near the pole, the terminal fissure recurving back again.

Central nodule 1.4 - 1.6pm long.

Reproducti on: Unknown .

Resti ng spores : Unknown.

Ecotogy and djstribution: A freshwater taxon found only occasiona'lly

in the estuary.

Remarks: Wood (1961a p. 680, pì.52/77) misidentified thjs taxon as

N. vulpina Kützing, ô taxon with a long, irregular]y shaped, central

7

s62.

s63.

area and striae becoming convergent near the poìes not paral'le'l as in

thi s taxon.

Navicula ostrearia (Gailton LB20) Bory LB27:474

Hendey 1964:187. Hustedt 1966:36,fi9.1192a.

Vibrio ostrearius Gaìllon 1820:93.

(FrG.35B)

Ecology and distribution: A marine to euryhaline taxon found only

occasionaìly in the periphyton and then when salinities are in excess of

25 p.p.t.

Navi cul a opunti o'ides Simonsen 1959 :79 ,pì .I2/l

Hustedt 1966 :470,fí g. 1528a,b.
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(FrG. 35c)

Ecoìogy and distribution: A marine to euryha'line form growing best in the

nutrient enriched waters found in the middle reaches from August to

November where salinitìes were in excess of 20 p.p.t.

G24, PINNULARIA Ehrenberg 1840

G25

G26

Number of taxa observed: 3

Number of taxa included in study: 1

565. Plaqiotropis lepidoptera (Gregory 1856) Reimer in Patrick & Reimer 1975:8

Cleve 1894:25. Hendey 1964:256,pl.36/2,4.

Amphiprora lepidoptera Gregory 1856-1857 :76 ,p\ .l/39.

Number of taxa observed: L

Number of taxa included in study: 1

564. Pinnularia boreal is Ehrenberg 1841:420,pl .U2,f ig.6,pl .4/1,fi9.5

Schmidt et al . 1874-1959:p1.45/19,20. van Heurck 1896:170,p1 .2/77 .

Hustedt 1930a 2326 ,fig.597.

(Frc. 35D)

Ecology and distribution: A freshwater taxon rarely found down as far as

the middle reaches of the estuary.

PLAGI0TROPIS Pfi tzer l87L

(Frc. 36A)

Ecology and d'istribution: A marine taxon rarely penetrating the estuary

above the I ower reaches.

PLEUR0SIGMA t,.l. Smith 1852

Number of taxa observed: 6

Number of taxa included in study: 3

Key to included taxa.

1. Valves almost linear, raphe straight for most of its length, apices

broad. 567. P; risidum

1. Valves markedly sigmoid, raphe sigmoid tending towards the convex

margin of the valve, ôpices namou,. 2

2. Valves narrow, tapering gradually towards the poles, raphe fissures

over'l appi ng at the centre. 566 : P. sp. 2

2. P.T.o.
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Valves broad, tapering rap'id'ly towards the poles, raphe fissures

straight at the centre, scarceìy developed into the central area.

568. P. sp. 5

566. Pleurosiqma s pecies 2 (Fig. 36 B-D)

Frustul e.

Outline in gìrdle view: Narrow-rectangular, tapering slightly towards

the poì es.

Length of pervalvar axis: 5 - 6¡m.

Protoplast, chloroplasts: Chloroplast "H"-shaped in each valve, 'lobes

ribbon-l j ke, i rregular.

Growth habit: Solitary, motile.

Girdle: Not seen.

Val ve.

0utline: Narrow, ìanceolate-sigmoid.

Shape: Valve mantle very narrow, valve face sloping up towards the

raphe on either side.

Dimensions: Ap'ical axis 180 - 275ym, transapical axis 17 - 18¡rm.

Relative size and shape of areas: Axial area narrow, developing

excentrically towards the convex margin as it approaches the poìes, at

no point para'lleì to the valve margin. Central area small, oval,1.3¡m

broad.

Shape of striae: Composed of "X"-shaped loculi opening externally

through an apical'ly directed slit and internally through a rota.

Arrangement: Decussate and paralleì. Angle of decussate striae approx-

imatety 600.

Density of loculae/striae: Decussate striae 22/70pm w'ith loculi L7ll1yn

of stria. Parallel striae 20/l0ym with loculi 18/10¡m of stria.

Raphe.

Location: Median to the axial area.

Structure: External fissure veers at the central area towards the

concave margin, each fissure overlapp'ing the other at the centre.

central node narrow, 0.2ym between central pores. At each poìe the

2

1

2

3
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termjnal fissure curves around towards the concave margìn and ends

directed back down the celì and para'llel to the concave margin.

4. Reproducti on : Unknown .

5. Resti ng spores : Unknown.

6. Ecology and distribution: A freshwater to euryhaìine taxon rareìy found

downstream from the upper reaches of estuary.

7. Remarks: This taxon has a sup erficial resemblance to P. decorum W.

Smith but the striae are more acutely angled and closer together. The

most significant feature is the overlapping of the raphe fissures at

the centre, a feature generally associated with species of GyroSjgma

Hassal I .

567. Pleurosigma rigidum bl. Smith 1853:64,p'l .20ll99

van Heurck 1896 :251-252,pl.6/265.

(Frc. 37 A-c)

Ecology and distribution: A marine to euryha'line taxon very common in all

reaches of the estuary except when salinities become variable and drop

below 10 p.p.t.

568. Pleurosìgma s pecies 5 (Fig.37 D,E)

1 Frustul e.

Outline in girdle view: Narrow, rectangular.

Length of pervaìvar axis: 1.5 - zpm.

Protopl ast , chl orop'lasts : Unknown .

Growth habit: Solitary, motile.

Girdle: Not seen.

Val ve.

0utl i ne: Lanceol ate-si gmoid.

Shape: Valve face sloping up slightly to the raphe on each side.

Dimensions: Apical axis 128 - 140¡m, transapical axis 13 - 14pm.

Relative size and shape of areas: Axial area narrow, parallel to the

valve margins near the centre, becoming increasingly excentrìc towards

the poles as it approaches the convex margin of the valve. Central

area small, elliptical, 1.Spm wide.

2

3
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Shape of strjae: Formed of a single row of punctae.

Arrangement: Both decussate and paral I el .

Density of punctae/striae: Decussate striae 19/1Opm composed of punctae

17/IOyn of stria. Parallel striae 10/10¡rm composed of punctae 18/10ym.

Raphe.

Locat'ion : Med'ian to the axi al area.

Structure: External fissure enters the central area straìght. Central

nodule 1 - Z¡rm long. Terminal fissure veers towards the concave ma¡gin,

briefly developed.

4 . Reproduct'ion : Unknown .

5. Resti ng spores : Unknown.

6. Ecol ogy and di stri but'i on: An euryhal ì ne taxon present i n the estuary

throughout the year except when salinities are reduced below 10 p.p.t.

TRACHYNEIS Cleve 1894

Number of taxa observed: 1

Number of taxa included in study: 1

569. Trachynei s aspera (Ehrenberg 1841) C'ì eve 1894 :191

van Heurck 1896:205,pì .4/165. Hendey 1964:236,p.l .29/13.

Stauroptera aspera Ehrenberg 1841:p1.1/1,figs 1-2,pì .2/6.

(FrG. 37F)

Ecology and distribution: A marine to euryhaline taxon commonly occurrìng

in the middle reaches of the estuary particularly when salìn'ities are above

25 p.p.t. A cosmopolitan temperate water specìes (McInt'ire & l4oore 1977).

GR0UP 5. The nizschioid taxa.

G28. BACILLARIA Gmel i n 'in Li nnaeus 1788

Number of taxa observed: 1

Number of taxa included in study: 1

S70. Bac'illaria paradoxa Gmel in in Linnaeus 1788:3903

van Heurck 1896:292,p.l .16/518. Hustedt 1930a:396,f i9.755.

(FrG. 3BA)

Ecology and distributìon: A cosmopolitan temperate freshwater to eury-

haljne taxon (McIntire & Moore 1977). Found in the Onkapaninga rìver in
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salinities up to 25 p.p.t. but growing best in salinities below 10 p.p.t.

G29. CAMPYLODISCUS

Number of taxa observed: 5

Number of taxa irrcluded in study: 3

Key to i ncl uded taxa.

1. Valves having three concentric rings of large-areolate, radiate

striae. 572. C. daemelianus

1. Valves without areoìate striae. 2

2. Valves with radiate costae developed from a median rib.

Costae opposite. S73. C. ralfsii
2. Valves with radiate costae developed from a lateral rib.

Median and two ìateral ribs present. Costae alternate,

developed through the median to the opposing lateral rib,

forming a median region with twice as many costae as the

marginal regions. 571. C. incertus

S71. Campylodiscus incertus Schmidt 1875 in Schmidt et al. I874-1959:

pI.15/13-15

(FIG.38B,C)

Ecology and distribution: A freshwater taxon confined to the upper

reaches of the estuary and to the reaches upstream of the estuary.

572. Campylodiscus daemelianus Grunow 1874 in Schmidt et al. L874-1959:

Probeheft fig.4

Schmidt et al. L874-1959:pl.54/1,2.

(FrG.3BD)

Ecology and distribution: A freshwater to euryhaline taxon found in

salinities up to 20 p.p.t. though restricted in distribution to the

upper reaches of the estuary.

S73. Campylodiscus ralfsii W. Smith 1853:30,pì .30/257

- Schmidt et al. LB74-19592p1.I4/ 1-3. van Heurck 1896:376,pI.32/869.

Cl eve-Eul er 1952 :I27 ,fig . 1576 .

(Frc. 38E)
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Ecology and djstribution: A freshwater to euryhaline taxon restricted to

salinities less than 20 p.p.t. and the middle and upper reaches of the

estuary.

Remarks: The.Qnkaparinga form varies from the type by the presence of

brief rows of 1-4 intercostaì granules positioned haìfway between the

median rib and the margin.

G30. EPITHEMIA Brébisson in Brébisson & Godev1838

Number of taxa observed: 3

Number of taxa included 'in studY: 1

S74. Epithemia zebra (Ehrenberg 1833) Kützing 1844

var. saxoni ca ( t<ützi ng 1844) Grunow 1862z328 
'p1 

-6/6

Fricke 1904 in Schmidt et al. lB74-1959:pl.525/3-14. Hustedt 1930a:

385,fi g.730. Cleve-Euler 1952:37,fi9.1409i'k.

Ep i themi a saxon'ica Kützi ng 1844:35,pl .5/tS.

(FIc. 394,8)

Eco'logy and distrjbution: A freshwater to euryhaline taxon found ìn the

upper to middle reaches of the estuary particular'ly when salinities are

below 15 p.p.t.

G31. NITZS CHIA Hassall 1845

Number of taxa observed: 35

Number of taxa included in studY: 16

Key to included taxa.

1. Raphe median to the valve, valves oblong with broad, acute apices'

Raphe supported on a narrow, 1i near keel. S90. N. distans

1. Raphe excentric, formed on and para'llel to the margin. 2

1. Raphe excentric, formed near the margin' recurved towards the

centre near the central nodule. 13

2. Cells linear-rectangular in girdle view. 3

2. Cells in girdle view linear to rectangular becoming sigmoid

towards the Poles. 9
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3. Valve panduriform-lanceolate.

3. Valve lanceolate.

4. Valve face transapically undulate, 10-30 ym long, no

longitudinal hyaline area opposite the raphe.

576. N. constricta

4. Valve face fìat, longer than 30 pm w'ith a longitudinal

hyaline area opposite the raphe.

N. clausii

6

4

5

5. Valve 60-70 ¡m long, striae 15/10 pm. 586. N. acuminata

5. Valve 35-50 ¡rm'long, striae 19/10 pm. SB7

6. Valve face transapicaìly undulate.

6 . Va] ve face f I at.

7. Valve broad-lanceolate with rostrate apices.

. N. apiculata

577. N. punctata

7. Valve lanceolate with acute apices. S78. N. fusoides

8. Val ve narrov'r-l anceol ate wi th acute, produced api ces .

S79. N. fonticola

8. Valve narrow-lanceolate. S80. N. liebethrutii

9. Valve linear with acute apices. S89. N. sp.34

9. Valve sigmoid towards the apices. 10

10. Valve'linear-sigmoid, 350-450 ¡m long.

S82. N. sp.12

10. Valve linear-lanceolate to oblong, sigmoid, less than

200 pm long. 11

11. Valve linear-lanceolate, sigmoid with acute produced apices.

S85. N. sigma var. rigida

11. Valve oblong becoming sigmoìd at the apices. 12

12. Valve with rostrate apices, 40-70 pm ìong.

s83.

12. Valve with acute apices, 100-200 pm long.

7

I

S84. N. sigma
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13. Valve linear-lanceolate, sigmoid, apices slightìy rostrate, 100-

200 pm long.

13. Va'l ve obl ong , s í gmoi d at the api ces .

S75. N. vidovichii

I4

14. Valve with rostrate apices, 50-100 ¡m long.

S81. N. obtusa var.

scal pel I i formi s

14. Valve with truncated, acute apices, 120-160 ¡m long.

S88. N. obtusa

S75. Nitzschia vidovichii Grunow L92I in Schmidt et al. 1874-1959:

pì.336/29-31

(FIc.39C,D)

Eco'logy and distribution: A euryhaline, tube-forming taxon found

throughout the estuary, except where the salinity falls below 10 p.p.t.

With Berkleya rutilans the most common motile form in the periphyton.

Remarks: Mills (1934:124I) indicated that this is a variety of N. obtusa

l^l. Smith 1853 but does not mention it in the list of N. obtusa varieties

(p.1223) .

576. Nitzschia constricta Ralfs in Pritchard 1861:780

Grunow 1862:567 . Cleve & Grunow 1879:71. Schmidt et al. 1874-1959:

p1.333/18.

( FIc. 39E,F)

Ecoìogy and distribution: A freshwater taxon limited in distribution

to the upper reaches of the estuary.

S77. Nitzschia punctata (1,,1. Smith 1853) Grunow in Cleve & Grunow 1879:68

van Heurck 1896:384,pI .15/491. Hendey 1964:278,p1 .39/26I.

Tri bl i onel I a punctata l¡J. Smi th 1853 :36, p\ .30/26I.

(Frc. 3ec)

Ecology and distribution: A freshwater taxon confined to the upper

reaches of the estuary.
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S78. Nitzschia fusojdes Ehrlich 1975:269,pì .3117-20

(FrG. 40A)

Ecology and distribution: A freshwater to euryhaline taxon found in

salinities up to 30 p.p.t. but most common in lower salinities.

S79. Nitzschia tonticola Grunow in Cìeve & Grunow 1879:97

van Heurck 1BB0-1885:pl .69/15-20. Schmidt et al. 1874-1959:pl.348/60-

72. van Heurck 1896:402,p1.I7/557. Hustedt 1930a: 415,fi9.800.

(Frc. 4oB)

Ecoìogy and distribution: Apparentìy a freshwater to euryhaline taxon

but its distrjbution in the periphyton is too erratic to make any

prediction about environmental requirements.

S80. Nitzschia leibethrutii Grunow in Cleve & Grunow 1879:98

Schmidt et al . \874-1959:p] .348/84-87.

(Frc. 40c)

Ecology and distribution: A freshwater to euryhaline taxon found

throughout the estuary but growing best in the upper reaches.

S81 . Ni tzschi a obtusa l,l. Smi th 1853

var. scalpelliformis Grunow in Cleve & Grunow 1879292

van Heurck 1896:397-398,pl.16/538. Schmidt et al. I874-1959:p1.336/

22-24. Hustedt 1930a :422,fi9.8176.

(FrG. 4oD)

Ecology and distribution:An euryhaline taxon found throughout the

estuary when the salinities are below 30 p.p.t.

S82. Nitzschia species L2. (Fig. 40E-H)

1. Frustule.

Outline in girdle view: Linear-sigmoid.

Length of perva'lvar axis: 2-3 yn.

Protoplast, chloroplasts: Unknown.

Growth habit: Solitary, motile.
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2. Girdle.

Shape of bands: Linear-sigmoid, very narrow.

Striation of bands: None.

Number of bands: 2

3. Val ve.

Outline: Linear-sigmoid, tapering gradually from the centre towards

the poles.

Shape: Valve face flat sloping up towards the margina'l raphe. Valve

mantle broader on the side with the raphe than the non-raphe side.

Dimensions: Apical axis 350-480 ¡m, transapical axis 6-7 ¡m.

Relative size and shape of areas: Axial area excentric, developed on

the margin, namow. Central area absent.

Shape of striae: Composed of a single line of small poroid areolae,

each occluded by a velum.

Arrangement: Paral lel .

Density of striae: 38-39/10 ¡m.

Raphe.

Location: Raised on a brief keel on the valve margin.

Structure: A canal raphe system. Fibulae even'ly spaced, 8/10 ¡m.

No obvious central nodule.

4. ReproductÌon: Unknown.

5. Resting spores: Unknown.

6. Eco'logy and distribution: A freshwater taxon limited in distribution

to the upper reaches of the estuary.

S83. Nitzschia clausii Hantzsch 1853 in Rabehhorst 1848-1860 according to

Pankow 1976:298

Schmidt et al. 1874-1959:pl.336/7-11. Hustedt 1930a :421,fi9.814.

(rre.41A)

Ecoìogy and distribution: Apparently a freshwater taxon but has

appeared too erratically in periphyton samples for its environmental

requirements to be estimated.
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S84. Njtzschia siqma (Kützing 1844) t¡l. Sm'ith 1853:39,pì.13/108

Ralfs in Pritchard 1861:781,p1 .4/21. van Heurck 1896:396,p'1.16/531.

Schmidt et al. IB74-1959:p1.236/ 1. Hustedt 1930a:420,fi9.813.

Synedra siqma Kützing 1844:67,p1 .30/14.

(FrG.41B)

Eco'logy and dìstributjon: A freshwater taxon restricted to the river and

reaches of the estuary.

S85 . Ni'tzsch j a si gma (Kützi ng 1844) I¡1. Smi th 1853

var. rigida (fützing 1844) Grunow 1B7B:119

van Heurck 1896:393,p].16/533. Schmidt et al. IB74-1959:p1.336/6.

Amph'i pl eura ris'ida Kütz'ing 1844:1041,p1 .4/30.

(FIG. 4lC,D)

Ecology and distribut'ion: A marine to euryha'l'ine taxon wh jch appears to

grow best in the higher nutrient levels experienced between September

and January, part'icuìarly in the mjddle reaches.

586. N'itzschia acuminata (tJ. Smìth 1853) Grunow in Cleve & Grunow lB79:73

van Heurck 1896:388,p.l.15/506. Schmidt et al. tB74-i959:p1.331/4,5.

Hustedt 1930a :401, fi5.764.

Tri bl i onel I a acumi nata W. Sm'ith 1853:36,p'l .I0/77 .

(FrG.41F)

Ecology and distribution: A freshwater taxon restricted to the river

and the upper reaches of the estuary.

SB7 . Ni tzschi a ap'icul ata (Gregory 1857) Grunow l'n Cleve & Grunow 1879:73

van Heurck 1896:387,pl.15/505. Schmidt et al. I874-1959:p.l.331/14,15.

Hustedt 1930a:401,fi9.765. Hendey 1951:72,p1 .16/4. He'lmcke & Kreiger

I962:vol . 1,p. lB,pl . BB.

Tri bl ionel I a ap'icul ata Gregory 1857 :79,p] .Il 43.

(ile . 41E)

Ecology and distrjbution: A freshwater to euryhaìine taxon capable of

ì'iving in salinit'ies up to 20 p.p.t. Generally restricted to the

middle and upper reaches of the estuary.
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SBB. Nitzschia obtusa W. Smith 1853:39'p1.13/109

van l,teurck 1896 : 397 , pl . 16/538 . Schmi dt et al . 1874- 1959 zp1 .336/20 ,2I ,

352/6,7 . Hustedt 1930a :422,f i9.817a. Hendey 1964228?.

(FrG.42A)

Ecology and d'istribution: A freshwater taxon rarely found downstream of

the upper reaches of the estuarY.

S89. Nitzschia species 34 (Fig. 428,C)

1. Frustule.

gutline in girdle view: Linear rectangular, becoming sigmo'id towards

the apices.

Length of perva'lvar axis: 2-3 pm-

Protoplast, chloropìasts: Unknown-

Growth habit: SolitarY, motile-

2. cirdle.

shape of bands: Narrow, linear, sigmo'id towards the apices.

Stri ati on of bands : l'lone.

Number of bands: 2

3. Valve.

Outline: Linear lanceolate.

Shape: Valve surface flat.

Dimensions: Apical axis 140-L65 ¡rm, transapical axis 10-11 ¡lm.

Relative size and shape of areas: AxiaÏ area excentric, developed on

the margin, narrow. Central area absent.

Shape of striae: Composed of a single ìine of small poroid aveolae

each occ'luded bY a velum.

Arrangement: Parallel .

Density of striae: 15-16/10 Pm-

Raphe

Location: 0n a brief keel developed in the axial area.

Structure: A canal raphe system. Fibulae evenly spaced' 5/10 ym.

4. Reproduction: Unknown.
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5. Resting spores: Unknown.

6. Eco'logy and distribution: A freshwater taxon found in the estuary

between September and November.

S90. Ni tzschia di stans Gregory 1857:530,p1 .14/I03

van Heurck 1896:394,p1 .33/878.

(FIc.42D,E)

Ecology and distribution: A freshwater taxon mostly limited to the

upper reaches of the estuary.

G32. RHOPALODIA 0. Müller 1895

Number of taxa observed: 5

Number of taxa included in study: 2

Key to included taxa.

1. Valve semicircular with acute produced apices, ìess than 20 ¡lm

I ong , structure fine, no obvious striae. S91. R. gibberula var.

producta

1. Valve semicircular, more than 20 ¡rm long, with obvious areolate

striae. S92. R. musculus

S91. Rhopalodia gibberula (Ehrenberg 1843) 0. Mill t er 1895

var. producta (Grunow 1862) 0. tqüller 1899:290

van Heurck 1896 :297 ,pl .9/361.

Epi themi a producta Grunow LB62:330,p'l .6/9.

( rte . 4zF ,c)

Ecology and distribution: A freshwater taxon rarely found downstream

from the upper reaches of the estuary.

S92. Rhopalodia musculus (fützing 1844) 0. Muller 1899:278

Schmidt et al . I874-1959:p1 .254/l-11. Hustedt 1930a:392,f i9.745.

Helmcke & Krieger 1962:vol.1,p.17,pI.82-83. Patrick & Reimer 1975:191,

pl .28/5.

muqquìus Kützing 1844:33,pì .30/6.Epi themi a

(Frc.43A)
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Ecology and distribution: An euryhaline taxon found throughout the

estuary throughout the year.

G33. SURIRELLA Turpi n 1B2B

Number of taxa observed: 9

Number of taxa included in study: 3

Key to i ncl uded taxa.

1. VaIve'obovate-lanceolate. S94. S. ovalis

1. Val ve cuneate.

2. Valve broadly cuneate, almost circular.

S93. l. sp.2

2. Valve cuneate. S95. S. ovata

S93. Surirella s pecies 2 (Fig. 438,C)

1. Frustu'le.

0utline in girdle view: Rectangular, broader at the cingulum than

the margin.

Length of pervalvar axis: 10-12 pm.

Protopl ast, chl oropl asts etc. : Two 1 arge pl ate-1 i ke chl oropì asts ,

one in each valve.

2. Girdle: Not seen due to characteristic build-up of detritus on the

cinguìum which survives acid clearing.

3. Val ve.

Outl i ne: Broad'ly cuneate , almost ci rcul ar.

Shape: Valve face very irregular due to external costae. Margin

concave with the marginal raphe transapically produced from the

mantle edge of the margin.

Dimensions: Apical axis 30-37 y , transapical axis 26'29 Ft.

Relative size and shape of areas: Axial area formed around the

entire margin on the mantle edge of the margin. Central area absent.

Areol aelstri ae : Absent.

2
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Raphe

Location: Formed on the mantle edge of the margin, around the

entire margin.

Structure: Canal raphe system. Fibulae 18-19/10 ¡lm, evenly

distributed. Both polar nodules at the more acute end of the valve.

Special structures: Costae formed both internal'ly and externally on

the valve, radiate from a central pair of ribs. Costae formed in

groups of one to four (3 groups/lO ¡rm), overlapp'ing in the centre

with the costae from the other side of the raphe (lI'L4/ 10 ym).

Costae typi ca'l 'ly wi th granul ate api ces .

4. Reproduction: Unknown.

5. .Resting spores: Unknown.

6. Ecology and distribution: A freshwater to euryhaline species being

found in salinities up to 30 p.p.t. though most prevalent in less

than 10 p.p.t.

594. Surirella ovalis Brêbisson 1838:17

van Heurck 1896:373,p.|.13/585. Hustedt 1930a:441,fi9.860-861.

Pankow 1976 2315-316,fi9.675'pl -2U 2 -

( ne . 43D)

Ecology and distribution: A freshwater to euryhaline taxon found ín

most reaches throughout the year though never very commgn.

S95. Suri rel I a ovata Kützi ng 1844 :62,pl -7 /I-4
Schmidt et al . 1874-1959 :p1.23/49-55. Hustedt 1930a :442,fi9.863-864.

(Frc.43E)

Ecology and distribution: A freshwater taxon found only in the upper

reaches of the estuarY.



77
3.

3.1.

THE SUBSTRATE: ZOSTERA SP.

Comments on Taxonomy and Distribution.

The Zostera found in the Onkaparìnga estuary was collected and

identified as Z. muelleri Irmìsch ex Aschers, by Dr Hi. E'ichler for the

State Herbari um of South Austraì ì a Ei chl er Dec. -1956 , AD 95906001 ) . Thi s

specimen, along with others given this name, was observed by Dr den Hartog

prìor to the pub'l'ication of hjs monograph on sea-grasses of the world (den

Hartog 1970 ) and E'ichl er' s 'identi f icati on was apparent'ly accepted wi thout

comment. Prjor to and during th'is study of the 0nkaparìnga estuary,

Zostera samples were collected from various parts of the estuary includ'ing

vegetative shoots (Inns & Thomas, Sept.-1973, ADU 443891; FIG.44) and

reproductive shoots (Thomas, Dec.-1975, ADU A4671'2; FIG. 45).

Investigatìon of these samples and the herbarium specimen

collected by Eichler indicates that there is one species of Zostera in the

estuary and that'it is the same species as collected by Eichler. If thìs

form is identified using den Hartog's key to the subgenus Zosterel I a

(Aschers.) 0stenfeld (den Hartog 1970:64) the 0nkaparinga form is

7. cap'icornii Aschers. due to the presence of two groups of two to three

roots per node. Observatjon of the seed indicates that this species'is

neìther Z. muelleri nor Z. capricorn'ii as the seed is smooth with 80-90

fine logìtud'inaì striae (FIG.46 ) and not ribbed as are the seeds of the

other species. In addition, TABLE 3.1. jndicates that the Onkaparinga form

'is generally larger than e'ither Z. muelleri or Z. capri corn'i 'i . In al I other

features than those mentìoned in TABLE 3.1., the Onkaparinga form is the

same as Z. muelleri and this fact may be the cause of its misidentification.

Qne other spec'imen in the State Herbarium of South Austraìia,

collected by J.B. Cleland from the mouth of the Coorong jn South Australia

Cleland, Mar.-19?5, AD 97236142), appears to be the same species. Thjs

species may now be limited to the Onkaparinga estuary.
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Rhizome diameter (mm)

Roo ts / node

Internode d'istance (mm)

Leaf sheath ìength (cm)

Leaf blade length (cm)

Leaf blade width (mm)

Accessory bundl es

Generative shoot axis (cn)

No. of spathes

Seed test

TABLI 3.1.

Z. muelleri*

0.5 - 1.5

2

4-31
1.5 - 11

5-30
I-2

(3-)4-6
1-50

1-4ormore
20 ribs

TABLE 3.1. Comparison of major dìfferences between Z. muellerj and the

0nkapari ng a form, and wjth Z. capricornii.

(* after den Hartog 1970:81-85, 87-90)

In the other estuaries so far jnvestigated 'in South Austral'ia (i.e. those

of the Gawler, Port, Innran and Hjndmarsh rivers), ejther no Zostera occurs

or there are occasional patches of Heterozostera tasmanica or 7. mucronata(

in the Port river). The one except'ion to this is an ìsolated clump of

Z. muelleri'in West Lakes, an art'ificial marine ìake system formed from a

coastal swamp which was part of the Port River. It was from this area that

the only c'learìy identjfiable specìmen of 7. muelleri in the State

Herbarìum was collected (Tate, Jan. 1883, AD 96404345).

It has already been ment'ioned (Ch.1.1. and FIG. 2) that w'ithin

the Onkaparinga estuary the Zostera covers almost all available mud banks

from 1.7-L0.4 km downstream from the ford at Noarlunga and from the lower

eul i ttoral to 2 .5 m bel ow mean l ow water. l,Ji thi n the usual sal i ni ty range

the apex wiìl produce a new blade every two to three weeks throughout the

year. The Zostera will grow in salinjties down to 3-5 p.p.t. but tends to

0.7 - 2

2 groups

4-40
2-10
7-50
?.-5

3-7
1-30

numer0us

16 ri bs

Zostera sp.

I - ?.5

2 groups of
¿-5

10-35

2-30
5 - 200+

1.5 - 4

4-6
40 - 300

4 or more

Z. capri corni i *

smooth, 80 -

90 stri ae
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shed jts leaf blades when kept in salinities below 3 p.p.t. for longer than

2-3 days. If the low salinity condit'ions continue, aquarium studies have

shown that the rhizome eventually dies off (see Ch.3.2.). The Zostera

starts to flower in late September though the maior flowering usuaì1y does

not occur until mid-November. Flowering is on'ly prolific by pìants ìiv'ing

in the 7 km to 10.4 km region and at or below mean low water. Seed setting

usually occurs from late December to January but a very smaì1 proportion of

pìants actually produce seed, the generative shoot either being washed out

to sea or decomposìng before the seeds mature.

In conclusion, it would appear that the form of Zostera occurring

in the Onkaparinga estuary is probably an undescribed species and for the

purposes of this thesis it will be referred to as Zostera sp.
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3.2. Zostera as a substrate.

The study of natural populations of attaching djatoms has always

been restricted by the difficuìty of providing clean substrates. Thjs is part-

icularly important if a study of coìonisation is to be attempted, or if the

product'ion of individua'l species or the communìty generaìly is to be estimated.

Previousìy there have been two basic approaches to overcoming this prob'lem,

either by cleaning an already colonised substrate or by provid'ing an artific-
ial substrate such as a glass slide (patrick et al. 1954). How "natural" a

community is which develops on the broad, smooth and rigid surface of a glass

slide is open to question as little is known of the substrate requirements of

the various spec'ies. Certainìy the evidence of Prowse (1959), McRoy & Goering

(1974) and Harlin (1975) indicates that nutrients leak from the blades of some

aquatic p'lants and these compounds would prov'ide a different chemical envir-

onment around the plant than that around a glass slide.

It is surprising that there appear to be no studies using newly

produced blades of aquatic plants as substrates for colonisation, even though

there have been various studies describing the periphyton of the plant (e.g.

Reyez-Vasquez 1970; Kita & Harada 1962; Main & Mclntire L974; Sullivan L977)

and Sieburth & Thomas (1973) used the principìe of time bejng equivalent to

distance with mature blades without attempting to put an age on the stages

observed. Species of the Potamogetonaceae would be particularly useful due

to the basal meristem of the blades and the presence of various spec'ies

throughout the range from freshwater to marine environments. Such a study re-

quires that the blade growth rate of the p'lants be determined and its potential

variance estimated. Once this information is available the "host" plant be-

comes a potentially va'luable research tool.

It has already been mentioned (Ch.3.1.) that the Zostera found in

the Onkaparinga estuary produces new blades throughout the year. The first
part of the new blade's growth and ejongation occurs within the sheath of

the next most mature blade. The new blade is therefore readily v'isible and

available for colonisation as it appears out of the top of the sheath. At

this point it is about half way through the rinear growth phase
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which will continue for another two to three weeks (FIG. 47). By either

collectjng the tips of blades of different ìengths or sampling at intervals

aìong the length of jnd'ividual blades, the change of community structure

wjth time can be observed (see Ch. 4.2.). l,lhen all the blades at the apex

of the rhizome (usua1'ìy four to sjx) are taken jnto account, connlunities up

to three months old can be observed. After six to eight weeks the blade

starts to dje and by L2 weeks the periphyte community ìs largely a self

supporting mass of intertw'ined filaments with little physical support from

the rapìdly decomposing blade. F'inally the blade and periphyton mass breaks

away from the plant near the base and either sìnks to the bottom or is

carri ed away by the current.

The use of Zostera blades as a source of natural substrates led

dìrectly to the development of a new artificial substrate which would

simulate the Zostera in its reaction to water movement. The best nlaterial

was found to be narrow strips cut from 3cm broad, f'lat, polythene tubìng.

This plast'ic was found to have the same buoyancy.as the Zostera blades and,

'in the estuary, had a similar l'ife span, eventually be'ing weìghed down by

periphyton and detritus and sink'ing to the bottom. Human jnterference with

artifìcial substrates pìaced'in the estuary meant that use of thjs method

was largely restricted to aquarium studies. Early experìmentat'ion jndjcated

a factor which must be taken into account when using art'ificjal substrates.

It was noticed that broad strips of pìastic had a dense growth of attachìng

species developed wìth'in 1-2 mm of the edge. Further investigations using

substrates of d'ifferent widths indicated an inverse relationship between

substrate width and the overall density of attachjng ceììs (FIGS 4BA & 49).

Such a trend was noted by Patrick (1968) who indjcated that diatometer

slides developed denser aggregations of cells ìf the slides were turned side

on to the direction of water flow. A study usìng artifìcial substrates

shows differing communìty structures w'ith respect to the rat'io of motile

species (sl'ightly affected by substrate wìdth) to attaching species (greatìy

affected by substrate wjdth) unless designed to emulate the shape of a

natural substrate for conrparison or, as intended by the diatometer, they are



82

standardì sed (see FIG. 488) . The physi cal cause for the substrate r,ridth

effect would appear to be due to simple hydrodynamics. A flat surface placed

in the current forces the medium to ftow out and around it and usualìy leaves

a,'dead area" towards the centre with some eddying. There is a similar,

though less marked, effect upon the downstream face. S'ince most of the

attaching species are non-motìle, and transported passiveìy through the

water, they are most likely to have first contact with the substrate near

the edges. Eddies may then pick up some ceìls to colonìse the central area.

The water movement effect upon effective nutrient concentrations (Munk &

Riley 1952) would tend to give the cells growing near the edge of the

substrate a higher nutrient concentration than those near the centre. This

last effect is likely to lead to the motile species also remaining near the

substrate edge and this is what is observed to occur (FIG.49C).

observations on substrates of various widths show that a substrate

of 5 nm or less'in width wiìl give an even cover of attaching forms and

avoid creating a bias in favour of the mot'ile species. Zostera blades fall

well within this size range. Zostera therefore provides useful natural

substrate which is tikely to give regular and comparable results in a study

of periphyton communities in that part of the estuary in which the Zostera is

found. The main problem with its use (as indicated by FIG.47) is the

effect of temperature and to a lesser extent salinity on the growth rate of

blades. Th'is requ'ires some art on the part of the investigator when samp'ling

to collect blades of approx'imately the right age, a two week old (ex sheath)

blade being 0.4-0.6 of the length of the mature blades, with a potentiaì

error of pìus or minus one day in age estimation. Such an error of less than

10% was found in duplicate periphyton sampìes and is probab'ly mostly due to

the difficulty in estimating the age of the blade except when periphyton

density is very low.
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3.3. Zostera and the future of the Onkaparinga estuary.

In chapter 3.2. it was mentioned that not onìy periphyton builds

up on Zostera blades but so does s'ilt and detritus. This feature will be

discussed again'in chapter 4.3. with respect to the periphyton development

but it ìs also of majorimportance to the Zostera community and the estuary

in general and will be discussed here in that context.

Silt entrapment around the Zostera bìade occurs as a direct

result of the formatìon of fjlaments of epiphyte specìes around the blade.

Silt, once trapped,'is bound'into the community by a network of filaments

and the tubes of various tube-dwellìng species. By the end of the blade's

life jt may have twenty to fifty t'imes its mass in periphyton and silt bujlt

up around'it. This mass then sinks to the bottom or is carried away. In

this manner, with the aid of the flocculating effect of increasìng sa'linity,

most of the s'ilt enterjng the estuary is removed from the water and trans-

ferred with some sil'icate (diatom frustules) to the bottom. Th'is leads to

an increase in the bottom level with tjme and is sufficientìy rapid to be

noticeable over the course of a few years. Under normal cond'itions wìnter

floods would wash most of a year's buj'ld-up out to sea and scour the

chanirels so that the general tidal movement of water wìll keep the estuary

relatively clear and navìgable for small craft for most of the year.

The buiìding of upstream dams to catch the winter rìver flow

changes thìs pìcture, part'icularly when the water demand 'is suffjcìently

hìgh so that the dams rarely fill to the point of overflowing. The wjnter

floods through the estuary then become less frequent and the buiìd-up of

new sediment is allowed to rema'in long enough to be stabilised by the

growth of plants over the top of it. This not onìy applies to the nlud banks

but also to the channels. Once the Zostera successfulìy coìonises the bare

channels'it becomes jncreasingly difficult for later floods to scour it out.

In addjtion the long Zostera blades tend to'increase the drag on water move-

ment to further reduce any scourìng effect that the t'idal currents may have

had .

In chapter 1.1. it was mentioned that barges navìgated the
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estuary up to Noarlunga duning the latter half of the nineteenth century.

A century later much of the estuary is so shalìow that it becomes difficult

to navigate a small aluminium dinghy the fu'll length due to shallows covered

with Zostera. Increasing population demand on the waters of the 0nkaparinga

suggests a bieak future for the estuary if present trends continue. It is

a quirk of fate that at a time when the local population is looking towards

the estuary for development as a recreation nesource, their presence is

contributing to turning the estuary into a tidal swamp. This is one case

where the engineering answer of dredging the channel may well be the best

solution for the estuary, the Zostera conmunity and the recreational fishery

which depends on it.
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4. COLONISATiON OF THE SUBSTRATE.

4. i . Introducti on .

Interest in the colonjsatjon sequence on various substrates

developed from studjes aimed at reducing foufing on ships. Studies on foul-

ìng organisms, which usually form sjmjlar communjt'ies to those on natural

substrates, were 'initiated to look at benthic communities generalìy with

particular importance placed on those formed on artificial substrates. Th'is

was partìcuìarly the case in the post-Wor'ld Llar 2 period with research beìng

carried out in the United Kingdom (Hendey 1951), United States of America

(Aìeem 1958) and Australasia (hlood 1950,1955; Skerman 1956). These studies

showed an injt'ial colon'isation of bacteria, followed by dìatonts, and later,

larger algae and animals. An early study by Zobell & Allen (1935) indicated

that a primary film of bacteria was necessary for colonisat'ion to proceed on

jnert substrates. S'ieburth & Thomas (1973) 'investigated the importance of

bacteri a and d'iatoms i n the col on'i sati on of bl ades of Zostera. Pri or to thi s

study, investigatìon of Zostera periphyton had been limited to specìes

compositìon and seasonal abundance (Brown 1962+ K'ita & Harada 7962; Main &

Mclntj re !974; lvlarsh t9702; Sullivan 1977), and no attempt had apparentìy been

made to exami ne the assembl ages ì n the Scann'i ng El ectron M'icroscope.

S'ieburth & Thomas (1973) 'invest'ig ated Zostera blades at various

stages of colonisation and observed that bacterial colonìsation was minjmal

and not a prerequisite for d'iatom colonisation, jn contrast to the earlier

work of Zobell & Allen (1935). In addjtjon they observed that Cocconeis

scutel I um Ehrenbe rg vlas the first to colonjse the Zostera and th'is species

formed a contjnuous "crust" on the blade surface before other specìes

colon'ised the surface of Cocconeis cells. The purpose of thjs part of the

present study was to determjne to what extent the observatjons of Sieburth

& Thomas (tgZg) appl jed to colonjsation of Zostera blades 'in the 0nkaparinga

and if possible to put a time scale on the sequence.

(jn Charleston(re621 . Brown , C.L .

Pond, Rhod

2. Marsh, G.A.
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. 0n the ecology of Aufwuchs on Zostera marina
nd). M.Sc. Thesis, Un'iv. of Rhode Island, R.I.
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4.2. Studies of the colonisation sequence.

4.2.I. The init'ial colonisation.

in this study both Zostera blades and their polythene equìvalent

were used to observe the colon'isation sequence. Zostera blades of known age

were sampled from various stations in the estuary, measured, and 1 cm lengths

were removed at various djstances along the blade. These lengths were gent'ly

placed in distilled water to remove excess salts and then drjed at room

temperature in a vaccuum dessicator. The drjed blade pieces were mounted on

a coverslip with a silver suspens'ion and placed on an aluminium stub, pìated

wìth gold-paladium and observed in the Scanning Electron Microscope (SEM),

a Seimens Autoscan.

The poiythene strips of various widths (1.5-16 mm) were placed in

laboratory aquarìa jn which Zostera was growing at various salinity and

temperature condìt'ions. Pieces of polythene strìp could therefore be

removed at various stages to allow the colon'isation sequence to be

convenientìy observed. Lengths (f cm) of polythene strip were removed at

jntervals of 3,7 and i4 days, sta'ined wjth An'iljne blue-HCL and mounted in

50% Karo (contajning phenol as a preservative) on a g'lass sljde. The slides

were then observed wjth direct l'ight using a Leitz SM-LUX'laboratory

mì croscope .

Colonjsation of the Zostera at the 2 km stat'ion was injtjated by

cocco'id bacterja, Cocconeis scutellum and C. placentula var. euglypta (FIG.

504). This was also observed by Sieburth & Thomas (tgZ¡), but the rest of

the sequence is somewhat djfferent jn the 0nkaparinga estuary. Rather than

the format'ion of a contjnuous 'layer of Cocconei s , the next stage, whjch

becomes marked after 3 days, is the rapid colonisat'ion by the more common of

the epiphyte spec'ies ând a build-up of some detrjtus (FIG. 508'C). After

about 7 days the epiphyte colonjes are well established and detritus covers

'large areas of the blade surface (FIG.50D). It js at thjs stage that the

non-Cocconeis motile s pecies beg'in to reach a cell density equìvalent to

that of the epiphyte specìes and the number of motj'le specìes begìns to
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increase. The number of motjìe specìes appears to sìowìy increase for the

rest of the "l'ife" of the assemblage but the majority of the attachìng

species are aìready present at this stage (see Ch.4.2.2,). After 14 days

the moti'le spec'ies, particularly the tube forming ones, and some of the

epiphyte specìes whjch have a colony form which enables them to grow weìl

away from the blade surface, begin to numerica'lìy domjnate the assembìage.

Many of the celìs growing near the blade surface become buriedin the silt

and detrjtus, all of which js he'ld together by further colonjsation of the

surface crust and the network of tubes formed by the tube dwel'lìng specìes.

At the 10 km statìon the sequence was s'imjlar with the exceptìon

that Coccone'is pel I uci da rep I aced C. pl acentul a var. euglypta (FIG.518,c)

and there was not much siìt deposit'ion. Thjs is probabìy due to the low

s'ilt loadìng of the water by the time jt reaches the 10 km statjon, most of

the s'ilt having been removed further upstream. The density of peniphyte

cover is often lower at the seaward end of the estuary wìth the exception of

blooms of the tube dwelììng Berkleya rutilans and the growth of macroscopìc

algae such as Myrionema magnusi 'i (Sauvageau ) Loi seaux

In general the colonisat'ion of Zosterq bìades can be divjded into

four stages.

1. Ini ti al col oni satj on of bacterj a and Coccone'i s speci es, ei ther by a

'large number of colonisjng cells which continue to arrive for the

first 7 days or by a few colonjs'ing cells wh'ich djvìde rap'idly on

the new substrate. The pìankton was observed to have very low

densities of viable diatoms (less than 1000 cells/litre) which

suggests rapid growth from a few colonis'ing cells is the more

likely strategy.

2. ¡¡ithin one to two days, colonisatjon by common epiphyte cells starts

These cannot spread themselves over the surface as the Cocconei s

spec'ieS can and therefore tend to grow jn clumps or colonies where

the colon'ising ceìl fjrst attached to the substrate. The epiphyte

colonies would appear to reduce the water velocity near the blade'
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and thjs has the dual effect of assisting s'ilt depositjon and

prov'id'ing a relatively she'ltered envjronment for motjle cells to

colonise the surface without bejng carried away by the current.

This is also the stage that fungal and macro-algaì spores colonise

the bl ade.

3. After 7 days the motile species begin to become numerjcallv

domjnant as the blade surface beg'ins to build up sufficient sed'iment

to appear simjlar to the mud flat on which the Zostera grows. Flanyof

the epiphytes whjch ljve only near the blade surface and the Cocconeis

species tend to die, presumab'ìy due to being buried in the silt and

detritus, or being shaded by the fiIamentous spec'ies'

4. After 14 days, periphytjc and ep'iphytic animals tend to become

assocjated with the assemblage. Those observed are protozoans and

other detrital feeders (e.g. copepods and rotifers) with mouth parts

too small to feed on any but the smallest djatoms. At this stage'

also, the epiphytic djatoms appear to reach a balance between

growth , col on'isati on and I oss due to death , predat'ion and cel I s

being carrjed off by the current (see Ch. 4.2.2.). Any macro-a1gae

present tend to produce vertjcal filaments at this stage and become

more obvious.

Th1s sequence can be delayed by a sudden change'in temperature, as

observed i n aquari um stud'ies usi ng po'lythene stri ps . Aquaria used 'i n Zostera

growth studies were set up w'ith water collected from the 2 km and 10 km

statjons respectively and were p'ìaced in controlled temperature rooms of

12oC and 20oC. The effect of temperatures whìch approx'imate w'inter and

summer conditjons could then be observed w'ith respect to species found jn

either ênd of the estuary.

At 20"C there was l'ittle difference in colonisat'ion between the two

sets of attaching assemblages (FIG. 52) except for the presence or absence

of a few spec'ies. In the 12oC aquaria the colonisatjon of the strips by
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djatoms was much slower (FIG. 53) for both aquaria, and Cocconeis scutel I um

was the dominant diatom coloniser. This was observed w'ith species which were

origina'l1y derived from temperatures in the estuary of approx'imate'ly 20"C.

Different species are often involved in the assemblages, depending on

the ambient salinities, but those species which occur in both summer and

winter assemblages appear to become acclimated to a part'icular temperature

reg'ime and do not survive a rapìd change. It is like'ly that some nlembers of

these populations can live in some temperatures better than others and when

such conditions are present those cells then outgrow the other cells to form

the majority of the new population. The population then appears to become

acclimated to that temperature. This principle is likely to apply to other

environmental conditions such as salinity and may expìa'in the wjde salinity

"tolerance" of Cocconei s scutellum and other euryhaline spec'ies. Thus a

population can be thought of, as hav'ing a tolerance to environmental change

even if this is not true for individuals within the population.

Referring again to Cocconeis scutel I um a samp'le collected from the

6 km station in November 1975 is of relevance to the observations of Sieburth

& Thomas (tfZS¡. Lack of rain and a series of low tides had left this region

of the 0nkaparínga in a near stagnant condition. Cocconeis scutellum had

colonised the Zostera blades and,'lacking any competitjon, had formed a crust

coverjng the entire blade, after which the cells had all died. Some ep'iphytes

had colonised the surface of the crust and had also d'ied. The samples

observed by Sieburth & Thomas had come from a brackish marsh whÍch may

provide conditions almost as extreme as those noted above, but not sufficient-

ly severe to kill the Cocconeis nor to prevent colonisation by other species.

The controlling factors appear to be the relative colonisation and growth

rates of Cocconeis and thã epiphyte species.

4.2.2. The iuvenile and mature blade communities.

To study the next stage of the development of the periphyton assem-

blage and to gain some insíght into a possible source of colonising species,
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the 14 day assemblages growìng on iuven'ile Zostera blades were compared with

the next most mature blade assemblages from the same p'lant. These more

mature blades were estimated to have assemblages aged between 25 and 30 days.

samples were scraped, shaken vìgorously to break up the colonies and gjve

random dispersa'l , and the lìving cells (those w'ith 'intact cytoplasm) were

counted in a Haemocytometer and referred back to the area of the sampled

piece of blade to g.ive an estimate of cell density. The dom'inant interest

was in the epjphyte spec'ies which form the basis of this study but motile

species Were also noted. Samples were collected every three weeks from June

1976 to February L977.

The epiphyte species composition and total cell densities (FIGS 54-

57) show the two sets of assemblages (14 ancl 25-30 days) to have almost

.identical species' structures at any g'iven t'ime. For the non-motjle epiphyte

spec.ies there can only be two specìes' pooìs from which cells can be derived

for colonising a substrate,'i.e. the plankton or mature epìphyte assemblages'

0bservations on the plankton showecl it to be very poor in epiphyte spec'ies

and that the epìphytes s'ink out of suspension'in a few minutes in the low

current vel oci tj es experi enced generaì ly i n the 0nkapari nga. Thi s i ndi cates

that the ìike1y source of epiphyte colonising ceìls would be prevìously

colonjsed blades near the iuvenile blade. The system of blade production

ensures that the iuvenile blade js surrounded by more mature blades and is

usualìy withjn a few centimetres of them, jf not actually touching' The

juvenile blade therefore tends to be colonised by those epjphyte specìes

which are growing weìl on the more mature blades. It'is likely to be a bi-

directional flow of cells and if the interchange is sufficìent'ly frequent the

common species would be expected to be found in the same proportions regard-

less of the age of the assemblage' as jndjcated by the observations made

here. The more mature assemblages do have an ìmportant role in provìding

conditions which ajd jn colonisation by spec'ies new to the assemblage, the

celIs of which may be carried advent'itiously in the plankton'

Thìs nearness to and potentìaì 'interchange with assemblages of
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various ages may be very different from the dynamìcs of assemblages deve'loped

on hard substrates such as glass slìdes. Contìnuous coìonisation of the

assemblage (not necessarily the Zostera blade surface) part'ially expìaìns why

the lìvìng species found on mature blades may not reflect the spec'ies

compos'ition that would have been found on the blade several weeks earlier.

This is particu'larìy so jn an estuary when environmental fluctuations may

lead to a rapìd reduction in the number of liv'ing cells'in the assembìage.

The "mature" assembìage may therefore have species in it which have been

colonis'ing the assemblage only for as long as they have been colonjsing the

"juveniIe" assemblage. That this js so'is ìndicated by the total celI

dens'itìes. l,Jhen the environment has been relat'iveìy stable for a few weeks,

the mature blade'is usually found to carry higher densitjes of ep'iphytes than

the juvenile blades because the assemblage had been colon'ised and growìng

ìonger on the older blade. Alternatively, when the environment has been

unsLable, epjphyte densit'ies tend to be very s'imilar and low because the

spec'ies now forming the l'iving assemblage may not have been growing for very

'long on either juvenile or mature blades. Both may actually be young

assemblages regardless of blade age.
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4.3. The attaching species as a part of the periphyton.

In chapter 3.3. and agaìn in this chapter, it has been emphasised

that one of the side effects of colonisation by attach'ing spec'ies'is the

formation of filaments which extend out into the water. These filaments

increase the l'ikelihood that both s'ilt and planktonic cells will be

trapped and hence added to the assemblage. Both aspects are apparently

important to the periphyton. The entrapment of a new species whjch may be

better suited to a recently changed environment js necessary if the peri-

phyton is going to continue to exjst, as it wjll survive when other spec'ies

dje off. In chapter 5.2. it will be shown that the periphyton assemb'lage

recovers very slowly when the epìphytes are greatly reduced in numbers and

remains species poor for several weeks after the epiphytes begin to return.

llith respect to the motile spec'ies which can theoreticalìy (and probably do)

move up from the mud along the blades, there'is the added djmens'ion in

their apparent requirement for a sjlt layer over the Zostera blade. The

max'imum number of motjìe species can usually be found in the upper reaches

of the estuary (fle. 58) regardless of the amb'ient salinity. Some of these

species are known to be freshwater species, others have been found'in

various parts of the estuary but only consjstentìy jn the upper reaches.

An associative ana'lysis was carried out using the local program

"LANGE 3" which calculates the correlation coefficients for each pair of

species on the basis of presence and absence data. LANGE 3 was run with

presence and absence data for the n'inety five species described in chapter

2.2. fr:om juvenile blade sampìes collected between March 18, 1976 and

February t6, L977 from all four sampìing statìons. The results indjcated

the presence of five groups which were clearly defined at a level of

probab'iìity of less than 0.001 (fle.59) but become less well defjned by

the presence of common species at lower confidence ljmits. Fifty percent

of the species (47 species) e'ither formed or were loosely assoc'iated wjth

one group. Many of these Group I spec'ies are common freshwater forms but

others can be found in a wide range of salinjties. It would appear that
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Group I is an associatjon of which the members have only thejr presence

jn the upper reaches in common. Thìs does not impìy onìy a freshwater

associatjon because there are other gradìents jn the estuary than just

salìnity, one of which is the amount of silt which buiìds up on the

Zostera blades. An jntensive study of both peripe'lon and periphyton

would therefore be needed to gajn jnsìght into the jndjvidual requirements

of each of these spec'ies.

The complexity of Group I compared to the other four groups is

best indicated by a factor analysis of the presence and absence data for

the species which form the groups. The data was anaìysed using the FACTOR

subroutjne of the Statistjcal Package for the Social Sciences, Versjon 7

and the inter-variable relatjonships with respect to the first three factors

illustrated by FIGURE 60. The variance jn the data was sufficjently compìex

that eighteen of the factors were significant (Eìgenvalues greater than

1.0) but the first three factors adequate'ly separate the five groups derived

from LANGE 3 (see also FIG. 59). The first factor js inversely related

to distance down the estuary (thougfr not sìgnìficantly so) but the other

components show no obvious relationship to any of the measured environmental

parameters.

In conclusion, the colonjsatjon of Zostera blades is a very

complex process wh'ich probab'ly relies to some extent on unmeasurable or

unknown parameters and can therefore only be described in the most generaì

terms with reliance on largely circumstantial evidence. This uncertainty

is likely to increase with the age of the assemb'lage as the interactions

in the assemblage become more complex.
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5. ENVIRONI'IENTAL INFLUENCE ON COMMUNITY DEVELOPMENT

5. i. Introducti on.

An estuary provìdes one of the most'interesting and yet most

difficult environments to be studjed. The maior logistical probìem involves

trying to measure or estimate the diurnal fluctuations due to tidal ebb and

fìow, how these fit jnto the spring to neap cycìes and how it all fits'into

an overall seasonal varjation. There is the further compljcation that cycles

of wet and dry years occur to distort otherwise annual cycles (see Ch.5.2.).

in a study such as thjs, the djurnal variation can on'ly be observed

fo¡isolated instances as the estuary is too heavily populated to leave con-

tinuous recorders unguarded. A compromise was reached by spendìng the two

days prìor to each samp'ling date making observat'ions on the tidal cycìe, one

day each at the 2 km and 10 km statjons. The variat'ion jn river level was

recorded with the aid of a gauge post placed jn the water. Sal'inity and

temperature at the level of the Zostera blades was measured wjth an AUT0LAB

Hamon Temperature/Sal ì ni ty bridge l'lodel 602. Photosyntheti cal 1y acti ve 1 ìght

input wa.s measured at blade level wjth a LI-COR (Modeì LI-185) quantum sensor

(when avajlable). Qxygen concentratjon, as percent saturation, was measured

with an Electronic Instruments Ltd. Djssolved 0xygen l4eter, Model 1510

(subject to malfunctions) ancl converted to a concentratjon by an equatìon

the derivatjon of wh'ich can be found in APPENDIX A. Current veloc'ity was

measured by a 24xZ4cm aluminium drogue and by a General Ocean'ics I'iodel 203I

Di g ì tal Fl otuneter v¡ j th a I ow vel oci ty prope'l I er .

These studies were backed up by observations and water sampìes

taken at each samp'ling statìon at the time of samp'ling the Zostera. Saìinity

and temperature profìles were taken for the water column from surface to

sediment over the Zostera beds. Water samples were taken at the Noarlunga

ford (to monitor the ìnput from the river) and at the surface and near the

sediment over the Zostera beds at each samplìng station. These water sampìes

were then analysed.rt the Boljvar laboratories of the South Austral'ian
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Engineering and Water Supply Department for the folìowing:

1. Total Djssolved sol'ids (TDS) 7. Soluble Phosphate (P04s)

2. pH B. Total PhosPhate

3. Nirrite (N02) 9. Sjl jcon Djoxide (Sj02)

4. Njtrate (N03) 10. Total Organic Carbon (T0C)

5. Ammonia (NH3) 1i. Total carbon

6. Total Kieldahl Nìtrogen (TKN)

From these the folIowjng variables were also derived:

LZ. Total grganic Nitrogen (TON): TKN less the inorganic compounds N02'

NOt and NHt.

13. particulate Phosphate (P04P): Total Phosphate less POOS.

14. Total Inorganic Carbon (TIC): Total Carbon less TOC (see also APPENDIX C).

Total dissolved solids (or salinity) has already been shown'in

both fjeld studies (Karentz & Mclntjre 1977; Ma'in & Mclntire 1974) and

laboratory studies (Admjraal Lg77b; Martin 19701; Wulff & Mclntire Ig72) to

be an important factorin the djstribution of estuarine d'iatoms- Mclntire

(1973), using four variables (mean salinjty, mean salinjty range, mean temp-

erature and mean emergence time) and Princìple Components Analysis, showed

that salinity was the most ,important varjable jn determinjng the djstributjon

of winter djatom assemb'lages jn the intertjdal zone of Yaquìna estuary'

gregon. Mclntjre's (tgZ¡) analysjs js likely to have been bjased by the

probable covariance of the first three varjables, and the few variables

considered (see Ch. 5.3"3.). This does not detract from the result that

saljnjty ìs an important variable but does leave the question unanswered of

its importance, relative to other environmental variables.

pH was included largely for jts effect upon whìch form of ìnorganic

carbon would be available to the plant community. Both river and seawater

were found to be equally alkaline, varying generaì'ly between 7.9 and 8.5 with

extremes of 7.7 and 9.1 being recorded. These measurements were taken in the

1. Martin, J.V. lg70: Salinìty as a factor contro'll'ing the distributjon of
benthic esiuarine djatoms. Ph.-D. Thesjs,0regon State Univers'ity, Corvallis'
0regon, U.S.A.
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I aboratory several hours after sampl i ng and show a more extreme range about a

mean of 8.3 than the few'in situ measurements would'indicate is normal for the

estuari ne waters .

The rest of the assays were 'included to cover the genera'l

range of njtrogen, phosphorous, sjlicon and carbon sources (Bates 1976;

Carpenter 1970; Confer 1972; Faust & Correll 1975; Ferguson et al. 1976;

HoJmes 1966; Lewin 196i) without going into the complex study of vìtamins,

micro-nutrients and trace elements which have been shown to be necessary for

the growth of some diatoms (e.g.Carlucci & Bowes 1972; Droop 1955; Jeffrey &

Carpenter 1974).

Daily rajnfall fìgures for Mt Bold reservoir were investjgated as a

possible ajd in est'imating river flow but were found to be of little value,

providing no ìnformation that was not aìready evjdent from the salinity data.

This hydroìogical aspect of the study wiìl be returned to in Chapter 7.

The oxygen readings were simjlarly uninformative with the daììy

range vary'ing from 10-20% to I20% saturation, and sometimes well in excess of

200%,at which bubbles formed. Lack of fa'ith in the accuracy of the oxygen

electrode after l't had been immersed for several hours led to the discardìng of

the results on the assumptìon that oxygen would not become limjting at a low

concentration due to the shallowness of the estuary, and if high concentrat'ions

were limiting, the oxygen meter was 'incapable of measuring them.

In general the concept behind this section of the study was to obtajn

a broad, stabl e env j ronmental data base wh'ich woul d ma'intai n j ts structure

when combined with periphyton data for multivarjate analyses. To derive the

maximum information out of such analyses jt was necessary to have available

the maximum number of environmental variables that could be measured within

the limits of available time and analyticaì resources and are ìikely to have

some bearing upon the distribution of periphyton specìes. The physico-chemjcal

envjronment was considered to be the principle determjnant factor in population

and commun'ity dynamics, in agreement with Kinne (1967). The biological envj-
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ronment of extracellular substances, compet'ition for lightr predation, etc.

was considered to be a minor factor compared to the phys'ico-chemical environ-

ment, as well as being very difficult to quantify. A secondary objective was

to avoid, as much as possible, the potentia'l bias,such as that already mentioned

with respect to l4clntire (1973), by considering too few environmental varjables.

Mul ti vari ate anaìyti ca'l techni ques have been used, w'i th apparent

success, in terrestrial plant ecology for some time (e.9. Ivimey-Cook & Proctor

19671Lambert & l,lilliams 1962; Lange 1968; Noy-l4eir 1971,1974) . Aquatic plant

ecologists have been slower to adopt these techniques but the studies in which

they have been used (Allen 1967,I97I; Karentz & Mclntire 1977; Mclntire 1973;

Ricard 1977; Symons 1970) show that extra, useful jnformation can be extracted

from the.otherwise complex ecological data which so often results from aquatic

ecological research. In this study, Factor Analysis has been found to be use-

fut in the extraction of information from large amounts of data and forms the

basis for most of Chapter 5.3. Another "popular" multivariate ana'lytical

technique was investigated, vis. Canonical Correlation. However, this requ'ired

that one set of variables should be independent and too few of the environ-

mental variables could be reaìistically placed in such a category. The

ana'lysis was therefore not used.
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5.2. The impf ications of seasonal and spacial djstributjons.

The ecology of assemblages of attachìng diatoms from estuaries have,

untjl now, been studied in cool to cold temperate climates (Bacon & Tay'lor

t976; Hargraves 19651; Martln 19702; Welch et al. Lg72). Such assembìages

are characteristicalìy ìim'ited by'low temperatures and low ljght during the

winter and have a late spring to summer maximum in cell densjties. The

¡nkaparinga estuary ìs situated in a warm temperate cl imate and water temper-

atures rareìy drop below lloC in the winter. I^lhat effect this cl'imate would

have on the seasonal dynamics of the periphyte assemblages was unknown and

worthy of investigatìon.

A study of the juvenile blade (14 day) epìphytes was initiated'in

June,1974 as part of work towards a B.Sc. (Honours) degree. This was an

opportune tjme to start because the wjnter of 1974 was part'icularly wet (the

last before commencement of the drought of 1975-8) and variations'in species'

dist¡ibut'ions were more marked in i974 than they were in the period between

1975 and 1977 covered by this study.

Juvenile blade tips from at least ten pìants were sampled'injtia'lly

every two weeks (June to November, 1974; March, 1975 to March, 1976) and

later, every three weeks (March, !976 to February, 1977. The samp'ling stations

(2,6, B and 10km downstream from Noarìunga ford) were chosen because of the

presence of extensive Zostera beds (not present at the 4km statjon) and gave

samp'les which were representat'ive of perìphyton distribution in the estuary.

The samples were preserved in 4% Formalin and seawater, the periphyton then

beìng scraped off the blade, shaken vigorous'ly to break up colonies, and

concentrated down to a known volume for counting under the microscope using

a Haemocytometer. The surface area of each blade from whjch the perìphyton

had been scraped was measured so that cell densities could be est'imated. Diatom

i. Hargraves, P.E. 1965: 0n the seasonal ,changes. in pìant perìphyt
ialiniti gradient. M.Sc. Thesjs, Unjversìty of Rhode Island, Rhode

in a

land, U.S.A.
on

Is

Z. Martin, J.V. 1970: Salinìty as a factor controlling the djstribution of
benthic esiuarine djatoms. Ph.-D. Thesis,Oregon State Universìty, Corvalljs,
0regon, U.S.A.
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cells which st.ill had'intact cell contents were defined as having been viable

at the tìme of sampl'ing. V jable cell densitjes were est'imated for epiphyte

species from all sampìes collected. Due to djfficult'ies jn jdentifying viable

motile cells these were not stud'ied until March 1976 when they were included

as an estimate of total moti le cel'l density'

The total epiphyte cell densitjes and the proportion of each spec'ies

in each sample are shown jn FIGS 6I-72. These results show a peak in epj-

phyte production from late Autumn to earìy Sprìng. There js an apparent

jnverse relationshjp between ambjent sal'inity and ceìì densities wh'ich probabìy

ref lects a posit'ive correlation with freshwater input. In addl'tion ' a compar-

ison between the 1974 data (FIGS 61,64,67 & 70) and the 1976/7 data (FIGS 63'

66,69 e 72) shows a decline in the height of the peaks since 1974 which is

probably a direct effect of the drought. Most of the nutrient jnput ìnto the

estuary is derjved from runoff after rain (see Ch.5.4.) as the local seawater

has low nutrient levels. For example, both nitrate and soluble phosphate are

usualìy present in concentratjons below 0.02 mg/1 at the seaward end of the

estuary and are often in the region of 0.5 mg/l in the upper reaches.

The low prec'ipìtation rates for 1975 and particularly i976 have

had two major effects upon the epìphyte assemblages. An important effect js

the reduced nut¡ient jnput into the estuary so that the potential growth rates

are reduced. Linked with this is the reduct'ion in the length of time durìng

wh.ich parts of the estuary have low salinity, high nutrient condit'ions. The

euryhaììne species (Melosira sp.1, Synedra tabulata and Achnanthes brev'ipes

VA r. jntermed.ia) and freshwater spec'ies (synedra pgìcheì la var. lacerata and

Gomp honema constrictum var. ca pitatum) have apparently evoìved to expìoit

these cond.itions as jndicated by their domjnatjon of the wjnter peak assem-

blages (FIGS 6I-72). Not only the epiphytes grow best during the winter but

also some of the motile (tube forming) species, partìcularly Berkleya rutjlans,

Nitzschia vidovichi i and N. sigma var. rigjda, form the base of wjnter peaks

in motile cell densitjes (FIGS 73,74).
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Comparison of the variatìon of dominant epiphyte species'

proportions wjth respect to d'istribution down the estuary (FIGS 61-72,75 -

W'inter,76 - Summer) indjcate that there are three basic groups of epiphyte

specìes. The first group could be potentìaìly div'ided into two groups, one

contaìn'ing the freshwater specìes (listed above) whjch genera'ìly appear at

the top end of the estuary during a wet wjnter (FIG.75A), and the other, a

euryhaline group of species wh'ich grow best at the top end of the estuary

during relatively dry wjnters (FIG. 758,C) but are common throughout. During

the summer (FIG. 76) these freshwater-euryhaline spec'ies tend to be limited

to the upper reaches, a'lthough two (Melosira sp.1 and Synedra tabulata)

generally occur throughout jn low densities. The second group contains eury-

hal'ine spec'ies, with limited tolerances, wh'ich are found in the 6-8 km region

durìng the summer (FIG.76) but tend to almost disappear during the winter.

Thì s group comprjses Granmatophora oceanica Lìcmophora s p.3 and the much

rarer species Plagjogranrna staurophorum and Dimeregramma m'inor. The third

group is near'ly absent durìng the wjnter but may penetrate all the way up

the estuary during the summer. These are marine-euryhalìne spec'ies which

atta'in their maximum densjt'ies at the lower end of the estuary and jnclude

Licmophora flabel lata Synedra fulgens, Rhaphonejs surirella var. austral'is

and Stri atel I a un'i punctata.

From the species'correlation matrix (fte.59) it can be seen

that the first group has species belongìng to GROUP I of the matrix pìus

those species which are so common that they cannot be segregated into any

group from presence and absence data (i.e.Melos'ira Sp.1, S nedra tabu I ata

and Achnanthes brevipes var. intermedia . The second group corresponds w'ith

GROUP V of the matrix.

Data containing limited ìnformatìon, such as the presence and

absence data referred to here, can therefore assist with the interpretation

of species' ¿bundance data by prov'iding bas'ic groupìngs wh jch can then be

looked at more c'loseìy. Even with a relatjvely dry winter, such as 1976,

species from each group show djstributjons characteristjcs of the group as
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described above (FIGS 77-79). To get more'informatjon out of the data,

hOwever, it becomes necessary to use one or more of the techniques of

multjvariate analysis as well as bivarjate analysis.
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5.3. Correlational analYses.

5.3.1. Structure of the environmental data.

In Chapter 5.1. it was stated that one of the obiects of the

samp'ling program 1^tas to provìde a broad data base of environmental variables

wh.ich would not be too djsturbed'if spec'ies or assemblage data was added for

a combined analysis. It was therefore necessary to analyse the env'ironmental

data to discover how the variables related to each other. The most convenient

method to invest'igate between-variable relationshìps is to calcuìate a set of

common factors whjch make up various aspects of the entire data set, ì.e. a

Factor AnalysÍs. Each variable contributes to a greater or lesser extent to

each factor and variables hav'ing a strong covariance will usually cluster

together with respect to those factors over which they have greatest influence.

In addition, the factor axes may be rotated mathematically to aid'in the

delineation of the various variable clusters.

The analysis was carried out wjth the aid of FACT0R, a program

wh.ich is part of the Stat'istical Package for Soc'ial Sciences (5PSS) software

attached to the Adela'ide University Cyber 173 Computer. The general pract'ice

in the use of such analyses is to consider as sìgnifjcant on'ly those factors

which have eigenvalues of 1.0 or greater, and this convention will be appfied

here to the unrotated factors. Rotation of axes' where used, is the VARIMAX

orthogonal rotation of FACTOR usìng data normalised by the method of Ka'iser

( 1e63) .

Thjrteen variables were analysed, both as a data set by themselves

and as a data set related to distance down the estuary. The variables includ-

ed were:

1. TDS (Total dissolved sol'ids) 8. P04P (Particulate phosphate)

?. pH 9' TIC (Total inorganic carbon)

3. NH3 10 . TOC (Total organ'ic carbon )

4. N02 11. SILOX (Si I icon oxides )

5. N03 12. TEMP (Temperature)

6. TON (Total organic nìtrogen) i3. QUANT (total daily quantum input)

7. P04S (Soluble PhosPhate)
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The anaìysjs ind'icated that there were four sjgnificant factors

cont¡ibuting to the data variance. Ì,Jith the add'ition of the dìstance

var iable (DIST), the four factors accounted for 76.9% of the variance.

VARIMAX rotation of the factor axes gave the situation ilìustrated in FIGURE

B0 (see also TABLE 5.1; FIG.81). From the graphs it is evident that there

are four groups of variables,'in five clusters, whjch contribute sjgn'ifìcantly

to each of the four factors respect'i vely

The first factor is largely composed of variance related to the

bio'logical1y de¡ived variables TON, P04P, NH3, TOC and pH. Observations

indicated that these variables would be correlated with a phytop'lankton bloom

cons'ist1ng of a dinofìage'l1ate (Pyrodinium sp.), a spec'ies of Euglena and

several small flagellates. These variables are therefore l'ikely to be con-

trjbuted to by the plankton (including diatoms, bacteria and various anjmal

species in addjtion to the flagelìates already mentioned) rather than

necessarily being major components of the chemjcal environment to wh'ich

species will react. It is not known what proport'ions of TOC and TON are

bound up in b1o1ogìcal materjal and what proportìons are dissolved in the

water and potentja'l ly avai I abl e as nutri ent resources for the perì phyton .

The second factolis mostìy contrjbuted to by two inversely

correlated sets of variables based on position jn the estuary. One cluster

of vaniables is related to freshwaterinput'into the estuary, the most

ìmportant of which are TIC and SILOX. Both TIC and SILOX dimìnjsh in con-

centration down the estuary, TIC diminishes due to the precipitation of

excess carbonate upon mixing with saline waters and SILOX is probably reduced

by absorpt'ionbydiatoms. At the opposite pole of FACTOR 2 is the cluster of

DIST and TDS.

The third factor effectìve1y represents the temporaì aspects of the

data with the summer maximum variables (fE¡,tp and QUANT) dìrected towards one

poìe and the wjnter maxjmum variables (e.g.N03) directed towards the opposite

pol e.
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FACTOR

TON

P04P

Nlt3

TOC

pH

SILOX

TIC

N03

N02

PO4S

DIST

QUANT

TEMP

TDS

.81

.70

2

.12

.18

.37

.31

-.13

.50

-.92

-.24

-.03

-.63

3

-.07

- .08

-.24

.07

-.46

-.30

-.12

-.42

4

.13

-.04

.12

-.r2

.25

.17

.05

.49

.94

.69

.10

-.14

-.04

-.02

1

90

.62

.61

.2t

.19

.08

.03

.03

- .09

- .09

-.11

-.23

8B

10

02

07

-.27

.08

-.18

.91

.95

.21

%Vari ance 36.58 18.25 12.25 9 .72

Eî genval ue 4 . 63 2.3L 1 . 55 I .23

TABLE 5.1 Eigenvalues, eigenvectors and the percentage of

vari abi'l i ty associ ated wi th the f i rst four VARITvIAX

rotated factors for environmental variables.

Dominant variables of each factor are underlined.



105

The fourth factoris mostly derjved from the variance of the inor-

gan'ic nutrjents, njtrate (N03). njtrjte (N02) and soluble orthophosphate

(P04S). The concentrations of these three compounds were hjghest jn the

samples from the 6 km and B km stat'ions (flgS 82-84). This was apparentìy

due to input from a small creek, approx'imateìy 5 km downstream from Noarlunga

ford (FIG. 2), which was drajning nutrient rich water from the land on the

northern side of the estuary. Apparently the Noarlunga meatworks, banned

from emptying sewage into the 0nkaparinga, had been spraying'it onto pastures

as a fertil'iser (Dr D.A. Steffensen, pers. comm"). The excess water was

findjng its way into the creek where it was found to be nourjshing a dense

bloom of an Euglena species. The effects of thjs input were notjceable

3 km upstream on the hjgh tide (fle. 85) and about the same distance downstream

on the low tìde. Thjs aspect therefore breaks up what would otherwise have

been a system of envjronmental variables which vary constantly along the

estuary. One of the functions of factor ana'lys'is js to assist jn delineating

the varjation due to such disturbances to the system bejng studied. In this

case the grouping of variables js also shown up by bjvarjate analysis. The

correlation coefficjents (FIG.81) show signifìcant between-varjable correl-

at'ions (0.4 or more) wjthin the clusters deljneated by FACT0R.

In conclusjon, the perìod from March 18, 1976 to February 16, 1977

covered a year of below average rainfall for the catchment of the Onkaparinga

river. Even so, there was enough rain for jncoming freshwater to vary the

chemistry of the estuary sufficjently for correlation anaìyses to be

considered worthwhile. The varjables included provide a robust data base

which should not be markedly affected by the addjtion of another variable

representing some aspect of the periphyton. In a general way, the contrjb-

ution of the position jn the estuary, season, organic and inorganic variables,

to the variance of selected aspects of periphyton assemblages can therefore

be estimated.

If this was a non-flowing system such as a lake, max'imum cell

densities would lead to a depletion of available nutrìents. In a flowing
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system such as the estuary during winter, such a depletion would be unlike'ly

to occur due to the cells not being in a body of water long enough to remove

all the nutrients, though the concentrations are likely to diminish towards

the seaward end of the estuary. Thus direct correlationsare likely to be use-

ful in elucidating the environmental circumstances which contribute to max-

imum cell densities and will be treated as such here.

5.3.2. Correlations between periphyton and the environment.

The periphytic d'iatoms are represented by the variable TOTCELL which

is composed of the total density of viable djatom cells for èach samp'le. In

chapter 5.2. it was shown that the maximum epiphyte and motile cell densities

occurred during the winter. In the factor anaìysis this variable would be

expected to contribute to the opposite pole from TEMP and QUANT on the

seasonal factor. As the maxima of epiphytes and motile cells occurred at

opposite ends of the estuary, TOTCELL would not be expected to contribute

much variance to the distance factor. The ana'lysis shows (TABLE 5.2) that

the seasonality of the TOTCELL variance is so marked that it causes the

seasonal factor to replace the distance factor as FACT0R 2. 0n both factors

TOTCELL is negative'ly related to salinity (see also FIG.86), but the

scattergram of TDS versus TOTCELL (FIG. 87) shows how little low-salinity

information is available to back this up. Alternatively the inverse relation-

ship of TOTCELL with TEMP (fle. 88) and QUANT (FIG.89) indicates a strong

inverse correlation. This on its own is not very informative as most of the

nutrients are also inverseìy correlated with TEMP and QUANT (FIG. 86) and may

well be over-riding any effects of ìow temperature and light. ì,,lith respect

to T0TCELL the most'important nutrient variables appear to be nitrite, nitrate

and ammonia. However, the presence of high ce'l'l densities at times of low

concentration of one or other of these compounds poses the question of

whether all of the nutrients are required for maximum cell densities or do

some of the components of the periphyton grow better in some nutrients than

in others?
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FACTOR

1

90

.81

.69

2

.10

.08

.26

.06

.46

.30

.12

.57

.44

3

.13

.18

.37

.34

-.12

.50

.10

.09

.06

-.02

-.23

-.92

.00

4

.74

- .04

.09

-. 13

.25

.14

.03

.23

.47

TON

PO4P

NH3

T0c

pH

SILOX

TIC

TOTCELL

N03

PO4S

1,t02

QUANT

DIST

TEMP

TDS

.62

.60

.20

.20

.17

.07

.03

.02

-.07

-.09

-.10

-.22

86

-.05

.35

-.92

20

16

95

.70

.93

- .09

.00

.01

- .0366

%Vari ance 36 . 16 18.49 17 .27 8.99

Ei genva'l ue 4.91 2.51 1 .53 l -22

TABLE 5.2 Eigenva'lues, eigenvectors and the percentage of

variability associated with the first four VARIMAX

rotated factors for environmental variables plus

total viable cell densities.

Dominant variables of each factor are underlined.
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The next stage jn the ana'lysis was to break the total cell densities

down jnto the epìphyte (T0TATT) and motile (TOTUNAT) spec'ies. Factor

analyses of these two variables (TABLES 5.3 & 5.4)'indicated the differences

that can be hidden by a conglomerate grouping such as TOTCELL.

T0TATT contributes strongìy to FACT0R 1 with the organic variables.

A far more intensive study than was possíble here would be required to deter-

mine whether the epiphytes contributed to, merely.correlated with, or are

stimulated to grow by aspects of the organic variables (see also Ch.7).

T0TATT, as also indicated by figures 6I-72, is inversely related to

distance down the estuary and therefore contributes to the TIC/SILOX pole of

FACTOR 2. The strongest re'lationship is the inverse correlation of T0TATT

with TDS which probably ind'icates a requirement for salinites below normal

seawater. This could equa'lìy well be partially due to the input of nutrients

which are also inversely related to salinity and positively correlated with

T0TATT., The inorganic variables of FACTOR 4 positively covary with T0TATT.

Most of this appears to be due to the correlat'ion of T0TATT with both N02 and

N03.

By comparison (TABLE 5.4), the motile cell variable TOTUNAT onìy

strongìy covaries with the temporal axis (FACTOR 3) in a manner which implies

maximum cell densities during the winter. TOTUNAT has a negative correlation

with the organic variablesof FACT0R I (FIG. 86) and shows a lower correlatjon

with the inorganic variables (FACT0R4) than T0TATT. By observation much of

the variance of TQTUNAT would appear to be due to fluctuations in cell den-

sities of two of the tube forming species, Berkleya rutilans and Nitzschia

vidovjchii. Both these species bloomed at various times in late autumn and

early winter and mostly in the middle to lower reaches.

T0TATT and TOTUNAT are still conglomerate groupings, like TOTCELL,

reflecting the reactions of a variety of species, each potential'ly having a

unique set of environmental requirements for optimum growth. T0TATT was

therefore divided into its component species to investigate vlhether species'

level analyses would be more informative. For example, from figures 6I-72
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FACTOR

TON

PO4P

NH3

TOC

pH

TOTATT

SILOX

TIC

N03

N02

P04S

DIST

QUANT

TEMP

TDS

.20

.19

.08

.03

.03

- .09

-.09

-.11

-.24

.28

-.08

.18

- .90

- .96

.81

1

91

2

.12

.18

.37

.30

-.13

.46

.49

.86

.09

-.01

.08

- .93

-.24

-.03

-.66

3

.07

.08

.24

.08

.46

.38

.29

.11

.42

-.2?

4

.13

- .04

.12

-.r2

.25

.2r

.16

.04

.48

.96

.68

.00

-. 13

-.04

-.02

70

60

.61

.47

%Vari ance 38. 54 16 .92 11 .36 9 .08

Ei genval ue 5 .26 2.31 1 . 55 1'.24

TABLE 5.3 Eigenvalues, eigenvectors and the percentage of

variability associated with the first four VARIMAX

rotated factors for environmental variables p'lus

total epiphyte viable cell densities.

Dominant variables of each factor are underlined.
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FACTOR

TON

P04P

NH3

pH

TOC

SI LOX

TIC

N03

N02

PO4S

.TOTUNAT

DIST

QUANT

TEMP

TDS

.82

.7t

1

.90

2

.13

.19

.39

-.09

.33

.52

.89

.12

.00

.05

-.L2

- .89

-.29

-.07

- .66

3

.05

.02

.19

.44

-.10

.27

.05

.43

-.14

4

.13

- .04

.09

.25

-. 13

.14

.03

.47

.63

60

.2t

.20

.09

.04

.03

-.04

-.08

-.11

-. 15

-.22

.35

- .05

.50

.22

-.91

.92

.70

94

.16

- .00

-.09

.00

- .03

%Variance 34.56 19.39 ll'32 9'03

Ei genval ue 4.67 2-62 1 ' 53 L '22

TABLE 5.4 Eigenva'lues, eigenvectors and the percentage of

vari abi I i ty associ ated wi th the fi rst four vARItt{AX

rotated factors for environmental variables plus

total unattached viabte cell densities'

Dominant variables of each factor are underlined.
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ìt was evident that three specìes donrìnated the upper reaches during the

periods when max'imum cell densities were recorded. These species (Melosira

sp.1, Synedra tabulata and Achnanthes brevipes var. intermedia) must therefore

respond differentìy to the wìnter condit'ions than some of the others and

should be distinguished from the other species by a combination of mult'i-

vari ate and bi vari ate analyses.

The most obvious relationship between the three epiphyte species

which make up the wjnter cell density maxima js that they can each be

characterised as truly euryhaljne and will be found almost throughout the

estuary throughout the year. These specìes therefore have a selective

advantage over species which are restricted in their environmental tolerances

to a narrow sal ì ni ty range. Factor ana'ìysi s (fRglES 5.5-5.7) i ndi cates that

each of these species is probably exploìting different aspects of the estua-

rjne envìronment. SYNTAB covaries most strongly wìth the organ'ic and 'inor-

ganic varjables and has the highest correlation with the winter end of the

temporaì axis (FACTQR 3). Alternat'ive1y, ABREV has so much variance related

to position in the estuary that 'it causes the distance factor to be elevated

to FACTOR 1. Bjvariate analysìs (fIGUnf A0) backs up what is indjcated by

the factor ana'ìysis. MELSP1 and ABREV have more in common with each other

than e'ither have w'ith SYNTAB. MELSPl shows a stronger pos j tj ve or negati ve

correlat'ion with all variables, except SILOX, than does ABREV. It 'is

sìgnificant that several of the peaks of ABREV cell densities coincide wìth

peaks'in silicon oxìde concentrations. Achnanthes brevipes var. i ntermedi a

has 1arge, solidly constructed cell walls and there may be a requìrement for

h'igh concentrations of s'il'icon oxides to allow a rapid product'ion of new cell

walls which must coincjde wjth a rapid growth rate. Melosìra sP.1 js less

lìke'ly to requìre the same concentrations of siljcon oxides as the cells are

smaller and the cell walls much fjner than A. brevipes var. 'intermed'ia.

The overall ìmpression gained from the analyses 'is as follows.

MELSP1 and ABREV require moderately high levels of nutrjents; the most

important apparentìy are nìtrogenous compounds. Alternatjveìy SYNTAB grows
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FACTOR

TON

PO4P

NH3

T0c

pH

MELSPl

SILOX

TIC

N03

N02

P04S

DIST

QUANT

TEMP

TDS

1

.91

.80

.61

.36

.20

.18

.07

.03

.03

-.07

- .09

-.11

-.23

2

.15

.18

.39

.31

-.11

.50

.48

-.26

-.05

-.67

.87

.10

-.00

.08

- .93

3

.07

.07

.23

-.08

.46

.29

-.28

.10

.41

.27

-.08

.19

-.91

4

.13

- .04

.12

-.12

.25

.ls

.16

.04

.49

.95

70

60

- .95

.69

.01

-. 13

- .04

- .01-.2I

%Variance 37.39 t7.0L 11.51 9.09

Eigenval ue 5.10 2.32 1-57 L-24

TABLE 5.5 Eigenvalues, eigenvectors and the percentage of

variability associated with the first four VARIII4AX

rotated factors for environmental variables pìus

Mel o si ra sp.1 viable cell densities.

Dominant variables of each factor are underlined.
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FACTOR

TON

PO4P

NH3

pH

T0c

SYNTAB

61

1

.91

.83

.70

2

.12

1B

.36

-.13

.31

.18

.50

-.22

-.02

-.64

3

.06

.08

.23

.45

4

.12

-.04

.11

.24

-. 13

.27

.17

.04

.49

SILOX

TIC

N03

N02

PO4S

DIST

QUANT

TEMP

TDS

.22

.18

.09

.05

.0?

-.09

-.10

-.12

-.26

.87

.09

-.03

.07

-.92

.08

.32

.30

.12

.42

.28

- .08

.L7

- .89

- .96

22

60

43

96

.67

- .00

-.13

-.04

- .03

%Variance 36.72 L7.11 11.46 9.11

Ei genval ue 5 .00 2.33 1 .56 I -24

TABLE 5.7 Eigenvalues, eigenvectors and the percentage of

variability associated with the first four VARIMAX

rotated factors for environmental variables pìus

Synedra tabulata viable cell densitíes.

Dominant variables of each factor are underlined.
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FACTOR

TIC

SILOX

ABREV

.52

.41

.32

.2I

.14

.12

.07

.00

-.06

- .09

-.26

- .68

- .91

2

.17

.19

.23

.69

.61

.81

.90

.07

.03

.03

.11

.61

-.08

-.21

- .06

3

.09

.28

.16

.23

- .08

.08

.06

.42

20

.27

4

.04

.77

.08

.12

-.12

-.04

.13

.49

.69

.94

-.04

.25

-. 13

-.01

.01

1

86

50

NH3

T0c

PO4P

TON

N03

PO4S

N02

TEMP

pH

QUANT

TDS

DIST

09

27

95

46

89

%Variance 36.32 17.20 11.59 9.08

Ei genval ue 4.92 2.33 1 .57 7.23

TABLE 5.6 Eigenvalues, eigenvectors and the percentage of

variability associated with the first four VARIMAX

rotated factors for environmental varjables plus

Achnanthes brevipe s var. intermedia viabìe cell

dens i ti es .

Dominant variables of each factor are underlined.
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better in high nutrient, eutrophic situations again with emphasis on the

importance of nitrogenous compounds. The long intervals between samples and

the variety of compounds potentially contained in some of the variables

prevents any finer interpretation of the analyses.

The correlation with a nitrogenous nutrient source is also evident

in another specìes, vi s . Pl aq'iogramma staurophorum (PLAG). This specìes has

not been observed to reach cell densities of more than a few thousand per

square centimetre and these, as implied by both factor analysis (TABLE 5.8)

and the correlatìon coefficients (FIG.86), only occurred at the same time

as peak concentrations of nitrite (tlOZ) were measured. If this does imp'ly

reliance on nitrite as a nitrog en source then P. staurophorum is probab 1 y

bare'ly surviving in the waters of the 0nkaparinga where nitrite concentrations

have been rarely measured above .01 mg/l.

The remaining species were all thought to be marine to marine-

euryhaline, based on their distributions and as delineated by presence and

absence data (see Ch.4.3.). The marine-euryhaline species, Grammatophora

oceanica (GRAMOC; TABLE 5.I2), Licmophora sp.3 (LIC3; TABLE 5.14) and

Licmophora s p.4 (LIC4; TABLE 5.11) are difficult to dissociate from the marine

species Licmophora flabellata (LICFLAB; TABLE 5.9), Striatella un'ipunctata

(STRIAT; TABLE 5.15), Synedra fulgens (SYNFULG; TABLE 5.13) and Synedra

I aevi gata (sy¡tl-REv; TABLE 5.10). All these species vary from the winter

species by their low or negative correlations with the nutrient varjables and

their positive correlations with sal inity and distance. Both SYNLAEV and

GRAMOC are positively correlated with both TEMP and QUANT which may be due to

a response to temperature and/or ìight or some aspect of the environment not

accounted for here which is also correlated with 'light.

The analytical techniques used in this study are therefore useful in

sorting out the covariation of aspects of the environment with selected aspects

of the assemblages being studied, Such techniques are only as good as the

information upon which they are based. If another three to seven years were

available for this study it wouìd be logical to proceed to examine sites for
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FACTOR

TON

PO4P

NH3

T0c

pH

SILOX

TIC

PLAG

N03

PO4S

N02

DIST

QUANT

TEMP

TDS

1

.82

.69

.2t

.19

.11

.06

-.00

-.02

- .09

-.09

-.11

-.24

2

12

.18

.37

.30

-.13

.50

3

.08

.07

.25

-.08

.48

.30

.13

.04

.46

4

.16

.01

.12

- .08

.24

.20

.02

.44

89

62

59

BB

.02

.10

.07

-.02

-.92

-.24

-.03

- .63

- .03

.34

.18

-.92

-.2t

.4s

- .01

-.06

.02

-.02

68

94

94

%Vari ance

Eigenval ue

TABLE 5.8

34.53 17.30 11.46 10.20

4.67 2.34 1.5s 1.38

Eigenvalues, eigenvectors and the percentage of

variability associated with the first four VARIttIAX

rotated factors for environmental variables plus

ioqramma stauro ohorum viable cell densities.Pl aq

Dominant variables of each factc: are underlined.
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FACTOR

TON

P04P

NH3

T0c

pH

SILOX

TIC

N03

P04S

N02

LI CFLAB

.7t

1

.91

.81

2

.09

.16

.34

.26

-.18

.48

.09

.09

.00

-.32

-.77

.03

- .91

3

- .07

- .08

-.25

.05

- .45

4

.14

- .03

.12

-.14

.26

.16

.02

.49

.67

64

.61

.23

.22

.07

.03

.02

.00

-.11

-.12

-. 13

-.26

- .33

-.r7

-.42

-.12

.25

.07

-.26

-.06

.92

.95

- .07

-.13

- .05

¿04

.00

87

95

QUANT

TEMP

DIST

TDS 62

%Variance 34.43 77 -29 11.82 9'16

Ei genval ue 4.66 2 -34 1 .60 I '24

TABLE 5.9 Eigenvalues, eigenvectors and the percentage of

vari abi'l i ty associ ated wi th the f i rst four vARIIt'lAX

rotated factors for environmental variables plus

Licmophora flabellata viable cell densities'

Dominant variables of each factor are underlined.
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FACTOR

TON

PO4P

NH3

pH

T0c

SI LOX

TIC

N03

N02

PO4S

SYNLAEV

DIST

QUANT

TEMP

TDS

1

.90

.81

.7r

.63

2

.L2

.17

.35

-.16

.30

.48

.08

-.02

.08

-.17

- .93

-.18

.03

-.63

3

-.04

-.08

-.2t

- .39

.08

- .30

-.15

- .39

-.22

.19

.35

-.72

.89

.93

.25

4

.L2

- .05

.14

.31

-.12

.20

.06

.52

.76

.13

.03

-.22

-. 13

- .03

.62

.23

.20

.09

.04

.03

.01

-.09

- .13

-.15

-.24

86

89

%Vari ance

Ei genva'l ue

TABLE 5.10

34.81 17 .07 11.70 9.91

4 .67 2.29 1.57 1 . 33

Eigenvalues, eigenvectors and the percentage of

variability associated with the first four VARIMAX

rotated factors for environmental variables plus

Synedra laeviqata viable cell densities.

Dominant variables of each factor are underlined.
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FACTOR

TON

PO4P

NH3

T0c

pH

SILOX

TIC

N03

P04S

N02

LÏC4

QUANT

TEMP

DIST

TDS

.82

.72

1

.91

2

.07

.13

.32

.28

-.18

.48

.85

.08

.08

- .01

-.16

-.20

.01

-.92

-.62

3

-.07

-.09

-.25

.06

- .45

-.32

-. 15

-.43

.08

-.27

- .01

.92

.95

-.14

.23

4

.13

- .04

.12

-.12

.26

.17

.04

.49

.63

.24

.24

.08

.03

.02

.01

-.10

-.11

-.14

-.27

60

.69

.95

-.01

-. 13

-.04

.01

- .01

%Vari ance

Eigenval ue

TABLE 5.11

34.23 17 .rL 11.58 9.07

4.64 2.32 t.57 L.23

Eigenvalues, eigenvectors and the percentage of

vari abi'l i ty associ ated wi th the fi rst four VARII'4AX

rotated factors for environmental variables plus

Licmophora sp.4 viable cell densities.

Dominant variables of each factor are underlined.
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FACTOR

TON

PO4P

NH3

TOC

pH

SILOX

TIC

N03

N02

PO4S

GRAMOC

DIST

qUANT

TEMP

TDS

1

89

84

.71

.62

2

.13

.t7

.36

.33

-.13

.48

3

-.10

- .01

-.16

.00

-.49

4

.15

-.L2

.02

- .05

.28

.12

- .01

.36

.61

.22

.19

.08

.04

.02

-.02

-.08

-.08

-.L2

-.23

.07

-.02

.09

-.19

-.94

-.23

-.02

-.64

-.26

-;07

- .31

-.25

.06

.19

-.13

.93

.91

-.02

-.02

-.11

- .00

- .03

87

79

83

24

%Vari ance

Ei genval ue

TABLE 5.12

34. 33 16 .98 11 .66 9 . 33

4 .71 2.33 1 .60 I .28

Eigenvalues, eigenvectors and the percentage of

vari abi I i ty associ ated wi th the f i rst four VARII'4AX

rotated factors for enviionmental variables p'lus

Gramma hora oceanica viable cell densities.

Dominant variables of each factor are underlined.
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FACTOR

TON

PO4P

NH3

T0c

pH

SILOX

TIC

N03

N02

PO4S

SYNFULG

.7r

.62

.61

.22

.2L

.08

.03

.03

-.01

-.09

-.11

-.11

-.25

2

.10

.17

.35

.30

-.16

.50

3

-.07

- .08

-.23

.08

-.46

-.29

-.10

-.42

1

90

82

4

.13

- .04

.13

-.11

.25

.19

.09

.50

28 .92

.08

B5

.07

- .05

.04

-.2t

-.25

- .05

-.93

-.63

90

95

03 .06

-.14

-.04

-.04

-.05

QUANT

TEMP

DIST

TDS

%Vari ance

Ei genval ue

TABLT 5.13

20

-20

34.45 17.19 11.56 9.11

4 .6s 2.32 I . 56 t .23

Eigenva'lues, e'igenvectors and the percentage of

variabil ity associated with the first four VARIT''IAX

rotated factors for environmental variables plus

Synedra f ul gens vi ab]e cel I densi ti es .

Dominant variables of each factor are underlined.
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FACTOR

2

.72

.17

.36

.31

-.16

.49

.86

.10

- .01

.07

-.29

-.93

.7r

.61

.22

.20

.08

.04

.03

-.01

-.09

-.09

-.12

-.23

3

-.10

-.02

-.18

.01

- .48

4

.15

-.13

.02

- .03

.27

.13

.00

.31

.72

.05

- .04

-. 10

.01

- .04

1

89TON

PO4P

NH3

T0c

pH

SILOX

TIC

N03

N02

PO45

LIC3

DIST

QUANT

TEMP

TDS

84

62

-.2t

.00

- .63

- .30

-.t2

-.33

-.26

.05

-. 15

-.12

.94

.93

.25

B9

%Vari ance

Ei genval ue

TABLE 5.14

34.08 17 . 30 tr.77 9 .45

4.69 2.38 r.6? 1 .30

Eigenvalues, eigenvectors and the percentage of

variability associated with the first four VARII4AX

rotated factors for environmental variables plus

Licmophora sp.3 viable cel'l densities.

Dominant variables of each factor are underlined.
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FACTOR

1

.90

7T

.61

.24

.23

.08

.03

.02

.01

-.11

-.12

-. 13

-.26

2

.08

.15

.32

.27

.20

.47

.85

- .33

-.18

-.42

.94

-.11

.25

4

.14

- .03

.12

-. 13

.26

.16

.03

.49

.67

.96

- .04

-.13

- .05

.02

- .01

3

TON

PO4P

NH3

T0c

pH

SILOX

TIC

N03

PO4S

N02

STRIAT

QUANT

TEMP

DIST

TDS

%Vari ance

Ei genval ue

TABLE 5.15

07

OB

26

05

45

82

64

.08

.08

-.01

-.32

-.16

.04

-.92

- .63

.07

.26

.06

.93

34.39 17.38 11.83 9.10

4.65 2.35 1.60 L.23

E'igenvaìues, eigenvectors and the percentage of

vari abi I i ty associ ated wi th the f i rst four VARIIvIAX

rotated factors for environmental variables p'lus

Striatella unipunctata viable cell densities.

Dominant variables of each factor are underlined.
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short, 'intensively samp'led perìods which would be backed up by culture

studies to further del'ineate which correlations have a causative basis and

which are coincidental (see Ch. 7). Taking the long intervals between

samp'les i nto account, the cl usteri ng of envi ronmenta'l vari abl es i nto the

groupings indicated by factor anaìysiS, gives an insight into the basic struc-

tures of the estuarine environment which would otherwise have been d'ifficult

and time consumihg to achieve.

The results do indicate that variables other than just salinity and

temperature can and probably do account for much of the variation in the

assernblage structure of estuarine epiphytic diatoms. To what extent any one

variable or set of variables influences individual species or whole assem-

blages could onìy be ascertained by investigating the diatom flora of several

estuaries with varying freshwater inputs. It may well be observed that in

conditions which provide much greater river flovr than experienced during the

course of this study, the measured variables would differ in their contribut-

ions to the variation of epiphyte assemblage strucLure.
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5.4. Overview of environmental ìnfluence in the Onkaparinga estuary.

The epiphytic diatoms can be seen to beìong to three broad groupì.ngs,

the environmental requirements of which overlap to some extent. The fresh-

water group require a contînuous flow of freshwater into the estuary before

they can become established. That is, they require a relatively stable envi-

ronment. The species of the marine group aìso require a relatively stabìe

environment, but one of high salinity and form the species of GROUPS II-V

(fte. 60). The marine species will rare'ly be found alive in salinities below

25 p.p.t. Between these two groups is a small group of euryhaline species

which thrive in unstable conditions. Unlike the other two groups, the eury-

haline species can apparently grow welì at any salinity as long as the

nutrient concentrations are adequate for growth. These species have there-

fore evolved to survive in Rochford's (1951) zone of "conflict" between the

relative stability of the fresh- and seawaters. Thus the euryhaline spec'ies

Melosira sp.1, Synedra tabulata and Achnanthes brevipes var. intermedia

commonly dominate the winter assemblages, particularly in the upper reaches

where the environment is least stable.

There is a second zone of instability associated with the input

from the creek midway down the estuary, the effect of which is evjdent in most

sa'linity profiles (FIG.90). Here the higher salinities allow some of the

marine species, particularly Grammatophora oceanica and Synedra 1 aevi gata

to grow in the relatively high concentrations of inorganic nutrients which

are associated with the second zone.

In Chapter 4.2.1. it was suggested with resp ect to Cocconeis

scutellum that a population may have within it races which may have differing

environmental requirements. That this may also be so for at least one of the

euryhaline species, vis. Melosira sp.1, was suggested by the results of several

series of batch cultures containing similar concentrations of inorganic

nutrients but varying in salinity. These cultures lvere unsuccessful in that

they became a survival test r"ather than providing conditions for growth.

However, in each serjes Melosira sp.1 showed a bimodal distribution
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of cell densities. One mode was in the I0-I2 p.p.t. region (as were the

single modes of Synedra tabulata and Achnanthes brevipe! var. jntermedia) and

a second in the 30-33 p.p.t. reg'ion. For Melosira sp.1 at least, there may

be present in any assemblage a combjnation of two physiolog'icaì races, the

relat'ive proportions of which may depend upon the ambient salinjty of the

surrounding medium. It remains for some careful culture studies to elucidate

further what may be a very jnteresting aspect of estuarine d'iatom ecoìogy.

While the euryhaline species may l'ive in a low competition envjron-

ment due to the inherent variabjlity of that environment, they are not the

most product'ive of the assemblages. This can be seen from comparing figures

6I-72. The most producti ve epi phyte assembl ages are those formed by the

freshwater species when the river is flowjng contìnually wjthout actualìy

fl oodi ng the estuary. Duri ng such perì ods, Synedra pul chel I a var. I acerata,

various species of Gomphonema (particuìar1y G. constrictum var. capitatum)

and Melosira varians, form very dense epiphyte assemblages.

After the winter bloom conditions cease,there ìs frequentìy a brjef

period when the epiphyte ce'l'l dens'ities fall away, almost to zero. This was

part'icularly noticeable durjng November in 1974 and I975. The apparent cause

is the sìow upstream migratìon of the marine specìes after the retreat of the

freshwater and euryhalìne species at the cessation of w'inter and earìy spring

rains. During and just after such periods, the specìes'composition of

periphyton samp'les can vary greatly and appears to be jndicative of the role

of chance jn the distribution of species and not necessarìly that of the

ambient environment. The net seaward flow of the estuarìne waters, together

with the slow upstream movement on the'incom'ing tide, are likely to be import-

ant factors in the djstribution of epìphyte species, particuìarìy the marine

specì es .

Qne of the sources of variance 'in analysing species' distributions

versus env'ironmental parameters may be a matter of geographic isolatjon.

Though a particular specìes may be capable of growing well in the prevaììing
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environment at some upstream station, the upstream drift is not fast enough

to get the species to that sjte and for it to colonjse and grow, before the

environment changes again. By contrast, the downstream movement of species

1s very fast. ¡¡jthin a week of Synedra pulchella var. lacerata becoming

established at the 2 km station in 1974, ìt was also well establ'ished at the

10 km station.

There are various aspects of the estuarjne environment which are

therefore djffjcult to quant'ify or otherwise take into account. Those that.

have been investigated here are only ìndicative of long term trends wjthout

the useful background knowledge of what the short term variations may be.

Even so, this study has helped to establish the basic techniques by wh'ich

long or short term trends can be analysed, even jn a highly variable system

such as an estuary.
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6. COMPARISON OF EPIPHYTE RESEARCH TECHNIQUES.

The emphasis of this study has been on describ'ing epiphytjc djatom

assemb'lages jn terms of viable cell densjties. These gìve a record of which

species were livìng'in the assemblage at the time of sampììng, their relative

numerical 'importance w'ith respect to other species 'in the assemb'lage and,

perhaps most'importantìy, they enable a direct comparjson with other samples.

A major drawback to the w'idespread use of th'is technjque is the probìem of

taxonomic identification of spec'ies using whole cells. This is particuìarly

so with many species of Navicula and related genera. The epìphytic spec'ies

too, sometimes requìre very careful observation before an identifjcat'ion can

be made.

The study of lìving or preserved cells was considered worth perse-

ve¡ing with to provide realistic data on specìes'responses to the'ir env'iron-

ment and, secondariìy, to enable a comparison between this techn'ique and the

commonìy used techniques based on cleared cells.

The majority of djatom 'investìgatìons have relied upon cìeared cell

counts as the basis for anaìysìs (e.g. Amspoker 1975; Bacon & Taylor 1976;

Castenholz 1960; Main & Mclntire I974; Mclntire 1968 ; Patrick 1971; Sullivan

1977; Wulff & McIntirelgT2). Alternatjve approaches have emphasised aspects

of the whole assemblage, such as chlorophy'l cr (e.g. Admjraal 1977a,c; l,Jelch

et al. 1972), or have studjed liv'ing or preserved cells but expressed the

results 'in terms of species' preport'ions in the assemblage (e.9. Cattaneo et

al. 19i5) or some subiective order of abundance (e.g.Aleem 1950, 1958;

Mclntire & l,rlulff 1969). Very few investjgations have estimated cell densjties

as an estimate of bjomass (e.g. Brettum I974; Karentz & Mclntire 1977; Patrick

1968; Potter et al. 1975; Reisen & Spencer 1970; Reyez-Vasquez 1970).

hlith regard to community parameters such as chlorophyì cr, dry weight'

etc., the anaiyses of total viable cel I densit'ies (T0TCELL), totaì ep'iphyte

cell densjties (fOfnff) and the comments pertaìning to them (Ch. 5.3.) are of

relevance here. These varjables, wh'ich are contributed to by many species,
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and different groups of species at different times and pìaces, are too complex

for community level estimates of biomass to be very meaningful. Such est'i-

mates are probably more useful jn the situations for which they were developed

(e.g. lakes, reservoirs or open ocean) where the community may contain few

abundant species ánd the biomass estimate approaches that of the dominant

species.

In a situation such as an estuary it is therefore necessary to use

some species level estimate of abundance. As mentioned above, this has com-

monly been orientated towards the individual sample with the proportion of a

species being estimated relative to the other species in the sample. Such an

approach is virtually unavoidable when using cìeared cells, but is certainly

avoidable when using living or preserved material. The spec'ies proport'ion

method has one serious drawback in providing no reliable comparison between

samples of differing cell densities. For example, TABLE 6.1 illustrates the

potenti.aì problem in intersample comparisons using species proportíons.

Species A Spec'ies B

Sample 1

Density (cel ls/cm2) 15oo 45oo

Proporti on .25 .75

Sampìe 2

Density (cells/cm2) 1500 5oo

Proporti on .75 .25

Sample 3

Density (cells/cm2) 250 750

Proporti on .25 .75

TABLE 6.1 Hypothetical variatíons of two species in three

di fferent sampl es .

0n a proportionaì basis, specìes B would be assumed to have grown

better in the environment pertaining to sample 1 than it did with respect to

sample 2, and correctly so. However, species A would be assumed to have
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grown better in the sample 2 env'ironment than in the sampie 1 environment and

that is unlikeìy to be correct. Simiìarly sanples 1 and 3 would be character-

ised as identical and yet neither species actually grew as well in the envir-

onment of sampìe 3 as that of samp'le 1.

A furthån dimension is added by the use of cleared cells, that of

species being present which were not liv'ing in the assemblage at the t'ime of

sampling. These spec'ies may have lived in the assemblage earlier on may have

been caught by the assemblage as the cells swept past in the p'lankton. This

is particularly obvious when freshwater species occur in downstream cleared

cell samples and had not been observed as having been al'ive at the time of

sampìing. Nor is the cleared cell count necessari'ly indicative of the history

of the assemblage as some species are more likely to lose their dead cells

from the assemblage than others. For example, Melosira sp.1 forms such

robust colonies that the first twenty or more cells nearest the substrate may

be long dead and decomposed but the intercellular pads and the cell walls

still maintajn the attachment. Alternatively, many of the moti'le species

have a far more tenuous hold on the assemblage and are more likely to be lost

when they dÍe. These varjous effects would be expected to become more

significant with assemblage age, particular'ly if a changeable envjronment js

encouraging various groups of specjes at d'ifferent times.

To further investigate the effects of studyíng assemblages usÍng

species' proportions, and the differences between cleared cell and viable

cell counts, the samples used for the viable cell counts were cleared in

concentrated nitric acid for 12 hours at 60oC (Crawford 1971). After dilution

in distilled water, the samples were eventually transferred to pure ethanol

to avoid the fungal contamination which had destroyed several earlier

samples. Cleared cells were eventualìy dried onto cover gìasses and mounted

in CAEDEX resin (MERCK), a form of Canada balsam. A slide was made represent-

ing each sampìe, scanned in the ì'ight m'icroscope to note all spec'ies, and

finalìy,500-700 epiphyte cells u/ere counted accord'ing to species in a transect

or several transects across the centre of the cover giass.
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Apart from nine species wh'ich had not been counted in the preserved

material and were not sufficìent'ly commQn in the cleared material to be sìgn-

ificant, the cleared cell proportìons were much the same as the viable cell

proport'ions. The only noticeable trend was that the species wh'ich dominated

the viable cell counts for any sample tended to become even more prominant in

the cleared cell counts.

The correlation coefficients with environmental variables (FIGS 86,

9I & 92) do show some very important differences between analysis on the basis

of cell densities (FIG.86) and proportions (FIGS 97,92), and between viable

cell proportions (FIG. 91) and cleared cell pnoportions (FIG.. 92). For

example, Synedra tabulata is shown to be inverse'ly correlated with salinity

(-.46) and very positively correlated with the organic and inorgan'ic variables

(e.g. TON:.49; NH3:.44; N02:.43) when analysed using celì densities. When

ana'lysed as a proportion of the assemblage, whether cleared or viabìe ce'lìs,

these correlations drop to insignificance.

The interpretation of species' associations is made more difficult

by us'ing proportionate representatjon instead of cell densities. This was

indicated by comparison of samples I & ? of TABLE 6.1 above. Species that

co-occur should be more positive'ly correlated than species that do not co-

occur. 0n the basis of proportional representation, if a species reaches a

high dens'ity re'lative to the other species in a sample, regardless of whether

all densities are low or high, that species automatically achieves the dom-

inant proportion and the others are given minor shares. If in another

assemblage a second species grows well then the positions may be reversed.

These two species then show up as being negatively correlated on the basis of

species proportions. Such a situation can be observed by referring to the

positive correlation constellations (fte. 93) and species association matrices

(FIGS 94-96) for the epiphyte species. Common'[y co-occurring species such as

Achnanthes brevipes var. intermedia and Melosira sp.L positively correlate

with respect to viable cell densities (.35; FIG.94) but negatively correlate

with respect to viable cell proportions (-.11; FIG.95) and cleared cell pro-
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portions (-.06; FIG.96). Alternative'ly, species whose distributions partially

overlap, such as Grammatophora oceanica and Striatellâ unipunctata, have

stronger positive comelations from proportionaì representation than cell

densi ties.

It is, thenefore, difficult to perceive that reliable, consistent

information can be derived from the use of species proportions as a basis for

data analysis. This is particular'ly true of cleared cell proportions for the

reasons already stated above. However, a whole range of information statistics

has been made use of in studies based on cleared cell data. Given the poten-

tial for misinformation present in cleared cell counts, the value of results

obtained from such statist'ics, even a simp'le index such as "S", the number of

species,. is open to doubt.

In conclusion, the evidence presented here indicates that, wherever

possibìe, some quantitative measure of viabìe cell abundance should be esti-

mated in preference to species proportions based on cleared cells as an index

of assembìage dynamics.
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7. SUGGESTIONS FOR FURTHER INVESTIGATION

One of the maior problems to be encountered in a research project

such as thjs, perhaps more so in an estuary than anywhere else,'is to obtain

representative environmental data. The data used in this thesis was consìdered

representatjve of seasonal variations in the environmental variables and it
did correlate with the seasonal changes of species' data.

Early in the proiect it was recognised that a detailed knowledge of

the estuarine hydrology was necessary before the variability of the seasonal

data could be understood. Towards this goal, tidal predictions, records from

a tidal recorder owned by the Engineering and lrJater Supp'ly Department of S.A.

(dismantled in late i975 by the Department), and observations of variation in

saìinity, temperature and light over various tidal cycles at various points

in the estuary were collected and analysed. The intention was to obtain

sufficient background informatÍon to encourage a hydrologist to derive a model

of the estuarine hydrology, or to modify one of the computer models of

Harleman & Lee (tg6g) with a view to adding correlated variables at a later

stage. Such a model would have allowed the short term variability to be taken

into account. This was not successful and the only reward was a good generaì

appreciation of some of the gross factors evident in the hydro'logy of the

0nkaparinga estuary. t^lith a system as complex as an estuary, a computer based

mathematical model of jts hydro'logy would still seem to be a necessary adjunct

to any intensive study of estuarine eco'logy.

The complete diatom flora of the estuary needs to be studied usÍng

similar methods to those app'lied here but at more sampìing stations. The

inter-relationships between the planktonic, peripe'lic and periphytic assem-

blages are yet to be determined for an estuary but are potentially interesting

from the point of view of assemblage dynamics if results are achieved similar

to those of Clark & Runnels (1975) in freshwater ponds. The nearest ìnvesti-

gation comprised the studies pubìished on the diatom assemblages of the

Yaquina estuary ìn Oregon. The periphyton (Main & Mclntire 1974), peripelon
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(Amspoker 1975) and p'lankton (Karentz & McIntìre 1977) have each been inves-

tigated, the studies of Amspoker and Karentz being contemporaneous (0r C.0.

Mclntire, pers. comm.). The one drawback to these studjes is the reliance on

cleared cells as g basis for analysis (see Ch.6.), although Karentz & llclntire

(1977) aìso estimated pìankton concentrations.

Once an overall study has been achieved, the next step would be to

study intensively several selected sites during periods of importance, e.g.

the effects of the mid-estuary creek upon the diatom assemblages or the effects

of runoff from heavy rainfall. In this way, indivídual aspects of the system

can be better understood and eventually contribute to a model of the estuary

which could assist in its management. In addition, biologica'l interactions

such as herbivory could be investigated. For example, the diatoms are known

to form an important part of the diet of some of the peìagic fish (see Ch.1.1.).

Gut contents of various fish indicated that the peripelon (or the assembìages.

on old.Zostera blades), was the major source of food for the fish as the pre-

dominant species eaten by the fish were the motjle diatoms and there were few

epiphytes present.

Finally, the estuary is an extremeìy valuable starting point for

taxonomic or floristic studies of the diatoms of any region. Apart from the

euryhaline species, twelve months of sampling wì1'l also bring the taxonomist

in contact with the major freshwater and marine species, and, as this study

has, will provide a very solid basis for any regional flora. In addition, the

wide range of ecological conditions will usually a'llow several species of any

genus to be collected and their different environmental requirements estimated.
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APPENDIX A: A new equatìon for estimatjng oxygen saturatjon in saline waters.

The requ'irement for accurate estimates of oxygen saturation jn

natural waters, saline or not, is derjved from the two approaches to oxygen

measurement. Most oxygen probes prov'ide a measure of percent saturation

which needs to be converted to a concentration for comparison wjth other sam-

pìes. Alternatively, direct measurement of oxygen concentration needs to be

referred to the theoretical concentratìon at saturation to determine to what

extent the sampìe varies from the same water free from phys'ical, chemical or

b'iologicaì disturbance.

The variation of oxygen concentration in saturated waters of various

salinities and temperatures has been determined by varìous methods and these

have been reviewed by Green & Carritt (1967). The resu'lts are usualìy pub-

lished as a table of concentrations,wìth or wjthout a formula from which they

were derived. In the last of a series of papers on the determ'inatìon of

oxygen solubìl'ity (Carpenter 1965; Carritt & Carpenter 1966;

Carpenter 1966), Green & Carritt (1967) published tables of saturated oxygen

concentrations for waters ranging in temperature from 0-350C in 1oC intervals

and 0-30 p.p.t. chlorinity in 2 p.p.t. jntervals. Anyone w'ish'ing to deter-

mine values between those given jn the tables were left to use two cumbersome

equatìons, one givìng a Bunsen coefficient (cr) and the other, the vapour

pressure (Pvap ) which were then combined to calculate the saturated soìubilìty

of oxygen (S) as a function of temperature and chlorinity.

The equations were expressed as follows:

cr.103= exp{(-7.424 -ry -2-gz7.ln T +0.04238 T) -

-Cl.(-0.1288 -ÞI# -0.04442.1n T +7.r4s.10-4 T)Ì

Puup ={(1 -9.701 .10-+Cl)}.exp{18.1973{r -371'16) *

+3.1813 .10-i (t -exp126.l205(r 73.16
T ll

-r.B726 .10-'(1 -exp[e.ogg+s(1 -379'16)] ) *

+5 .02802 .l n tlZT-l9) Ì
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S = 0.2094(10-3cy.) .(1 -Pvap)

where T is the absolute temperature, C'l is the chlorinity ìn parts

per thousand (Cl = (salinity - 0.03)/1.805) and OuuO ts in atmospheres.

Not onìy are these equations cumbersome but, as printed, do not give

the values in the table derived from them.

A new equation was required which would duplicate the results with-

out being too extravagant with comput'ing time. This was derived by formulating

the equation for the surface represented by the data with respect to tempera-

ture (oC) and chlorinity. The equations were derived with the aid of

POLYANNA, a curve-fitting program which is part of the soft ware of the

Adelaide Unversity Cyber 173 computer and was desÍgned by Mr. C. Marlin of the

Computing Science Department.

The equation derived is as follows:

Oxygen concentration (Fg-at/l ) = .c-s

where C = (6.8233 -2.728xI0-'T .2.9369x10-uTt *1.6768x10-uTt -2.7275x!0-sTa

+2.3549x10-tTt -1. 1094x10-tT' +2.6913t10-eT7-2.6313x10-tt Tt)

s = (0 .}tz}o7 -r.64lzxro-'T +2.6854x10-tT')*cl

The equation was tested over the entire range of values covered by

the table (Table II of Green & Carritt L967) from which it was derived. The

results duplicated the table exact'ly when the numbers were rounded off. Thjs

equation is therefore put forward as an alternative which, though not derived

from thermodynamic theoretical considerations, is relative'ly uncomplicated

and very easy to program for using any programrnable calculator.
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40

41

41

40

4I

41

41

22

22

26

26

51

51

52

52

67

61

26

26

52

52

27

27

53

53

53

Achnanthes

brevi pes var. rìntermedi a

species 1

species 2

species 3

Amphi prora

al ata

species 1

Amphora

coffeaeformi s

hyal i na

proteus

species 1

species 2

species 4

species 5

species 7

Bacillaria

paradoxa

Berkl eya

ruti I ans

Cal onei s

excentri ca

Campyl odi scus

daemel i anus

i ncertus

ral fsi i

35

35

36

37

3B

42

44

43

44

47

49

50

44

46

47

48

49

65

65

50

50

51

51

66

66

66

66

Cocconei s

pedi cu1 us

pel'l uci da

pl acentul a var. eug'lYPta

scutel I um

scutellum var. stauroneiformis

species 4

Cycl oteì 1 a

species 2

Dimerogramma

mi nor

Di pl oneÍ s

abnormi s

oval i s

smithii var. rhombica

Epi themi a

zebra var. saxonica

Fragilaria

pi nnata

Gomphonema

constrictum var. caPitatum

Grammatophora

oceani ca

Gyrosi gma

..4
exl ml um

wansbecki i
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Li cmophora

fl abel I ata

species 3

species 4

Mas togl oi a

bal dj i kiana

peraga'l1i i

pumi 1 a

species 4

I'lel os i ra

species 1

vari ans

Navi cul a

avenacea

di gi toradi ata

dì gi tu1 us

dissipata

lyra

mari na

opunti oi des

ostreani a

pseudi ncerta

ramosi ssima

species 26

species 31

yarrensi s

Ni tzschi a

acumi nata

' apiculata

27

28

28

30

53

54

56

54

55

23

24

25

56

5B

59

58

57

59

57

61

61

60

58

59

60

58

67

72

72

Nitzschia - cont.

clausii

constri cta

di stans

fonti col a

fusoi des

1 eibethrutj j

obtusa

obtusa var. scaìpeìliformis

punctata

sigma

sigma var. rigída

species 12

species 34

vidovichi i

0pephora

martyi

Pi nnul ari a

boreal i s

P1 agiogramna

staurophorum

Pl ag i otropi s

'lepi doptera

Pl euros i gma

ri gidum

species 2

species 5

Rhaphonei s

surirella var. australis

7T

69

74

70

70

70

73

70

69

72

72

70

73

69

31

32

62

62

32

32

62

62

62

64

63

64

32

32
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Rhoicosphenia

curvata

Rhopal odi a

gibberula var. producta

muscul us

Stri atel I a

uni punctata

Suri rel I a

oval i s

ovata

species 2

Synedra

ful gens

I aevigata

pulchèlla var. lacerata

tabul ata

Trachynei s

aspera

42

42

74

74

74

33

33

75

76

76

75

33

34

34

34

34

65

65
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APPENDIX C

Tables of enyironmental data supp'l'ied by the E.&l^l.S.



Da te

T. D. S.

(mg/1 )

37000

37000

33000

32000

19000

17000

19000

20000

18000

19000

9600

19000

310 00

3s000

35000

34000

Environmenta'l data from surface water samples taken at the 2kn station

pH NH
3 3

N0^
¿

TKN TON POOso1 POOtot P04 part TOC TC TIC

(mgll ) (ms/l ) (ms/l ) (mg/l ) (ms/l ) (mg/l ) (mg/ì ) (ng/ì ) (msl1) (ms/j ) (mg/l )

NO sì02

(ms/l )

180376

08û476

290476

200576

1 00676

010776

220776

120876

020976

230976

14 i 076

041 176

25rr76

161276

06cr77

27 0177

160277

7.9

8.3

8.0

7.9

8.0

8.5

8.5

8.3

9.1

8.3

7.9

8.2

7.9

7.7

8.0

8.1

8.2

.09

.03

.09

.11

.43

.06

.28

.08

.67

.08

.07

.08

. i1

.16

.t2

.12

.07

2.96

2.27

1.19

r.73

.53

1 .09

5 .45

1 .48

46.90

1 .98

2.24

1 .49

.76

.67

.91

1 .03

r.6?

2.84

2.22

1 .10

I.62

0

7.02

5.17

1 .36

46.20

1 .90

2.t6

1.41

.64

.49

.78

.90

I .54

.2!4

.725

.lr7

.702

.046

.082

1 .050

.134

1 .900

.150

.096

.256

.100

. i60

.122

.2r0

.360

52

58

80

62

64

61

63

70

108

54

61

47

44

54

60

45

50

49

50

55

57

60

52

54

4-q

56

45

45

39

40

45

46

37

40

.03

.02

<.01

.01

.10

.01

(.01

.02

.03

<.01

.01

<.01

.01

.01

.01

.01

<.01

<.01

<.01

(.01

.01

<.01

(.01

.02

<.01

(.01

<.01

<.01

<.01

.01

(.01

(.01

(.01

.090

.086

.058

.090

.036

.004

.014

.089

.052

.020

.090

.0s3

.031

.036

.038

. 150

.297

.124

.039

.059

.0L2

.010

.078

1 .036

.045

1.848

.130

.006

.203

.069

.724

.084

.060

.063

3

I
25

5

4

q

9

26

52

9

16

2

4

9

14

8

10

2

I

4

4

3

3

5

2

5

3

5

4

(l

5

1

I

5

5

31000 r



Environmental data fronl surface water samples taken at the 6km station

T.D.S pH NH NOz I TKN

(mg/l ) , (mg/l

P0, part TOC*i
(msll)l(mg/l)

-_T

3
r,t0 

3

(ms/l )

TON

(mg/l )

1.0

0

1.44

9 .96

11.59

2.60

7.28

.68

7.22

.15

?o

.64

POOsol

(mg/l )

.165

.280

.104

.091

.187

.118

.047

.260

.022

.027

.095

.083

. 081

.092

. 119

.190

.149

POO tot

(mgll )

TC

(mg/l )

TIC

37

46

41

47

49

37

52

36

33

3B

40

40

40

41

44

32

38

si02

(mgll )

3

2

4

6

5

3

5

5

2

3

3

4

1

4

I

1

4

I
I

i

i

i

i

Date (mg ( mg/1)mg )_

180376 i

080476 i

290476

20057 6

100676
I

010776

?2077 6

t2087 6

02097 6

041176

25rL7 6

16127 6

060177

27 0r7 7

r60277

39

38000 r

i

38000

36000

29000

3 i000

30000

30000

28000

22000

22000

36000

36000

32000

30000;

2 2

254 t

.114

OB 9

.160 ,

8.1

8.3

8.3

8.1

8.3

8.6

8.6

oÃ

8.4

8.4

8.3

8.1

8.0

8.0

8.0

8.3

8.3

.16

.30

.15

.13

.13

.19

.47

.15

.06

.31

.09

.09

.09

.10

.08

.13

.17

.02

.33

(.01

.01

.54

.27

.42

.29

.04

.19

(. 01

.02

.02

.01

.01

.02

(.01

.480 |

.083

.029

.224

.039

.033

.089

1.543

.220

.061

.00?

50

4B

56

53

55

41

58

39

35

46

59

41

41

47

56

40

55

191 i3

2

15

6

6

+

6

3

2

8

19

1

1

6

T2

8

t7

.09

<.01

¿.01

.12

.04

.05

.22

.03

.04

(.01

<.01

(.01

(.0i

(.01

(.01

(.01

09

99

24

.72

1.13

B21

1

2

207

901.5

30

20

1.BB

10.90

12.25

32000 2.73

23097 6

14107 6

r.82

.77

1 .33

.26

.50

.73

.82

2.61

.r29

.744

020

.11034000

106

029

OB

2 06050.67

I

N)
2 44 735 586



Env'ironmental data from surface water s amo ken at the 8km stationles ta

Date

T. D. S.

(mg/l )

Nog

(mgll )

.01

.04

.01

.01

.36

.35

.01

.04

.01

.06

.01

.01

.01

.01

.01

.01

.01

TON

(ms/l )

POOso'l

(mg/1 )

.044

.120

.052

.056

.113

.17 4

.025

.410

.018

.150

.032

.065

.017

.037

.033

.130

.220

TC

(ms/l )

32

40

45

4B

51

43

30

40

29

44

39

37

33

42

45

39

4t

ïIC

(ms/l )

32

37

31

42

4B

37

28

37

28

33

30

36

31

36

34

34

33

s'i02

(mgll )

NO

mg

pH NH¡

(mg/l )

TKN

(mg/ì )

T0c

(mgll )

2

/1

P0Otot P0, Pa+

(mg/l ) (mg/l )

064

.r29

1 .18

.53

76

76

1803

0804

50

56

l6

1 .33

76

776

.250

1076

02

I4

38

04

3

4

2

290476

576

120876

23097 6

041176

25117 6

16127 6

177060

270r77

40000

39000

39000

37000

30000

32000

39000

33000

38000

32000

34000

28000

8.1

8.3

8.3

8.3

8.4

8.5

8.3

8.5

8.2

8.4

8.3

8.1

8.1

8.0

8.1

8.2

o2o.J

.10

.10

.11

.12

.13

.25

.06

.12

.04

.17

.02

.09

.06

.06

.04

.08

.08

;01

.01

.01

.07

.06

.01

.27

.01

1 .07

.58

7.22

1 .15

.020

.009

.045

.032

.023

.033

.072

.070

.092

.100

.042

.054

.0i3

.053

.029

.080

.030

1

3

14

6

3

6

2

3

1

11

9

I
2

6

11

5

B

1 .33

r.27

097

088

136

207

037

480

Þ(,

210

0

.07 4

119

03

09

06

0

0

?

7

1

2

2

2

2

5

?

3

2

2

1

2

1

2

1

3

1

I

2

01077 6

697

200

0061

202

0

0

125

80

.40

29

4B

0I

.43

.46

31

12

.02

000

000

00

000

39

39

390

34

1

1

1

5

B

5

5

7

2

B

7

I

2

1

1

1 .110

3 5000

.01

.01

.01

.01

.01

.01

.01 1.31

1

I160277 22 25



Environmental data from surface water samn les taken at the 10km station

T0c

(ms/l )Date mg

T.D.S pH Nog

(ms/l )

TKN

(mg/l )

POOsol

(mg/l )

.020

.090

.033

.022

.057

.079

.007

.200

.009

.084

.015

.046

.005

.009

.002

.033

.011

POOtot

(mglì )

.084

.r82

.095

.085

.058

.150

.027

.226

. 013

.140

.054

.087

.027

.059

.014

.880

.063

POO Ra

(mg/l )

TC

(mg/l )

37

37

40

39

40

39

30

37

29

39

35

35

30

39

38

37

30

ïIC

(mg/l )

25

34

28

36

36

31

27

34

28

31

25

34

29

32

28

32

29

si02

(mgll )

NH¡

(mg/l )

Noz

(mg/'l )

TON

(mg/l )

1803

0804

29047 6

25rr7 6

161276

060177

27 017 7

l-ÞÞ160277

76

76

40000

39000

39000

38000

36000

34000

39000

35000

38000

35000

.01

.01

.01

.02

.01

.01

.01

.01

.01

.01

.01

8.2

8.4

8.2

8.3

8.2

8.6

B.i

8.6

8.2

8.3

8.3

8.2

8.1

8.1

8.2

8.1

8.0

.04

.09

.12

.72

.07

.07

.06

.72

.01

.01

.01

.01

.01

.0i

.01

.03

.03

.01

.02

.01

.01

.01

.01

.01

.01

.01

.01

.01

2.73

2.73

I .07

1 .07

.46

1.52

I .80

3.20

1 .56

.48

.16

I .30

ta

.40

.55

I .40

1 .31

2.68

2.63

.95

.95

.19

7.29

1.74

3.06

1 .53

.38

.14

t.27

.19

.33

.52

I .33

1.27

.064

.092

.06?

.063

.001

.07L

.020

.026

.004

.056

.039

.041

.022

.050

. 013

.877

.052

T2

3

l2

3

4

8

3

3

1

I
t0

1

I
7

10

5

I

1

2

3

2

3

2

I

2

I
I
1

1

I

4

I

I

I

.17

.16

.03

576

76

0t077 6

077 6

76

76

6

141076

IT7 6

97

208

09

0

200

0061

22

I

02

23

04

38000

32000

39000

39000

40000

37000

40000

.08

.02

.03

.04

.07

.02

.06

.04



145

B I BL IOGRAPHY*

Abdin, G. (1950). Benthìc algal flora of Aswan reservoìr (Egypt).

Hydrobi ol oq i a ?, 118-133

Adm'iraal , l^1. (f gZZa). Influence of Light and Temperature on the Growth Rate

of Estuarine Benthic Diatoms in Culture. Mar. Biol. (N.Y.) 39(1),1-9.

Admiraal, W. (1977b). Salinity Tolerance of Benthic Estuarine Diatoms as

Tested with a Rapìd Polarograph'ic Measunement of Photosynthesis.

Mar.. B'iol . (N.Y. ) 99(1), ll-t8.
Admiraal, lnl. (tgllc). Influence of Various Concentrations of 0rthophosphate

on the Division Rate of an Estuarine Benthic Diatom, Navìcula arenaria in

Cul ture. Mar. Biol . (N. Y. ) . !?, 7-8.

Agardh, C. A. (1824). 'systema Aìgarum'. (Adumbrav'it C. A. Agardh, Lundae

Literis Berl ingianis). xxxvji, 312p.

Agardh, C. A. (1827). Aufzählung einigerin den ostereìch'ischen Landern

gerfundenen neuen Gattungen und Arten von Algen nebst ihrer Dìagnostik und

beigefügten Bemerkungen.

In 'Flora oder Botanische Ze'itung'zehnter Jahrgang, p. 625-646.

(Regensburg ) .

Agardh, C. A. (faSO-f832). 'Conspectus Criticus D'iatomaceae. ' (Lundae).

Part l, p.1-16 (lggO), Part 2, p. 17-38 (1830), Part 3, p. 39-48 (1831),

Part 4, p. 49-66 (1832).

Aleem, A. A. (1950). Distribution and Ecology of British Marine Ljttoral

Diatoms. J. Ecol. 38, 75-106.

Aleem, A. A. (1958). Successìon of marine fouling organisms on test paneìs

immersed in deep-water at La Jolla, California. Hydrobiologia 11,40-58.

Allanson, B. R. (1973). The fjne structure of the periphyton of Chara sp,

and Potamogeton natans from Wytham Pond,Oxford and its sign'ifìcance to

the macrophyte-periphyton metabolic model of R. G. Wetzel and H. L. Allen.

Freshwater Biol . 3, 535-542.

*In the styìe of Australjan Journal of Botany.



Al I en, H. L . (19i1 )

746

Primary Productivity, chemo-organotrophy, and nutritional

interactions of epiphytic algae and bacterja on macrophytes'in the littoral

of a lake. Ecol. Monogr. 11, 97-727.

Allen, T. F. (1967). Stat'istical ecoìogy of rock surfaces - the ordjnation

approach. Br. Phycol. Bull. 3(2) , 409.

Allen, T, F. (19i1). Multivariate approaches to the ecology of algae on

terrestrial rock surfaces in North hlales. J. Ecol. t9, 803-826.

Amspoker, M. C. (1975). Distribution of intertidal sed'iment assocjated

diatoms ìn Yaqu'ina estuary, Oregon, U.S.A. J. Phycol . 1l(Suppl .), 6.

Anonymous (f gZS). Proposal s for a Standard'izat'ion of Diatom Terminology and

D i agnoses .

In Simonsen, R. (ed.). Proceedings, Third Symposium on Recent and Foss'il

Marine Diatoms, Kjel, September 9-13, 7974. Beih. Nov. Hedw. 53, 323-354.

Bacon, G. B. & A. R. A. Tayìor (1976). Succession and Stratification in

Benth'ic Diatom Communities Colonjzing Pìastic Collectors in a Prince Edward

lsland Estuary. Bot. Mar, l9(a),237-240.
Bates, S. S. (fSZ61. Effects of light and Ammonium on Nitrate uptake by two

specìes of estuarìne phytoplankton. Limnol. 0ceanogr. ?!(2), 272-278.

Behning, A. (1928). Das Leben der Wolga. Zug'ìeich ejne Einführung jn dje

Fl uss-Bio'logie.

In Thienemann, A Die Binnenqewasser Y , 1-162. (Cramer; Stuttgart ) .

Bory de Saint Vincent, J. B. M. (1827). 'Encycìopédie Méthodique Historie

Naturelle Des Zoophytes ou Animaux Rayonnés'. (Agasse, Parìs). ?, 562-563

Boyer, C. S. (1927). Synopsis of North American Diatomaceae. Part II.

Navi cul atae, Suri rel I atae

583.

Proc. Acad. Nat. Sci. Ph'ila Z9(Suppl .#2), 229-

Brebisson, A. de & Godev (fg¡S). Alg ues des environs de Falaise. Memoires

Soc. Acad. Sci . Arts Bel I esl ettres Fal aise 1835, i.-63, 256-269, 8pl

Brettum, P. (1974). The relation between the new colonisation and drift of

periphytìc diatoms 'in a small stream in 0nslo, Norway. Norw. J. Bot. ?!,

277 -284.



747

Brown, S. D. & A. P. Austin (1973). Diatom succession and interaction in

littoral periphyton and Pìankton Hydrobioloqia 43 ( 3-4 ) , 333- 356 .

Carlucci, A.F. & P. M. Bowes (1972). Vitamin 812, thiamine, and bjotin

contents of marìne phytoplankton. J. Phycol. 8, 133-137.

Carpenter, E. J. (tgZO). Phosphorus requirements of two planktonìc diatoms

i n steady state cul ture . J . Ph.vcol . 0, 28-30.

Carpenter, J. H. (1965). The accuracy of the t^l'inkler method for d'issolved

oxygen anaìysis. Linnol. 0ceanogr. lq, 135-140.

Carpenter, J. H. (1966). New measurements of oxygen solub'ility in pure and

natural water. Limnol. 0ceanogr. 11, ?64-277.

Carritt, D.E.& J. H. Carpenter (f966). Comparison and evaluation of

currently employed modifications of the Winkler method for determìn'ing

dissolved oxygen in seawater; A NASCO report. J. Mar. Res.?1,286-318.

Carter, N. (1932). A comparative study of the algal flora of two salt

marshes. J. Ecol . ?9, 341-370.

Carter, N. (1933). A comparative study of the algal flora of two salt

marshes. J. Ecol . ?L, 128-208, 385-403.

Castenhol Z, R. I^1. (1960) . Seasona'l changes i n the attached aì gae of f resh-

water and saline lakes in the lower Grand Coulee, Washjngton.

L'imnol . Oceanoqr. 5, l-28.

CastenholZ, R. hJ. (1963). An experimental study of the vertical d'istributjon

of l'ittoral marine diatoms. Limnol . 0ceanoqr. g, 450-463.

CastenholZ, R. [lJ. (196i). Seasonal ecology of non-pìankton'ic marine djatoms

on the western coast of Norway. Sarsia ?2, 237--256.

Castracane, Conte A. F. degli A. (1886). 'Report on the Scjentific Results

of the Voyage of H. M. S. Challenger during the years LB73-76. Botany.'

(H. M. Stationary Office; Lond. ) . l, 778 pp. , 30 Pl ates.

Cattaneo,4., S. Ghittori & V. Vendegna (1975). The development of benthonic

phytocoenosis on artificial substrates in the Ticino River.

0ecoloqia (Berl . ) 1g(4), 315-328.



Clark, hl. J. & hl. C. Runnels (1975).

to epiphytic or ep'ipel ìc populations.

2722-2728.

Cleve, P. T. (t8gt). Diatoms of Finland

148

Djatoms'in pond plankton: relationships

Verh. Internat. Verei n. L'imnol . 19,

Acta Soc. Fauna Flora Fenn. B(2), 1-68, 3 Plates.

Cleve, P. T. (1892). Sur quelques nouvelles formes du g enre Mastoqloia.

Le Diatomjste 1, 159-163, Pl. 23.

Cleve, P. T. (1894). Synopsìs of the naviculoid diatoms. I.

K. Sven k. Vetenskakad. Handl . 26(2), 7-194, Pl. 1-5.

Cleve, P. T. (1895). Synopsis of the naviculoid diatoms. II

K. Svensk. Vetenskakad. Handl. ?7ß), 7-219, Pl . 1-4.

Cleve, P. T. & A. Grunow (18i9). Beìträge zur Kenntnjss der arct'ischen

Diatomeen. K. Svensk. Vetenskakad. Handl !l(2), 7-727, Pl. 77 .

Cleve-Euler, A. (1952). Die D'iatomeen von Schweden und Finland. Te'il V,

Schluss. K. Svensk. Vetenskakad. Handl. 4 sef. 3(3), 1-153, Fìgs 1318-1583.

Cleve-Euler, A. (1953). Dje Diatomeen von Schweden und Finland. Te'il III,
Monoraphìdeae, Bìraphideae, I. K. Svensk. Vetenskakad. Handl . 4 ser. _4(5),

I-255, Figs 484-970.

Colwell, M. (1972). ' The Hjstory of the Noarlunga District.'

(Scrymgor & Sons, Adelaide).

Confer, J. L. (I972). Interrelations among plankton, attached algae, and the

phosphorous cycle ìn artifjcial open systems. Ecol. Monogr. !?, L-23.

Cooke, W. B. (1956). Colonizat'ion of art jf icial bare areas by m'icroorganìsms.

Bot. Rev. 22, 673-638

Cox, E. J. (1975). A reappraìsaì of the diatom genus Amphipleura Kütz. using

light and electron m'icroscopy . Br. Phycol. J 1O(1) , 7-72

Crawford, R. M. (1971). The fine structure of the frustule of Melos'ira

varians C. A. Agardh Br. Phycol. J. 6, 175-186.



149

Crawford, R. M. (fgZSa). The Frustule of the Initial Cells of Some Spec'ies

of the Diatom Genus Melosira Agardh

In Simonsen, R. (ed.). Proceedings, Third Symposium on Recent and Fossìl

Marine Diatoms, Kiel, September 9-13, 7974.

Beih. Nov. Hedw. 53, 37-50, 5 Plates.

Crawford, R. M. (fgZS¡). The taxonomy and classification of the diatom genus

I. The type spec'ies M. numnruloides C.Ag.

lQ,323-338.

Crespin, I. (1947). A study of Austral ian Diatomites w'ith specìa'l reference

to their possìbl e val ue as f il ter med'ia.

Bur. M'iner. Resour., Geol . Geo ohvs. Bul I #7, 5-40.

Crosby, L. H. & E. J. F. hlood (1958). Studies on Austral'ian and New Zealand

Djatoms I. Planktonic and Allied species.

Trans R. Soc. N. Z. 9Þ(+), 483-530, Pl . 31-39.

Crosby, L. H. & E. J. F. Wood (1959). Studies on Australian and New Zealand

Djatoms II. Normally epontìc and benthic genera.

Trans R. Soc. N. Z 86(1,2), 1-58, Pl .1-9.

Dawson, P. A. (1973). Observations on some species of the diatom genus

Gomphonema C. A. Agardh. Br. Ph.ycol . J. 8, 413-423.

Doig, A. (fg0Za). The Oamaru Djatomite Deposits.

The Microscope 13(6) , 141-149.

Doig, A. (tgOZ¡). The Oamaru Diatomite Deposits

The Microscope 13(i), 16e-175.

Donkih, A.S. (1858). 0n the marine djatomaceae of Northumberland, wìth a

description of 18 new specìes Trans Microsc. Soc. 6, 72-34, Pl. 3.

Dougìas, B. (tgSg). The ecology of the Attached dìatoms and other algae ìn

a small stony stream. J. Ecol . tQ, 295-322.

Droop, M. R. (1955). A pe'lagìc marine d'iatom requiring cobalamin.

J. Mar. B'iol . Assoc. U. K. 34, 229-237.

Edsbagge, H. (1965). Vertical distribution of diatoms

59, 463-468.

Sven. Bot. T'idskr.



150

Ehrenberg, C. G. (1838). 'D'ie infus'ionsthìerchen aì s vol I konrnene organìsmen.

Ein blick 'in das tiefere organische leben der natur.'

(Leopol d Voss, Lei pzig) . i -xvì'i , 1-548, Pl .1-64.

Ehrenberg, C. G. (1840). Über ausgeze'ichnete ietzt lebende peruanische und

mexikanische Meeres-Infusorien, welche mjt zur Erläuterung räthselhafter

fossiler Formen der Kreiderbildung djenen.

Bericht. Akad. l^li ss. Berl . 1840, 757-762

Ehrenberg, C. G. (tA+Oa). Characteristik von 274 neuen Arten von Infusorien.

Bericht. Akad. Wi ss. Berl . lqtg,7e7-27e.

Ehrenberg, C. G. (1841). Verbreitung und Einfluss des m'ikroskopischen Lebens

in Süd-und Nord-Amerika.

291-445, 4 Pl ates.

Abh. K. Akad. Wiss. Berl. Erster Theil 1941,

Ehrenberg, C. G. (1843). Über die Verbreitung des jetzt wirkenden Kleinsten

organischen Lebens in Asien, Australien, und Afrika, nämlich das Verhalten

dieser Erscheinungen in Austral ien vor.

Ber. Beka nnt. Verhandl. k. pr. Akad. Wiss. Berl. 1q19, r37-143

Ehrenberg, C. G. (1854 ) . 'Mi krogeoì ogi e das Erden und fel sen scheffende

l,lirken des unsichtbar kleinen selbststandìgen Lebens auf der Erde.'

(Leopold Voss, Leipzig). Atlas 40 Plates.

Ehrlich, A. (1SZS¡. The Diatoms from the Surface Sedjments of the Bardawiì

Lagoon (Northern S'inai ) - Paleoecological S'ignjficance.

In Sjmonsen, R. (ed.). Proceedings, Third Synposium on Recent and Fossil

Marine Diatoms, Kiel, September 9-13, t974.

Bei h Nov. Hedw. 53, 253-277, 3 Plates.

Evans, D. & J. G. Stockner (tglZ). Attached aìgae on artificial and natural

substrates jn Lake WinniPeg, Manitoba. J. Fish. Res. Board Can. 29(1) , 31-44.

Faust, M.A. & D. L. Correll (1975). Comparison between bacterial and aìgaì

utilization of orthophosphate jn an estuarjne envinonment.

J. Phycol . 11 (Suppl . ), 22.



151

Ferguson, R. 1., A. Collier & D. A. Meeter (1976). Growth response of

Thallasiosira pseudonana Hasle & Heimdal clone 3H to'illumination, tem pera -

ture and nitrogen source. Ches. Sci. lZ(3), 149-lSg.

Gaillon, M. (1820). Des huitres vertes, et des causes de cette co'loration.

Ann. Gen. Sc'i . Ph.vs . 7,89-94.

Gams, H. (tSZS¡. Die höhere Wasservegetation.

Abderhalden, Handb. d . B'iol . Arbei tsmeth. lX , 2[1), i13-i50.

Ghazzawj, F. M. (1933). The littoral d'iatoms of the Liverpoo'l and Port Erin

Shores. J. Mar. Biol. Assoc. U. K. 19, 165-176

G'iffen, M. H. (1970). Contributions to the diaton flora of South Africa. IV.

The Marjne L'ittoral Diatoms of the Estuary of the Kowie River, Port Alfred,

Ca pe Prov'i nce .

In Gerloff, J. & B. J. Cholnoky (eds). D'iatomaceae lI. Friedrich Hustedt

Gedenkband . Bei h. Nov. Hedw. 3L,259-372.

Godward, M. B. (1934). An investigat'ion of the causal distrjbut'ion of algal

ep'iphyte s. Bei h t. Central bl att. 52 A(3),506-539.

Green, E. J. & D. E. Carritt (1967). New tables for oxygen saturation of

seawater. J . Mar. Res . ?5Q), 740-L47 .

Gregory, W. (taSO1. Notjce on some new spec'ies of British freshwater

diatomaceae. art. J. Microsc. Sci. 4, 7-74 'Pl . 1

Gregory, llJ. (1857). 0n new forms of marine Diatomaceae found in the Fjrth of

C'lyde and in Lock Fyne, 'illustrated by numerous fìgures drawn by R. K.

Greville, LL.D., F.R.S.E. Trans-8. Soc. Edinburqh ZL, 7-70, 6 Plates.

Grevi I I e, R. K. (leZZ ) .

In 'Scott'ish cryptogamic flora.' (Edìnburgh) 6 voì s, 360 Plates.

Grove, E. & G. Sturt (1886). 0n a foss'il marine diatomaceous deposit from

Oamaru, Otago, Netnl Zealand.

J. 0ueck. Microsc. Cl. 2 Ser. Z, 327-330, 2 Plates.

Grove, E. & G. Sturt (f887a)

0amaru, Otago, New Zeal and

0n a fossil marine diatomaceous deposit from

J. Queck. Microsc. Cl. 2 Ser. 3, 7-12, 2 Plates.



r52

Grove, E. & G. Sturt (1BB7b). 0n a fossil marine diatomaceous deposit from

Oamaru,Otago, New Zealand, part III.
J. Qu eck. Microsc. Cl. 2 Ser. 3, 63-78, 2 Plates.

Grove, E. & G. Sturt (tggZc). 0n a fossil marine diatomaceous deposjt from

Oamaru, Otago, New Zealand' Appendix.

J. aueck. Microsc. Cl. 2 Ser. 3, 131-148, 5 Plates

Grunow, A. (1860). Ueber neue oder ungenügend gekannte A'lgen. Erste Folge,

D'iatomeen, Famil'ie Naviculaceen.

Verh. kai s. -koniql . zool . -bot. Ges. l^lien. 10, 503-582, Pl. III-VII.

Grunow, A. (1862). Die österreichischen Diatomaceen nebst anschluss e'inìger

neuen Arten von ändern Lokalitäten und e'iner kritischen Ubersicht der

bi sher bekannten Gattungen und Arten , Ep'ithemieae , Merid i oneae , D'iatomeae ,

Entopyìeae, Surirelleae, Amphìpleureae. I & 2. Verh. kais.-konìgl.

zool.-bot. Ges. Wien. L2, 375-472, 545-585, Pl. 3, 7 & 13.

Grunow, A. (1868). 'Reise seiner Maiestat Fregatte "Novara" um die Erde in

den Jahren 1857, 1858, 1859.' Bot. Theil, Aìgen. 1(1), 1-104, Pl. 1-11.

(t.l'ien ) .

Grunow, A. (1877). New Diatoms from Honduras' with notes by F. Kìtton.

Mon. Microsc. J 18, 165-186, Pl. 193-196

Grunow, A. (tgZA). Algen und Diatomaceen aus dem Kaspischen Meere.

In Schneider,0. 'Naturwjssen. Bejtr. z. Kenntnjss d. Kaukasuslander

S'itzsungsberiChte, Naturwiss. Gesell. "lsis" zu Dresden.' p. 100-133' Pl. 3-4.

Grunow, A. (1880). Vorläufige Bemerkungen zu eìner systematischen Anordnung

der Schizonema - und Berkleya - Arten, mit Bezug auf die in Van Heurck's

"D'iatomeen - Flora von Belgien" veröffentl'ichten Abbìldungen der Frusteln

auf Taf. XV, XVI, und XVII.

Bot. Central bl att 4(47 -48) , 1506-1520, 1585-1598 .

Grunow, A. (tg8+). Die Diatomeen von Franz Josefs-land.

Denkschr. mathema t-naturw'iss. Classe kais. Akad. Wiss. 48, 53-772, 5 Plates.



153

Harleman, D. R. F. & C. H. Lee (1.969). The cornputation of tides and currents

in estuaries and canals Committee on Tidal Hydraulics, Corp s of Enq i neers ,

U. S. Armv, Techn'ical Bulletin No. 16, I- 264

Harlin, M. M. (19i5). Epiphyte - Host relations in seagrass communjt'ies.

Aquatjc Botany l, 125-131.

Hartog, C. den (19i0). The Sea-grasses of the World.

Verh. K. Ned. Akad Wet. Afd. Natuurkd. , Tweede reeks. 59 (r), r-215, Pl. 1-31.

Haworth, E. Y. (1975). A scannìng eìectron microscope study of some different

frustule forms of the genus Fraq'ilaria found in Scottish late-glacjal

sediments. Br. Ph.ycol . J.iA(1),73-80.

Heiberg, P. H. C. (1863). 'Conspectus crjticus Diatomacearum Danicarum.'

(wilnelm Priors Forìag, Kiobenhavn). 135p. 6 Plates.

Helmcke, J. G. & l,rl. Krieger (1962- ). 'Diatomeenschalen ìm Elektronen-

mì kroskopi schen Bi I d. ' (J. Cramer, hlei nheim) . Vol . 1-

Hendey, N. I. (1951). Littoral diatoms of Chichester Harbour with special

reference to fouì ì ng.

Hendey, N. I. (1964).

J. R. Microsc. Soc. z1, 1-86.

'An Introductory Account of the Smaller Algae of

Brj ti sh Coastal l,rlaters . Part V. : Baci I I ariophyceae (Dj atoms ) . '

(H. M. Stat'ionary Office, Lond.) 377 p., 45 Plates.

Hentschel , E. (fgf O). B'ioìog'ische Untersuchungen über den tierischen und

pflanz'lichen Bewuchs 'im Hamburg er Hafen. Mitt. Zool. Mus Hamburq 33, 7-772.

Héribaud, F. J. (1893-1908). 'Les Diatomees d'Auvergne.' (Lìbraìrìe des

Sc'iences Naturelles, Parìs). p. 1-233, Pl. 1-6 (fAgS); p. I:79, Pl. 7-B (1902);

p. 1-155, Pl.9-12 (rgO¡); p. 7-70, Pl. 13-14 (1908).

Heurck, H. F. Van (1880-1885). 'synopsis des Diatomées de Belgìque.' (Anvers).

Atlas (taeo-fga3), Text (1885) zss pp.

Heurck, H. F. Van (1896). 'A treatjse on the Diatomaceae.' (Lond.) tr. Uy

tll. E. Baxter. (hlheldon & hlesley, Lond.) 558 pp.,35 Plates. Repr.7962.

Hickman, M. (1971). The standing crop and primary productivity of the epìphy-

to n attached to Equisetum fluviatìle L. in Priddy Poo'I, North Somerset

Br. Phycol . J. 6(1), 51-5e



lc+

Hickman, M. & D. M. Klarer (1974). The growth of some epiphytic algae in a

lake receiving thermal effluent. Arch. Hydrob'iol. Z1(3), 403-426.

Hickman, M. & D. M. Klarer (1975). The effect of the d'ischarge of thermal

effluent from a power stat'ion on the primary productivìty of the epiphytìc

a'lgal commun'ity. Br. Ph.ycol . J. tQ(1), 81-91.

Holmes, R. l^1. (1966). Light microscope observations on cytoìog'ical manifest-

at'ions of NOr, P04 & S'il icate deficìency in four marine centric diatoms.

J. Phycol ?,136-140.

T. (1964). A study of the D'iatoms of the Ouse Estuary, SussexHopkìns, J

II. The ecology of the mudflat D'iatomflora. lII. The seasonal variation in

the Littoral Epiphyte Flora and the shore plankton.

J. Mar. Biol. Assoc. U. K. 44, 673-644.

Hustedt, F. (1927) . Fossjl e Bacil I ariaceen aus dem Loa-Becken jn der Atacama-

Wüste, Ch'il e. Arch. Hydrob jol . und PlanKtonk, ]q(2) , 224-257.

Hustedt, F. (1930). Die Kieselalgen Deutschlands, österreichs und der Schweiz

mit Berücksjchtigung der übrigen Länder Europas sowje der Angrenzenden

Meeresgebi ete.

ln Rabenhorst, L. 'Kryptoganren Flora, von Deutschland, österre'ich und der

Schweì2.' Z(1), 7-920. (Acad. Verlagsgese'll schaft, Le'ipzis) Repr. I97I

(Johnson Reprint, N. Y. ) .

Hustedt, F. (1930a). Bacìl larìophyta (Diatomeae).

In Pascher, A. (ed. ) . 'Dìe Susswasser-Fl ora M'itteì europas . '

10, 1-446, Fìgs 1-875. (G. F'ischer, Jena).

Hustedt, F. (1943). Dje Diatomeenflora ein'iger Hochgebirgsseen der Landschaft

Davos in den Schwejzer Alpen. Int. Rev. Hydrobiol. Hydrogr.43, I24-I97,

225-280.

Hustedt, F. (1959). Dìe Kieselalgen Deutschlands, österrreichs und der Schweiz

mit Berücksjchtigung der übrigen Länder Europas sowie der Angrenzenden

Meeresgebi ete.

In Rabenhorst, L. 'Kryptogamen Flora, yon Deutschland, österrejch und der

Schweiz.' 7Q), 1-845. (Acad. Verlagsgesellschaft, Leipzjg). Repr. 797I

(Johnson Reprì nt, N. Y. ) .



15þ

Hustedt, F. (1966) . D'ie Kjesel al gen Deutschl ands, österre'ichs und der Schweiz

mit Berücksichtigung der übrigen Länder Europas sow'ie der Angrenzenden

Meeresgebi ete.

In Rabenhorst, L. 'Kryptogamen Flora, von Deutschland, österrejch und der

Schwejz.' Z(3), 1-816. (Acad. Verlagsgesellschaft, Leipzig). Repr. 1971

(Johnson Repri nt, N. Y. ) .

Hustedt, F. & A. A. Aleem (1951). Ljttoral diatoms from the Sa'lstone, near

Pl ymo uth. J Mar. Biol. Assoc. U. K 3g, 177-196.

Ivìmey-Cook, R. B. & M. Proctor (196i). Factor anaìysis of data from an East

Devon Heath. A comparison of prìncipìe component and related solutjons.

J. Ecol . 55, 405-413.

Jeffrey, S. hl. & S. M. Carpenter (1974). Seasonal Succession of Phytoplankton

at a Coastal Station off SydneY . Aust. J . lt'lar. Freshwater Res . 25, 361-369.

Ka'iser, H. F. (1963). Image Anaìysis.

In Harris, C. l¡J. (ed.). 'Problems in Measuring Change.'

(Univ. Wisconsin Press, Madison).

Karentz, D. & C. D. Mclntire (1977). Djstribution of djatoms in the plankton

of Yaqui na Estuary, 0regon . J . Phycol . lq (4 ) , 379-3BB .

Karsten, G. (1928). Abte'ilung Bacìllariophyta (Diatomeae).

In Engìer, A. & K. Prantl . 'Die Naturl'ichen Pflanzenfamilien.'

?(2) , 105-345. (Engelman, Leì pzig) .

Kinne, 0. (1967). Physio'logy of estuarine organisms with specìa'ì reference

to sal i n'ity and temperature. Genera'l Aspects .

In Lauff, G. H. (ed. ) . Conference on Estuaries.

Am. Assoc. Adv. Scì. Publ. #93,525-540.

K'ita, T. & E. Harada (1962). Studies on the epiphytic communities. l. The

abundance and distribut'ion of m'icroalgae and small animals on the Zostera

bl ades. Publ . Seto Mar. B'iol . Lab. 10 , 245-257 .

Kützing, F. T. (1833). Synopsis Diatomacearum oder Versuch einer systematis-

chen Zusammenstellung der Dìatomeen. Ljnnaea 8, 529-620, Pl. XIII-XIX.

Kützing, F. T. (tA++). 'Die Kieselschaligen Bacillarien oder Diatomeen.'

(Kohne). 152 pp., 30 Plates.



l.5b

Lambert, J.M. & hl. T. I^Jilliams (1962). Multivaniate analysis'in p'lant

eco'logy. IV. Nodal analysis. J. Ecol . 9q' 775-802.

Landjngham, S. L. Van (1967- ). 'Catalogue of the fossil and recent genera

and species of d'iatoms and their synonyms.' (Cramer, Lehre). Vol . 1-

Lange, R. T. (1968). Influence analys'is in vegetation.

Aust. J. Bot. 16, 555-564.

Latour, H. A. de (1888). 0n the fossjl marine diatomaceous deposit near

Oamaru. Trans N. Z. Inst. ?I, 293-311.

Lewin, J. C. (1961). Sil'icon as an essential element for diatom cultures

Recent Adv. Bot. 1, 253-254.

Linnaeus, C. (liBB). 'systema Naturae.' Ed. XIll, 1, para. 6, #3903.

Lund, J. hJ. G. & J. F. Ta]ì'ing (fgSZ). Botan'ical limnolog'icaì methods with

specìal reference to the a'lgae. Bot Rev.?3(e-g),489-583.

Lyngbye, H. C. (1819). 'Tentamen Hydrophytologiae Danicae Cont'inens omnia

Hydrophyta cryptogama Daniae, Holsatiae, Faeroae, Island'iae, Groenlandiae

hucusque cognita, Systemat'ice Dìspos'ita, Descripta et'iconibus illustrata,

Adject'is Simul Speciebus Norvegìcis.' (Hafniae). 248 pp.,70 Plates.

Main, S. P. & C. D. Mcintire (f gZ+). The d'istribut'ion of epìphytic diatoms

in Yaqu'ina estuary, 0regon (U. S. A. ). Bot. Mar. 12, BB-99.

Mason, C. F. & R. J. Bryant (1975). Periphyton production and grazing by

ch'ironomi ds i n Al derfen , Norfol k Freshwater Biol . 5, 271-277.

McInt'ire, C. D. (f966). Some factors affecting respiration of perìphyton

communit'ies in lotic env'ironments. Ecolog.v !Zß1, 918-930.

McInt'ire, C. D. (1968). Structural characteristics of benthic alga'l

communities in laboratory streams. Ecolog.v 19(3) , 520-537.

McIntire, C. D. (1973). Diatom associatìons in Yaqu'ina estuary, 0regon: A

mul t'ivari ate analysi s . J . Phycol . 9, 254-259 .

Mclnt'ire, C. D. & t^l. hl. Moore (7977). Marine Littoral Diatoms - Ecologìcal

Considerations.

In Ì¡lerner, D. (ed.). The Biology of Diatoms.

333-371.

Bot. Mono r. (Oxf. ) 13,



McIntire, C. D. & l,J. S.0verton (19i1). Distrjbutional patterns in assemblages

of attached diatoms from Yaqu'ina EstuaFy, Oregon. Ecology 5a(5) , 758-777.

McIntire, C. D. & H. K. Ph'inney (tgOS). Laboratory studjes of periphyton

product'ion and community metabolism ìn lotjc environments.

Ecol. Monoqr. 35, 237-258.

Mclntire, C. D. & B. L. t,{ulff (1969). A laboratory method for the study of

marine benthic diatoms. Limnol . 0ceanogr. lt(5), 667-678.

McRoy, C. P. & J. J. Goerìng (1974). Nutrient transfer between the seagrass

Zo s tera marjna and its epiphytes. Nature (Lond. ) z4B, 773-174.

Mereschkowsky, C. (1902). Note sur quelques Diatomêes de la Mer Noir suivie

d'une I iste de formes obs'ervées dans cette mer.

J. Bot. Pari s 16, 319-324, 358-360, 416-430.

Mi I I s , F. l,J. (f gS¡-f g¡S ) . 'An Index to the Genera and Specì es of the

Diatomaceae and their Synonyms. 1816-1932.'

(Wfreldon & ldesìey, Lond,). 2l parts, 1362 pp.

Müller,0. (1899). Bacillariaceen aus den Natronthälern von El Kab (Ober-

Aegypten). Hedwigia 39, 274-327, 3 Pìates.

Mrjller,0. F. (1773). 'Vermium terrestrium et fluviatil'ium sue an'imal'ium

infusorium helminthecorum et cestaceorum non marinarum succìnta historia.'

(Havn'iae et Lipsiae). l(¡O), tSSpp.

Munk, W. H. & G. A. Riìey (1952). Absorpt'ion of I'lutrients by aquatic pìants.

J. Mar. Res. 11, 215-240.

Naumann, E. (1931). Limnologìsche Termjnologie.

Abderhal den Handb. d. Biol. Arbeits. IX, 8 , 7-776.

Newcombe, C. L. (tgqg)

IJ/

Attached material 'in relatìon to water productivìty.

68, 355-361.Trans Am. Microsc. Soc.

Noy-Meìr, I. (1971). Multivariate Analysis of the Semi-arid vegetation in

South-Eastern Australja. I. Nodal ordinat'ion by component anaìysis.

Proc. Ecol. Soc. Aust. 6, 159-193.

Noy-Me'ir, I. (1974). Multìyariate analysis of the semi-arid vegetation in

South-Eastern Australia. II. Vegetation Catenae and Environmental Gradients.

Aust. J. Bot. 22, 115-140.



158

Paddock, T. B. B. & P. A. Sims (7977). A Prel im'inary Survey of the Raphe

Structure of Some Advanced Groups of Dìatoms (Epithemiaceae - Surirel'laceae).

In Simonsen, R. (ed.). Proceedings, Fourth Symposium on Recent and Fossil

Marine Diatoms,Oslo, Aug. 3O-Sept.3,7976. Beih. Nov. Hedw. 91, 291-322.

Pankow, H. (1976). 'A'lgenflora der 0stsee. II. Plankton (ejnschl. benthìscher

Kieselalgen).' (G. Fischer Verìag, Stuttgart). 493 pp.

Parkin, L. W. (ed.) (1969). 'Handbook of South Australjan Geology.'

(Govt Pr j nter, Adel a'ide) .

Patrick, R. (1968). Structure of d'iatom communities in sìm'ilar ecolog'ical

cond'iti ons . Am . Nat . LA_?, 173-183 .

Patrick, R. (19i1). The effects of increasing ì'ight and temperature on the

structure of diatom commun'it'ies. L'imnol . 0ceanogr 16,405-421.

Patrick, R. & M. H. Hohn (f gS0), The diatometer - a method for ìnd'icatìng

the conditions of aquat'ic l'ife.

Proc. Am. Petrol . Inst., Sect. III, Refin'inq 36(3), 332-33e.

Patrjck, R., M. H. Hohn & J. H. Wal lace (1954). A new method for determ'ining

the pa ttern of the diatom flora. Not. Nat. Acad. Nat. Sci. Phila. 259, 7-72.

Patrick, R. & C. W. Reimer (1975). The diatoms of the United States exclus'ive

of Al aska and Hawai i . Vol . 2, pt I . Entomoneìdaceae, Cymbe'l'laceae,

Gomphonemaceae, Epithemiaceae.

Monogr. Acad. Nat. Sc'i . Phìla. #13, ?(7), 1-213.

Petit, P. (187i-fB7B). Catalogue des diatomées de l'île Campbe'lì et de la

Nouvelle Zélande. Précéde d'une étude géoìogique des abords de I'ile
Campbe'll et de la Nouvell-7éalande par Leon Perier.

Fonds de la Fler 3, 164-198, 2 Pl ates.

Phifer, L. D. (1929). Ljttoral Diatoms of Argyle Lagoon.

Publ. Puqet Sound Biol . Stat 7, r37--749.

Potter, I. C., D. Cannon & J. W. Moore (1975). The ecology of aìgae in the

Moruya River, Austral ia. Hydrobioloqia !!ß-q) , +15-490.



159

Pritchard, A. (1861). 'A history of infusoria, I ìving and foss'il arranged

accord'ing to "D'ie i nf usions-thi erchen" of C . G. Ehrenberg; contai nì ng

col oured engravi ngs i I I ustrat'ive of al I the genera , and descr j pt'ions of al I

the spec'ies in that work, with several ner,l ones; to which'is appended an

account of those recerrtly discovered 'in the chal k format'ions.'

(Whittaker & Co. ,Lond. ) . vi i j , 968 pp. 40 Pl ates. (4 Edn) .

Prowse, G. A. (1959). Relat'ionship between ep'iphyt'ic aìga1 specìes and their

macrophytic hosts. Nature 183, 1204-1205.

Rabenhorst, L. (fg+g-fe6o). 'Die Algen Sachsens.' No. -1-1000. (Dresden).

Rabenhorst, L. (tg0f-feZg). Die Algen Europa's.

In 'Fortsetzung der Al gen Sachsens, resp. Mittel -Europa 's . ' No . 1001-2590.

Rabenhorst, L. (1863) . Djatomeen.

In 'Kryptogamen-Flora yon Sachsen, der Ober-Lausitz, Thürìngen und Nord-

Böhmen, mjt Berüchs'ichtigung der benachbarten Länder.' (Leipzig). 1,XX, 653pp

Rabenhorst, L. (1864 ) . 'Fl ora Europaea Aì garum aquae dul ci s et submari nae.

Sectio I. Algas diatomaceas complectens, cum figuris generum omnium

xylographice ìmpressis.' (Apud Eduadum Kummerum, Lipsiae). 395 pp.

Reed, F. (1958). The Dìatomite of Oamaru, New Zealand. 1874-1958.

The Microscope 12(1 ) , 3-6.

Reisen, W. K. & D. J. Spencer (tgZO). Succession and current demand relatìon-

ships of diatoms on artificial substrates'in Prater's Creek, South Carolina.

J. Phycol . 6, r77 -72L.

Reyez-Vasquez, G. (1970). Studies on the d'iatom fl ora ì i vi ng on Thal ass ja

Bul I . Mar. Sci . 28, 105-134.testudinium Köni g ìn Biscayne Bay.

Ricard, M. (1977). Ecology of D'iatom

In Simonsen , R. (ed . ) . Proceedi ng

Marine Diatoms, 0slo, Aug. 3O-Sept.

Rochford, D. J. (1951). Studies 'in A

s from Two Polynesian Lagoons.

s, Fourth Symposium on Recent and Fossjl

3, 1976. Bei h. Nov. tledw. 54,389-405.

ustralian estuarine hydrology. I. Intro-

ductory and comparative features. Aust. J. Mar. Freshwater Res z, 7-716.

Roth, A. t^l. (1806). 'Catalecta Botanica (Quibus plantae novae et m'inus cogn-

itae describuntur atque il I ustrantur).' [Lipseae). Fasc. 3.



160

Round, F. E. (1970). The delineation of the g enera C.ycl otel I a and Stephano-

discus by light microscopy, Transmjssion and Reflectìng Electron Microscopy.

In Gerloff, J. & B. J. Cholnoky (eds). Dìatomaceae II. Frjedrjch Hustedt

Gedenkband. Beih. Nov. Hedw. 31, 583-604.

Round, F. E. (1971). Benthic Marine Diatoms.

0ceanogr. Mar. Biol. Annu. Rev. 9, 83-139.

Schmjdt, A. hl. F. et al. (fgZ+-tgSg). 'Atlas der Dìatomaceenkunde.'

(Reis'land, Le'ipzig). Pl . 1-480.

Schrader, H.-J. (fgOg). D'ie Pennaten Diatomeen aus dem Obereozän von 0amaru,

Neuseeland. Beih. Nov. Hedw. 28,1-724,39 Plates.

Selìgo, A. (tsOS¡. Über den Ursprung der Fischnahrung.

Mitt. d. Westpr. Fisch.-V. _12(4), 52-56.

S'ieburth, J. M. & C. D. Thomas (1973). Fouling on Eeìgrass Zo s tera marr na

L.) . J. Phycol g(1) , 46-50.

Simonsen, R. (1959). Neue Diatomeen aus der Ostsee. I.

Kiel . Meeresforsch. 15, 74-83, 3 Plates.

Skerman, T. M. (1956). The nature and deyelopment of primary fjlms on surfaces

submerg ed in the sea. N. Z. J. Sci. Technol. Sect. B 38,44.

Skvortzow, B. V. (fggZ). Notes on Fossil Diatoms from New South hlales,

Australia. 1. Fossil D'iatoms from Diatomaceous Earth, Cooma, NSb].

Proc. L'inn. Soc. N. S. l^1. 62, 175-180.

Sládeðková, A. (1962). Limnological investigation methods for the periphyton

("Aufwuchs") community. Bgt. Rev. ?9, 286-350.

Smith, W. (1853). 'A synopsis of the British Diatomaceae.'

(Smith & Beck, Lond.). l: 89 pp., 31. Plates.

South Australian Yearbook (1973). No. B.

(Commonwealth Bureau of Census & Statistics, Adelaide).

5rámek-Hu5ek, R. (1946). (0n the uniform classification of animal and pìant

communities in our waters) - In Czech. Sborník MAP 20 [3) , 2]3-234.



161

Sullivan, M. J. (1977). Structural characteristics of a dìatom community

epiphytìc on Ruppia maritima Hydrobjol osia Þ3(1 ) , 81-86.

Symons, F. (1970). Study of the Ecoìogìca'l Relations Between 30 specìes of

Algae by Means of a Factor Analysis. Hydrobiologia 99(¡-+), 513-600.

Thwa'ites, G. H. K. (1848). Further observations on the Diatomaceae w'ith

descript'ions of new genera and species.

Ann. Mag. Nat. Hìst. 3 ser, ?9, 161-172, Pl . \1,72.

Ward, l^l. T. (1966). Geology, Geomorphology, and Soils of the South-western

Port of County Adelaide, South Australia. C. S. I. R.0. Soil Publn # 23

h,lelch, E. 8., R. M. Emery, R. I. Matsuda & t.J. A. Dawson (1972). The relatìon

of periphytic and planktonìc a'lga'l growth in an estuary to hydrographìc

factors. Linno l. 0ceanoqr. IL, 731^737 .

Wood, E. J. F. (1950). Investigations on Underwater Fouling. l. The role of

bacteria in the ear'ly stages of fouf ing. Aust. J. Mar.. Freshwaler Res. 1(1)

85-91.

Wood, E. J. F. (1955). Effect of temperature and flow rate on some marine

foul ing organisms. Aust. J. Sci . lq' 33-34.

Wood, E. J. F. (lg0fa). Studies of Australian and New Zealand D'iatoms. IV.

Descriptions of further sedentary species.

Trans R. Soc. N. Z. gg (4 ) , 669-698, Pl 50-56.

l,lood, E. J. F. (1961b). Studies on Austral ian and New Zealand Diatoms. V.

The Rawson Collectìon of Recent Diatoms.

Trans R. Soc. N. Z. 98(4), 699-772, Pl. 57-59.

Wood, E. J. F. (1963). Studies on Australian and New Zealand Diatoms. VI.

Tropica'l and Subtropìca1 Speci es.

Trans R. Soc. N. Z. Z(15), 189-218, 6 Plates.

Wood, E. J. F., L. H. Crosby & V. Cassie (1959). Studies on Australian and

New Zealand Diatoms. lII. Descriptions of Further Dìscoid Species.

Trans R. Soc. N. Z. 9Z(3-4), 217-279, Pl. 15-17.



162

Wulff, B. L. & C. D. Mclntire (tglZ). Laboratory studies of assemblages of

attached estuarine diatoms. Limnol . Oceafrggr , ILQ) , 200-214.

Zobell, C. E. & E. C. Allen (1935). The significance of marine bacteria in

the fouling of submerged surfaces. J. Bacteriol , ?2, 239-257.



FIGURE I

AUSTRAL I A

A

. 1000 knt . l1

C

SOUTH AUSTRALIA

I 00 knr

B

gù

$

v1

3Bo

ß

AOELAI DE

I
i

,''
LT

\

ppv
alle
Res

I

t Bol d

$
.q"

a

t

oa r
Contour Interv,:l 250 ft (7(t.Z n)
and Additional ContoLrrs 500 ft ( 152.4 m)

-- -' Perinrèter of Catchment Area

LEGTND

2

st
nd

U

A

- /ti

tJ \,('¿
èl

(

Po rt
Noarl unqa'

St Vi ncent
Gul f

t\



F I GI.JRT 2

-v

a

/

: Roads

- 
Qs¿( Bridge

nr*nr+ | j SUSed Rai ì Way Brì dge

- 
Contours at Bm Intervals
Sampì i ng Stati ons

9- 0¡ stri buti on of Zostera sP.

O Photo Pojnts for Figs 3-5,7

L EGEN D

$

a

NOARLUNGA

PO

o



FIGURE 3

A. The ford at Noarlunga after the channel had

20. II-l977.Background shows the 0nkaparinga

upstream from left to ri9ht.

B. View downstream from the ford at Noarlunga.

riffle and the steep sides to the left side

been deepened,

valley winding

Note shal I ow

banks.
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FIGURE 5

A. View downstream towards the 8 km station marked by the arro!{'

B. View upstream towards the 10 km statíon marked by the arrow'
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FIGURE 7

Vi ew downstream towards the footbri dge marki n9 the seaward

extent of the Zostera dì stri buti on.

Vi ew downstream towards the narrow mouth of the 0nkapari nga

river.
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FIGURE 8

Cyclotella s pecÍes 2

A. Valve view (SEM).

B. 0bl i que vi ew of frustul e (SEM) .

Melosira s pecies 1

C. 0blique view of valve with spinules (SEM).

D. Close view of external surface of valve with external openings

of I abi ate processes and col I ar (SEM) .
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FIGURE 9

Meìosjra species 1

A. Girdle view of cingulum (SEM).

B. Girdle view of form variation with diameter (LM).

Melosira varians C. Agardh

C. cirdle view (t-t"l).

D. Vaìve view (SEM).
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FIGURE 1O

Dimerogramma mÌ nor ( Gregory ) Ra I fs

A. Vaìve view (LM).

B. Girdle view (LM).

Fra g ilaria pinn ata Ehrenberg

C. Valve view (SEM).

D. 0bl ique view (SfU¡.

9rammatophora oceanÍca Ehrenber g

E. Girdle vÌew showing septum form (LM).

F; Girdle view showing surface detai I (SEM).

G. Valve view (LM).



FIGURE 10
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FIGURE 11

L i cmo phora fl abe'l I ata (Carmichael) ex C. Agardh

A. Valve view showing the basal po'lar slits and slits either side of the

axial area (SEM). (The figure of the apical third of the yalve is

transposed to the upper right hand edge of the rest of the figure)

Licmophora s

B. Ob'lique view of valve (SEu).

C. Internal valve view showing septum fornation and basal labiate

process (sEM).

Licmo phora s pecies 4

D. Girdle view (LM).
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FIGURE 12

Licmophora s pecies 4

A. Valve view and valvocopulae showing externaì openings of

apical anö basal labiate processes (SEM).

Opephora martyi HerÍbaud

B. Valve view (Ll4) .

Pl agiogramma staurophoram (Gregory) Heiberg

C. Valve view (LM).

Rhaponeis surirella var. australis (Petit) Grunow in van Heurck

D. Valve view (LM).

Striatel la uni punctata (Lyngbye) C. Agardh

E. Girdle view (SEM).
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FIGURE 13

Stri atel ì a uni punctata (Lyngbye ) C.Agardh

A. Valve view with copu'l ae showing poìar septum (SEM).

Synedra pulchella var. lacerata Hustedt in Schmidt et al.
B. Valve view of full size valve (LM).

C. Val ve vi ew of smal I val ve ( LM) .

Synedra tabul ata ( C .Agardh ) Kutzi ng

D. Cl ose up of val ve pol e show'i ng structure of stri ae,

external opening of labiate process and ocellus with

poreì ì'i (SEM) .

E. Valve view showing abnormal ity of stria formation (LM).

F. Val ve view (LM) .
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FI GUR E 14

Synedra sp . aff. laevi gata Grunow

A. Va'l ve view (LM).

B. cl ose vi ew of val ve pol e showi ng externar openi ng of
I abiate process and ocel I us wi th porel ì i (SEM) .

Synedra ful ens ( Greví I 1e ) t¡t. Smi th

C. Valve view (LM).

D. Mid-val ve view showing ì ateral axial areas (SEM).

E. Close view of valve pole (SEM).

Achnanthes brevipes var. intermedia ( Kut zing) Cl eve

F. Girdle view of djviding cell (tN¡.
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FIGURE 15
ll

Achn anthes brevi pes var. i ntermedi a ( t<utz i ng ) Cl eve

A. Raphic valve view (SEM).

B. close view of central area of raphic valve showing the

form of cribrum occluding each areola (SEM).

C. Araphic valve view (SfU¡.

D. Abnormal araphic valve resulting from unfavourable

envi ronmental condi ti ons (SEM) .

E- 0bl ique view of central region showing areolate valvocopu'l ae

(sEM).
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FIGURE 16

Achnanthes s pecies 1

A. Raphic val ve view (LM).

B. Araphi c val ve vi ew ( LM) .

C. Raphic val ve view (SEM).

D. Araphic valve, oblique view (SEM).
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FIGURE 17

Achnanthes species 2

A. Raphic valve view (LM).

B. Araphic valve view (lm).

C. Raphic valve view (SEM).

D. Araphic valve v'iew (SEM).
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FIGURE 1B

Achnanthes speci es 3

A. Raphic valve vÍew (LM).

B. Araphi c val ve vi ew ( LM) .

Coccone i s placentula var. eugtyÞta (Ehrenberg) Grunow

c Raphi c val ve vi ew ( LM) .

Araphic valve view (LM).

Raphic valve view.showing structure of striae (SEM).

Araphi c val ve vi ew showÍ ng structure of stri ae (SEM) .

D.

E

F
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FIGURE 19

Cocconei s scuteì I um Ehrenber I
A. Raphic valve of fuil size frustule (LM).

B. Araphic valve of fult size frustule (LM).

c,D. Abnormal araphic valves indicative of potential
i n val ve structure i n unfavourabl e envi ronmental

(LM).

E. Raphi c val ve showi ng structure of stri ae, smal I

p'l asticity
conditions

valve (sfu¡.
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Cocconeis scutellum

A. Araphi c val ve

Cocconei s pedi cul us

FIGURE 20

Ehrenberg

view showing structure of striae (SEM).

Ehrenberg

B. Raphi c val ve vi ew ( LM) .

C. Araphi c val ve vi ew ( LM) .

Cocconeis pellucida Grunow in Rabenhorst

D. Raphic val ve view (SEM) .

E. Araphi c val ve, obl i que vi ew ( SEM) .
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FIGURE 2I

Cocconei s pel I uci da Grunow i n Rabenhorst

A. Raphi c val ve ( LM) .

B. Araphic valve (LM).

Cocconei s species 4

C. Raphic valve view (LM).

D. Araphi c val ve vi ew ( LM) .

Cocconeis scutellum var. stauroneiformis Rabenhorst

Raphic valve view (ll'l¡.
Araphi c val ve vi ew ( LM) .

Raphic valve, oblique view showing structure of striae (sEM).

E

F

G
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FIGURE 22

Rh oi cosDhaeni a cu rvata (rljtzrìn9 ) Grunow

A.

B.

RaphÍc valve, oblique view (SEM).

Girdle view showing the apical pore field at

pole of each valve (SEM).

"Araphic" válve,

fi ss ures (S EM ) .

obl i que vi.ew showi.ng rudrlmentary raphe

D. Gi rdl e vi ew s howi ng extent of septa ( LM) .

the basal

c
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Amphi prora s peci es I
A. Girdle view (SEM).

FIGURE 23

ll
Am hi ro ra al ata ( Ehrenberg ) futzi ng.

B. Val ve vi ew ( tlt¡ .

C. Girdle view (LM).

Amphora s peci es 1

Valve view of 'l arge frustule (LM).

Gi rdl e and val ve vi ew of smal I frustul e (SEM) .

D

E
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FIGURE 24

Amphora s peci'es 2

A. Val ve vi ew (SEM) .

B. Gi rdl e and val ve vi ew of di vi di ng cel I ( SEM) .

Amphora coffeaeformi s ( c. Agardh ) rützi ng

c. 0bl i que val ve vi ew (SEM) -

Amphora s peci es 4

D. Val ve vi ew ( LM) .

E. Girdle view showing complex valvocopulae (SEM) '
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F I GURE 25

Amphora s peci es 5

A. Val ve and g i rdl e vi ew showi ng compl ex val vocopu'l ae ( SEM) .

Amphora h alina Kutzi ng

B. Val ve vi ew ( LM) .

Amphora s peci es 7

C. Valve view (LM).

Amp hora proteus Gregory

D. Valve view (SEM).
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FI GURE 26

Be rkl eva ruti I ans (Trentepohl ex Roth) Grunow

A. Valve and girdle view (SEM)'

Di pl one i s abnormi s ( Castracane ) Thomas comb. nov.

B. Val ve vì ew showi ng surface detai I s (SEM) '

C. Val ve vi ew ( LM) .

Di I onei s smi thi i var. rhombi ca MereschkowskY

D. Valve view (LM).
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F IGURE 27

Caloneis excentríca (Grunow) Boyer

A. Valve view (LM).

Gomphonema constrictum var. capitatum

B. Valve view (SEM).

Gyrosigm a wans becki i (0onkin) Cleve

C. Valve view (LM).

Gyrosigma eximium (Thwaites) Boyer

D. 0blique valve view (SEM).

( Ehrenberg ) Grunow
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FIGURE 28

Maslgfti-e baldiik iana Grunow 'in Schmidt et al .

A. Valve view'(LM)'

B. Valve view showing septal chambers (LM)'

C. Valve view showing surface details (SEM)'
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FIGURE 29

Mastogl oi a bal di'i ki ana Grunow in Schmidt et al.
i nternal detaì I s i ncì udi ng septalA. Valve view showing

chambers (SEM).

Mastogloia pumila (Grunow in van Heurck) Cleve

B. Valve v ew of small form (lU¡.

Valve view of small form showing arrangement of ìarge and

small septaì chambers (LM).

Valve v ew of medium size form (LM).

Valve vÍew of medium form showÍng arrangement of large and

smal I septal chambers ( LM) .

Val ve vi ew of I arge size form ( LM) .

Val ve vi ew of 'l arge f orm s howi ng arrangment of ì arge and

smal I septal chambers ( LM) .

Vaìve and girdle views showing ex ernal details incìuding

the external openings of the septal chambers (SEM).

c.

D

E

F

G

H
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Mastogloia

F I GURE 3O

pumila (Grunow in van Heurck) Cleve

view of smal'l form showing ínternal

v j ew of 'l arge f orm showi ng i nternal

speci es 4

view (LM).

vi ew showi ng arrangement of septal

vi ew showi ng surface detai I s (SEÞl) .

A.

B.

Masto

Va'l ve

Valve

I oi a

Valve

Val ve

Val ve

detaî I s

detai I s

(sEM).

(sEM).

c.

D.

E.

chambers (LM).
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FI GURE 31

Mastogloia peraga'l 1iì Cìeve

A. Va'l ve view (LM).

B. Val ve vi ew showi ng arrangement of septal chambers ( LM) .

C.0b'l ique valve view showing surface details, including

the external openings of the septal chambers (SEM).
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FIGURE 32

Navi cul a dissipata Hustedt ìn Schmidt et al.

A. Valve view (LM).

B. 0bl ique val ve vi ew showr'ng surf ace detai I s (SEM) .

Di pl onei s ovalÍs (Hilse in Rabenhorst) Cleve

C. 0blique va'l ve view showing surface details (SEM).

D. Valve view of ìarge sl'ze form (LM).
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FIGURE 33

Navi cul a mari na Ral fs i n Pri tchard

A. Val ve vÍew (LM) .

Navicula ramosissima(C.A gardh) Cleve

B. Val ve vi ew ( LM) .

C. 0bl i que val ve vÍew showi ng surface detai I s (SEM) .

D. Ctose view of valve pole (SEM).
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FTGURE 34

Nav i cul a avenacea (erébisson) Cleve

A. Val ve vi ew ( LM) .

B. Valve view showing structure of striae (SEM).

N avi cul a di qi tul us Hustedt

C. Val ve vîew (LM) .

Navi cul a varrens i s Grunow in Schmidt et al.

D. Val ve view ( LM) .

Navi cul a I yra Ehrenberg

E. Val ve vìew (LM) .

Navi cul a di qi toradi ata ( Gregory) Ral fs i n Pri tchard

F. val ve vi ew ( LM) .

Navicula s pecies 26

G. Valve view (LM).

Navi cul a p seudi ncerta Gi ffen

H. Valve view showing structure of striae (SEM) '
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FI GURE 35

Navi cul a s pec'ies 31

A. Valve view showing structure of striae (SEM).

Navicula ostrearia (Gaillon) Bory

B. Valve view (LM).

avicula opuntioides Simonsen

C. Val ve

Pinnularia

view (LM).

boreal i s Ehrenber g

D. Val ve vi ew ( LM) .
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FIGURE 36

Plagiotropis lepidoptera (Gregory) neimer in Patrick & Reimer

A. Girdle view (LM).

Pl euros i qma speci es 2

B. Valve view showing valve outline and position (SEM).

C. Cl ose vi ew of central regi on showi ng overl appi ng raphe

fissures and distribution of loculate striae (SfU¡.

D. Close view of valve pole showing curved raphe fissure (SEM).



II
I

I

10Um A

50 pm

FIGURE 36

B

c



FIGURE 37

Pleurosig ma rri qi dum l4l. Smith

A. Valve view showing valve outline and position of raphe

B. Close view of central region showing central area and

distribution of Punctae.

C. Close view of valve pole showing typícal triangulate

termi nal nodul e.

(LM) .

Pl euros I C¡MA S pecies 5

D. Valve view showing valve outlÌne and positîon of raphe (LM).

E. Cl ose vi ew of central region showing centra'l area and

' di stri buti on of punctae ( LM) .

Trac h V nets aspeia ( Ehrenberg ) Cl eve

F. Valve view (LM).
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FIGURE 38

Baci I I ari a paradoxa Gmel r'n i n Li nnaeus

A. 0bìique valve view showîng internal details including

uneven distribution of f ibu'lae (SEM).

Campy I od i scus i ncertus Schmi dt in Schmidt et al.
B. Valve view (LM).

C'. 0blique view showing girdle bands and marginal canal

raphe system (SEM).

Campylodiscus daemel ianus Grunow tìn Schmidt et al.
D. 0bl ique vîew showing surface detaÍl

raphe system (SEM).

Camp.ylodiscus ralfsii l^1. Smith

and margi nal canal

E. Valve view (LM).
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FTGURE 39

Epi themia zebra var. saxoni ca ( rütti ng ) Grunow

A. Val ve vi ew shovlì ng posi ti on of raphe and arrangement of

stri ae and costae ( LM) .

B. Val ve vi ew showi ng septum formati on (LM) .

Nitzsc hi a vidovi chi i Grunow in Schmidt êt al .

C. Girdle vÍew (LM).

D. Val ve vi ew (SEM) .

Nitzschia constri cta Ra1 fs i n Pri tchard

E. 0bl i que vi ew showi ng di stri butÍ on of 1 arge poroi d areol ae

and margÍnal raphe on external surface (SEM) '

F. 0b'l i que vi ew showing i nternal val ve i ncì ud'i ng di stri buti on

of fi bul ae and the cri bra occl udi ng the poroi d areol ae ( SEM) .

Nir zschi a punctata (l^l . Smi th) Grunow i n Cl eve & Grunot,.t

G. Valve view (LM).
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IGURE 4OF

Ni tzschia fusoìdes Ehrl i ch

A. Val ve vi ew (LM) .

Ni rzschi a fonti col a Grunow in Cleve & Grunow

B. Valve view (LM) .

itzschia liebethrutii Grunow i n Cl eve & Grunow

C. Val ve vi ew ( LM) .

Ni tzschi a obtusa var. scal p elliformÍs Grunow in Cleve & Grunow

D. Val ve vi ew ( LM) .

Nitzschia species 12

E-H Val ve vi ew ( LM) .



FIGURE 40
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FIGURE 47

Ni tzschi a cl ausi i Hantzsch i n Rabenhorst

A. Valve view (LM).

Nitschia s i gma (rützì ng ) l^.l. Smi th

B. Valve view (LM).

Ni tzschi a
il

sigma var. rigida (Kutzing) Grunow.

C. Valve view showing valve outline and raphe position (LM).

D. Close view of central region showing distribution of

stri ae and fi bul ae ( LM) .

Nitzschia api cul ata ( Gregory ) Gruno$, i n Cl eve & Grunow

E. Valve view (LM).

Ni tzschi a acumi nata (l,.J. Smi th ) Grunow in Cleve & Grunow

F. Va'l ve view (Ll4).



FIGURE 41
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FIGURE 42

Ni tzschia obtusa l¡l. Smi th

A. Val ve view (SEM) .

Nitzschia s pecies 34

B. Val ve view showing vaì ve outl ine and posi tion of raphe

(LM).

C.'Close view of central region showing distribution of

stri ae and fi bul ae ( LM) .

Ni tzschi a di stans Gregory

D. Val ve vi ew ( LM) .

E. Girdle view (LM).
il

Rhopalodia i bberu I a var. prod ucta (Grunow) 0. Muller

F. Valve view (LM).

G. 0bl i que vi ew showi ng surf ace detai'ls (SEM) .
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FTGURE 43

Rhopal odia muscul us ( riltzi ng ) o

A. Val ve vÍew showi ng Porotld

Suri rel I a specìes 2

B. Valve view (LM).

C. Val ve vi ew showÌng surface detai I s (SEM) .

Su ri rel I a oval îs Brébisson

D. Valve view (LM).

Suri rel I a ovata Kutzi ng

E. Val ve vi ew ( LM) .

. Müller

areol ae wi th cri bra (SEM) .
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FIGURE 45
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FIGURE 46

lmm

Seed of Zo.stera sp. col l ected in the 0nkaparinga

estuary at 10km station, January, 7976.



GRAPH OF BLADE LENGTH FROM SHEATH vs TIME FOR

SUCCESSIVE BLADES FROM TI^JO TYPICAL SHOOT APICES

GROI^IING AT DIFFERENT TEMPERATURES

FIGURE 47
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GRAPH 0F VIABLE CELL DENSITY vs SUBS'ÍRATE t¡lDTl.|
tOR ASSTHBLAGES 0F 7 & 14 DAYS DEVELOPI¡IENTA 
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FIGURE 49

Left hand edge of 15 mm broad artificial substrate to

show concentration of attaching cells near edge (S¡¡'l).

Centre of the same artificial substrate to show lower

cel I densities (SEl.l).

Edge of 14 mm broad artificial substrate after 7 days

in culture to show concentration of Cocconeis cells,

as well as attaching cells, near the edge.
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FIGURE 50

A. Zostera blade surface after 1 day exposure at 2 km station.

Note coccoid bacteria and Cocconeis placentula var.

euslypta (SEM).

B. Zostera blade surface after 3 days exposure at 2 km

' station. Note presence of epiphyte species and some

detrirtus (SEM) .

C. Zostera blade surface after 5 days exposure at 2 km

station. Note presence of variety of epiphyte species and

a few motile species. Also clumps of detritus forming

near the poi nts of attachment between epi phytes and the

blade surface (SEM).

D. Zostera blade surface .after 8 days exposure at 2 km

station. Note formation of crust containing silt, detritus

and periphyton cells (SEM).
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FIGURE 51

A. Zostera blade surface after 14 days exposure at 2 km

station. Blade cells totally obscured by a dense mass

of periphyton cells, silt and detritus. Note majority

of celìs on the surface are of motiìe species (SEM).

B. Zostera blade surface after 3 days exposure at 10 km

station. Note presence of Cocconeis pel I ucida with

C. scutel lum (sEM) .

Zostera blade surface after 7 days exposure at 10 km

station. Note low density of epiphyte cells and pre-

dominance of Cocconeis cells (SEM).

c



FIGURE 51

H.t
rÊ
ä
r
\r

l
I

\

ê

I

f
, 100Hm 

,

c10Opm
B

To-¡ñ



FIGURE 52

Artificial substrate surfaces after incubation in water from

either the 2 km or 10 km stations kept at 20oC. Satinities

30.5 p.p.t. and 34.2 p.p.t. respective'ly.

A. 2 km water, 3 days incubation (LM). .

B. 10 km water, 3 days incubation (l-¡,1).

C. 2 km water, 7 days incubation (LM).

D. 10 km water, 7 days incubation (LM).

E. 2 km water, 14 days incubation (LM).

F. 10 km water, 14 days incubation (LM).
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FIGURE 53

Artificial substrate surfaces after incubation in water from

either the 2 km or 10 km stations kept at tzoC. Saìinitíes

30 .5 p. p. t. and 34.2 p. p . t. respecti ve'ly.

A. 2 km water, 3 days incubation (l-U).

B. 10 km water, 3 days incubation (LM).

C. 2 km water, 7 days incubation (LM).

D. 10 km water, 7 days incubation (LM).

E. 2 km water, 14 days incubation (l-t't).

F. 10 km water, 14 days incubation (LM).
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GRAPH OF TOTAL EPIPHYTE CELL DENSITY VS

TIME FOR 14 & 25-30 DAY OLD ASSEMBLAGIS

AT THE 2km STATI0N

EPIPHYTE SPECIES' PROPORTIONS FOR I4 DAY OLD ASSEMBLAGES

EPIPHYTE SPECIES' PROPORTIONS FOR 25-30 DAY OLD ASSEMBLAGES

A
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GRAPH OF TOTAL EPIPHYTE CELL DENSITY VS

TIME FOR T4 & 25-30 DAY OLD ASSEMBLAGES
AT THE 8km STATION

EPIPHYTE SPECIES' PROPORTIONS FOR I4 DAY OLD ASSEMBLAGES
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GRAPH OF TOTAL EPIPHYTE CELL DENSITY VS

TIME FOR 14 & 25-30 DAY OLD ASSEMBLAGTS

AT THE 10km STATION

FIGURE 57
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GRAPH OF TOTAL MOTILE SPECIES (CLEARED CELLS) VS TIME AND STATION
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Dimerogramma minor

Fragilaria pinnata

Li cmophora fl abel I ata

L. species 3
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Rhaphoneis surirella
var. austral i s

Striatel I a uni punctata
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A. species 2
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CORRELATIOII ¡,IATRIX OF THE 64 I4OST SIGNIFICANT

SPTCIES' CORRELATIONS ACCORDING TO ,LANGT3",

FROM THE 95 MOST COMMON SPECIES
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GRAPH OF VIABLE CELL DENSITY VS TIME & STATION
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GRAPH OF VIABLE CELL DENSITY VS TIME & STATION
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FIGURES 82-84

SCATTERGRAMS to illustrate the scatter of values obtained for selected

environmental variables with respect to the sampling stat'ion.
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FIGURE 85
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FIGURES 87.89

SCATTERGRAMS to illustrate the scatter of Total Cell Densities with

respect to selected environmental variables.
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FIGURE 93

A. Species' constellation based on correlation coefficìents of viable

cel I densi ties.

B. Spec'ies ' constel I ati on based on correl ati on coef f i c'ients of vi abl e

cel I proportions.

C. Species' constellation based on correlation coefficients of cleared

cel I proportions.
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-.26
-.28
-.24
-.t7
- ,33

.26

- .03

.23

-.02
- .04

-.02
- .05

.02

-.r2
-.04

.13

- .05

- .06

- .05

-.04
-.07

Î''IELVAR

- .03

.09

- .03

.23

-.03
.18

-.02
-.11

.09

.03

-.07
-.03
- .06

-.03
-.08

GOMCAP

45

SYNFULG

STRIAT

L I CFLAB

GRAMOC

LI C3

.22

.43 .47

.03 .05 .21

.26 .28 .19 -.01

-.03 -.01 .01 .36 -.07
PLAG SYNFULG STRIAT LICFLAB GRAMOC

- .04

-.04 -.03
.07 -.23 .04

-.02
- .03

-.02
- .05

.42

-.01
- ;04

.16

-.02
- .06

- .05

- .00

- .06

OPEPH

- .05

.03

- .05

-.05
.33

- .05

-.10
.?8

.29

.14

.03

.06

- .03

RHOI C

-.03
-.02
-.04
- .04

- .08

-.03
- .05

- .05

- .03

-.02
- .05

- .05

SYNPUL

03

33

06

02

MELSP1 ABREV

.t7 - .03 .r2 -.03 -.04

.05 -.05 -.07 .33 .05

:.00 .10 .48 .07 -.i5
.01 .10 .t2 .11 -.13

- .07 .02 - .03 .17 -.08
- .00 . 15 .20 .09 - .22

.19 .08 -.t2 .14 ,-.01

RHAPH CLIMAC SYÑIRTV DIMER SYNTAB

-.09
.01

.08

- .03

- .06

.27

LIC4
Tl
C)cÐm
(o
OtCorrelation coefficients for species' associations based on cleared cell proportÍons.




