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ABSTRACT

This work was undertaken to study aspects of the
distribution-of diatoms in the River Wear, and to equate
the changes in the diatom communities with changes in the
substrates and in river conditions. This investigation
waé extended to show the variation in cell motility, shape
and volume, from the relatively unpolluted uppei reaches

to the more polluted lower reaches of the river,
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l.1 Aims.

Because of the difficulties of describing and
comparing diatom communities containing large numbers of
species, the development of an objective method of'analysis
appeared to be a useful contribution to the field of diatom
ecology.

By the expansion of the data made available by such
a study, the diatom communities could also be studied in
relation to their cell biology.

Some degree of comparison with diatoms in the River,

Tees would be feasible, using the available data.




1.2 The River Wear.

The limits of the River Wear are considered to be
Wearhead, and Wearmouth Bridge, Sunderland (Pigure 1). It
is formed at Wearhead by the confluence of the Killhope Burn,
and the Burnhope Burn. The Burnhope Burn flows out of the
Burnhope reservoir, whilst the Killhope Burn rises upon the
watershed above Wearhead.

The distance along the River from Wearhead to Wearmouth
Bridge is 104 kilometreé, but 59 kilometres when the distance
is measured as a straight line.

Below Wearhead, the River Wear runs through mainly
arable farmland, passing through Stanhope,'Wolsingham, and
Prosterley. Disused lead mines with their spoil heaps are
found in this area, and there is evidence of former mining
activities in many of the tributary streams, in éarticulan,
the Rookhope Burn.

| The River Wear meets the more densely populated coastal
strip at Bishop Auckland, and flows on through Durham and
Chester~le-Street, until it meets the sea at Sunderland.
It is in this part of the river, below Bishop Auckland. that
pollution from industrial and domestic sources is heaviest.

Lamb Bridge, (at the ninety second kilometre from

Wearhead,) marks the highest point of tidal influence.







1.3 Lotic Diatoms.

The physiological requirements of diatoms vary greatly,
and thus the group is widely distributed through many
different environments. However, diatoms are apparently
ubiquitous in lotic environments throughout the world, and
are usually an important component of the algal populations
associated with such environments,

1,31 Biology of Lotic Diatoms.

Environmental Tactors. Lotic diatoms are continually
surrounded by flowing water, and their growth and survival
is dependant to a great extent on the characteristics of
this environment.

HeIntire (1966), in experiments using laboratory streams,
has demonstrated that a fast current favours diatoms, rather
than other algal groups. However, Cholnoky (1960), is of
the opinion that algal associations are affected more by
the fluctuations in oxygen content than by the mechanical
effect of water movement. It is possible nonetheless, that
particularly turbulent water flow is disadvantageous to
those filamentous diatoms which form long chains, and those
growing attached by mucilaginous stalks.

Other factors are 2lso important, e.g. the level of

mineral and organic nutrients (Chu, 1942), the nature of




the substrate (Pieczynska and Spodniewska, 1963), and
climatic factors. In a lotic ecosystem, the time factor
is especially important, since short periods of time may
witness great changes in ﬁhe environment, with coﬁcomitant
changes in the z2lgal popuiations (Butcher, Longwell, and
Pentelow, 1937).

Biology of Individual Diatoms. An additional factor
associated with the diatom community is the volume of the
cells comprising the commﬁnity. It is possible that the
greater surface area to volume ratio of the smaller cells
allows greater sudcess in competition for autrients, in
nutrient deficient waters. Liebman (1942), (in Fjerdingstad
1950), holds that the smaller the cell, then the more readily
the organism reacts to its environment. Johnson (1963),
says that the greater sensitivity of small unicellular algae
to antimetabolites may be explained by the large surface
area to volume ratio. After the reasoning of Johnson, it
is possible that larger cells, having a decreased surface
area to volume ratio:may be at less of a disadvantage in
nutrient rich waters, sincé nutrients may be readily
available from the habitat. In a survey of the neighbouring
R. Tees, (Butcher, Longwell, and Pentelow, 1937), it was

found that the small cells of Achnanthes minutissima were




very common in the relatively "clean" upper reaches of the

river, where larger-celled species were most predominant,
Motile célls may also be at an advantage'over non-motile

cells in waters with a 1argé amount of suspehdéd particles.

Non-motile cells will tend to be smothered by the continual

deposition of these particles, whereas motile cells are

theoretically able to migrate to more favourable positions

on top of the deposited silt and detritus. Those cells with

a large length to breadth ratio should be more efficient

in the performance of this than more rounded, or oval cells.

1.32 Diatoms as Pollution Indicators.

It has often been suggested that diatoms may be used as
indicators of pollution. However, Pjerdingstad (1964)
discards diatoms as being unreliable indicators of pollution,

with the exception of the Meridion circulare community, which

he regards as an indicator of clean water conditions.
Patrick, (undated), however, suggests that diatoms are a
convenient group to use as indicators of pollution, because
of the sensitivity of some species, and the abundance of the
group in lotic environments. |

This view is supported by Zelinka and Marvan (1961), who,
in a modified saprobity system, hold that many diatoms
reliably indicate levels of pollution, and express this

reliability as a "fidelity factor" ranging from one to five,
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Although the division of species into thése.arbitrary
categories musf'bé_somewhat subjective, it ishgn indication
~of the use of diatoms as pollution indicators.

The coﬁcept of indicator species, ﬁowever, may be
invalid. A postulated indicator may have wide parameters
of tolerance, so that whilst the species may reach a point
of maximum development in an optimum environmént, its
physiological requirements are such that it may also occur
in quantity in'other, suboptimal environments, e.g.

Nitzschia palea. This species, although widely regarded as

an indicator of pollution, can often be found in

agssociation with Meridion circulare. I+t is for this reason

that Fjerdingstad (1964) and Zelinka and Marvan (1961) doubt
the value of indicator species.

The many saprobic systems suggested by many workers,
e.g. Kolkwitz and Marsson (1908)(1909), Kolkwitz (1950),
Zelinka and Marvan (1961), Fjerdingstad (1964)(1965),
reflect the difficulties in the analysis of algal communities.
The present knowledge of the methods .involved in the use of
a systen reiying on the saprobic valencies of species, and
the classification of rivers by their saprobity, is too small
and confused to be of wide appvlication. Cholnoky (1960), holds
that the saprobic systems are untenable, since the saprobiec

categories were the result of the nitrogen content of the




water, rather than of the degree of pollution. )

1.33 Analysis of Diatom Communities.

It is often ﬁifficuit to demonstrate fhepsimilarities
.and differences. helween several communities merély-by lists
of +the component species and their relative'abundance? ;In
the past, workers have used this purely descriptive method
to compare'algallcémmunities from a range of habitats, e.g.
Butcher, Longwell, and Pentelow (1937). The results of such
methods are often difficult to interpfet, and there is also
a subjective element inherent in the methsd.

Purely descriptive methods also have the_@isadvantage
of not being easily presentable for- the rapid interpretation
of the resulis. The method proposed by Maucha (1932), uses
a simple diagram to express the percentage compositions of
natural waters. Such a method can be modiﬁed'to express the
composition of diatom communities, and would provide a means
of rapid visual comparison. Unfortunately, the diagram can
only accommodate a few species, so that_some form of drastic
selection Would be necessary. If a large number of species
were introduced onto the diagram, then the advantage of rapid
visual int;rpretation would be lost.

The statistical approach of-Pafrick,gnd Strawbridge (1963),
whilst eliminating the subjective element, will probably dbe |

of but limited use to the majority of limnologists, due 1o

its practical difficulties,



The present author is uﬁhappy with‘the'phytosociological
treatment given by Margalef (1949), since it appears to be
inapplicable to micro-organisms, énd it may also give rise
to a misleading nomenclature. For instance, he describes
the Melosiretum rivularis association, which is

characterised by the presence of Melosira varians. This

is a common and widespread community in rivers. However, .
10% of the communities described as Melosiretum rivularis

by Margalef, lacked Melosira varians.. The absence of this

species must surely indicéfe that these communities be

placed elsewhere, even though the assoéiated, sub-dominant

gpecies were the same as those. in true Melosiretum rivularis.

In the description of communities, due regard must be paid

to the dominant and mast characteristic species present,

rather than to species which might be expected to be present

but which are not. The communities described by Symoens

(1950), are too large to show small chaﬁges in the algai flora.
Butcher (1932), prefers to designate algal communities

according to the dominant constituents, e.g. the Melosira

varians-Navicula viridula community. This description is

certainly more applicable.than the phytosociological term
of Melosiretum rivularis used by Margalef.
. Ideally, a method is required which combines the minimum

of subjectivity with the maximum of ease in interpretation.

Of the systems available, a numerical method of comparison,
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based on the index of similarity suggested by Czekanowski
((1913)-in Greig Smith (1964)), would appear to approach

most closely these requirements.
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METHODS

2,1 Collection of Samples.

Between the bouﬁdaries_of Wearhead and Wearmouth Bridge,
mnineteen stations were chosen as parts of a sampling
programme (Table I). These sampling stations were chosen
so as to sﬁdw to tﬁe greatest effect, the influence of
progressive eutrophication on diatom communities down the
river.

The first sixteen kilometres of the river, from
Wearhead to Stanhope, (where enrichment of the relatively
Aobligotrophic waters Qccurs by fiel& drainage and small sewage
outflows), were sampled at approximately two kilometre
intervals. Thereafter, the river was sampled at approximately
ten kilometre intervals, except where a major pollution
source called for closer sampling, as at Bishop Auckland
(Table I).
| At'each sampling station, an attempt was made to sample
all the major habitats, and also any other important local
habitats. The most commonly occuming habitats, or
substrates, were'stones, mogsses, and filamentous algae.
Other substrates of a more local nature include blue-green

algal mats, mud, and submerged leaf litter.




- 11 -

No attempt was mgde to collect guantidative samples,
using the methods described by Douglas (1958), since the
considerable tiﬁe reduired=for such an épera%ion, would
necessarily have extended the time period over whiph the
sampling procedure operated.

In the case of the communities on filamentous algae
and algal maté, sampling was a simple operation of
carefully removing a part of the submerged thallus, and
pPlacing it in a suitable screwcap container.,

Mosses were sampled by squeezing out the water held
befween the leaves, and repeating the operation until all
the material had been expressed. The sample of moss was
repeatedly rewetted with river water, and the squeezings
caught in a screwcap container. This material forms a
flocéulent sediment at the bottom of the container,

Epilithic aigae were scraped off the stone by means of
a blunt pen-knife, and washed into the screwcap container
with river water. This method was. also used to sample other
epiphytic communities.on hard substrates, €.g. submerged
twigs.

Mud samplgs were collected by gently scooping the
uppermost centimetre into the collecting bottle, with minimal

disturbance of the underlying sediments.
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Table I . SAMPLING STATIONS
XNo. Km, Station
1 0 Wearhead
2 1.0 West Blackdene
3 2.7 Broken-Way Ford
4 4.4 Bridge End
5 9.2 Cambo Keels
6 10.5 above Rookhope Burn
7 13.7 - ' Briggen Winch
8 16.2 Shittlehope Burn
9 24.3 Wolsingham Bridge
10 26.3 Scotch Isle
11 35.2 weir above Witton Bridge
12 43.2 Newfon Cap Bridge
13 44.2 Jock's Bridge
14 54.2 ' Page-Bank
15 65.6 downstream of Shincliffe Bridge
16 70.6 Kepier
17 80.6 Cocken Bridge
18 92.2 Lamb Bridge

19 100.9 S.Hylton Ferry
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The sampling prog:amme_qa;_garried out on
3rd September 1966 (3/IX/66), during a period of low river
level, when consequenfly.more of the river bed was exposed
to sampling.

The mean daily water flow on 3/IX/66 was 199 cusecs
‘at Sunderland Bridge. The mean.monthl& rates at the smame
site were 377 cusecs in August 1966, and 266 cusecs in
September 1966. Peaks of 2700 cusecs and 2000 cusecs wWere
recorded in March and December respectively.

2.2 BExamination and Preparation of Samples.

solution, were examined microscopically prior to acid
treatment, in order to determine the presence of other,
non-diatomaceoﬁs components of the populations. A portion
of the sample was removed for cleaning.

The object of cleaning diatom material, (i.e. the
removal of occluding ofganic and inorganic material), is to
prepare the cells for subsequent microscopic examinétion.
The desired end—product is a suspension of diatom frustules
in distilled water. This cannot always be achieved easily,
especially in éamples containing a great amount of organic
Qaterial, or sand intimately associated with the diatom
‘Prustules.

The following procedure was found to give satisfactory

“~
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results:

l. Centrifuge the sample, and discard the supernatant liguid.
" If it was thought that the sample contained calcareous
material, a few drops of concentrated hydrochloric acid were
added, until effervescence ceased with excéss acid present.
Centrifuge again.

2. Add up to 1g. solid potassium dichromate to the residue,
followed by 5ml. concentratgd sulphuric acid, added drop by
drop. Allow to cool. -

3. Add, with great care, 100 volume hydrogen peroxide, a
few drops at 2 time, until little evolution of gas occurs
with further addition of hydrogen peroxide. If the reaction
is slow, allow to stand for several hours, or apply gentle
heat, taking care to guard against the contenis of the tube
frothing over the top. Centrifuge, and discard the |
supernatant.

4. Boil the residue for up to 4 hours at 1000, in a mixture
of concentrated nitric and hydrochloric acids, in a ratio

of 5:1. Centrifuge and discard the supernatant.

5. Wash thoroughly in distilled.watgr, and mount the
frustules by drying off a drop of the cleaned suspension on
a clean coverslip. The cleaned suspension can be stored
after the addition of a few drops of absolute alcohol.

This procedure, though lengthy, and at times troublesome
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due to violent effervescence, gives much more satisfactory
results than treatment with concentrated acids alone. Carter
(personal communication) revports that if, after boiling,

fhe suspension is still.somewhat dark, then addition of
sodium hydrokide t0 an acid free suspension, and almost
immediate decanting into an excesé of water, will aid in
cleaning. =vans (1961); also recomnends the use of sodium
hydroxide to deflocculéte the suspension. However, sodium
hy@roxide shou;d be avbided if possible, since dissolution
of silica occurs, which is particularly detrimental to those
forms with thin cell walls.

Mounting Media. When examining diatoms microscopically,

refractive index is used. "Hymount" was used in earlier work,
but its refractive index of 1.66 was found to be too low for
the identification of cfitical species. "Naphrax" (R.I.=1.75)
was found to give superioi definition, important whére small
diagnostic characters were_being examined.

2.3 - Counting Procedurec.

Tﬁe'pérmaﬁeﬁf ﬁréparations, mounted in "Naphrax'", were
examined using a Zeiss Standard GPFL microscope, with a
100x o0il immersion’ objective, and le.eyepieces. An Optovar
attachment gave 2 possible magnification of 2000x. The
cells were counted along random traverses across the microscope

slide, with the aid of a mechanical stage.
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Castenholz (1960), in an investigafion,into bepthic
algae in.certain N. American lakes, counted 300 cells in
any one sample. It is not clear whether this refers to the
number of valves counted, (i.e. 150 -cells), or to ‘the number
of whole géllé'(i.g. 600 valves). In the-present investigation,
éOO vél?eé wéie éodnted, (the eduivalent of 300 complete
qells). .

- After 600 valves had been counted, the slide was

searched for any species present in small numbérs, and which

were missed in the standard counting procedure.,
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2,4 Cell Volume and Motility.

are theoretically at least, capable of movement. Of the

genera found in the River Wear, the following possess a

'raphe:
Cocconeis
Achnanthes
Rhoicosphenia
Amphipleura
Frustulia
Gyrosigma

" Pleurosigma
Caloneis
Neidium
Diploneis
Stauroneis
Anomoeoneis
Navicula
Pinnularia
Amphora
Cymbella
Didymosphenia
Gomphonema
Denticule

Rhopalodia
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...... *.......Hankzschia
Nitzschia
| . . Cymatopleura
Surirella
Movement in those forms with but one raphe, e.g.
Cocconeis, and the attached forms, e.g. Didymosphenia, is
not a coﬁmon phenomenon, and is alwéys sioﬁér.tﬁaﬁ fﬁe rapid
movements seen in s;me of the forms with two raphes, e.g.

Navicula, Nitzschia.

Thé distfibufion of these various forms between the
substrates was examined, together with an analysis of the
shapée, (i.e. length/breadth rafio) of these forms.

The leﬁgth/breadth ratio yas-calculated for each
species by eiamining and measuring at least ten cells. Where
this was not feasible, due to the scarcity of the species,
cell dimensions quoted by several authors, were used to
calculate the length/breadth ratio.

2.41

At least five cells were measured for each species
whenever possible, but often, less than five cells were
present or available for measurement in the case of the
rarer species. Up to-twenty individuals were measured in

the case of the more common species, e.g. Navicula gregaria.

It was not possible to calculate the cell volumes for

all the less common species in the river, since many of
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the cells were not amenable to measurement.
Nevertheless, it was possible to calculate the cell
volumes of sevehty species.

2.42 Calculation of Cell Volume.

described by Castenholz (1960). The wvalve faces were drawn
to scale by means of a Reichert camera lucida apparatus.

The area of this valve face was determined by an "Albrit"
planimeter. In girdle view, many diatoms are rectangular,
and the cell volumés of these diatoms can be calculated from
the product of the girdle width and the area of thé valve

face. In diatoms where the girdle aspect is cuneate, g.g.

Surirella, Gomphonema, or irregular, e.g. Cymatopleura,

the méan‘width ;f the girdle was found ﬁy dividiﬂg.tﬁe-area'
of the girdle face (determined by the camera 1ucida and
planimeter) by the length. The product of this mean width,
and the aréa of the valve face gave, as above, the cell

3

volume. The cell volume is expressed in microns~”.
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2.5 Comparison of Communities.

In. the bresent.investigation, a numericai'method of
comparison is used,. .based.on the index of similarity
suggested by Czekanovski. = .

2.51 Outline of Original Czekanovski HMethod.

the number of species common to the two communities (A;B)

being compared, as a percentage of the mean number of species

in both communities:.

2c x 100 .
—_— = Index of Similarity
a+ b (Czekanovski)
wheres
" & = the number of species in community A
b = the number of species in éommunity B

C

the number.of species common té both.dqmmunities.

However, since'this éystem compares commﬁnities 6n the
basis'of the presence or absence of speciés, it will not be
satisféctory in compariﬁg communities which vary rather in
the relative abundance of the constituent species,

2.52 Adaptations of the Czekanovski method.

In the system adopted, Brisch-~Vistem 1000 item centre
punch cards were used. One punch card was alloted to each
community. The punch card is divided into 100 vertical

divisions, and each vertical column is divided into ten

horizontal divisions or ranks. Iach vertical column was
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to indicate the level of abundance of the species. In this
wvay, it Waé possible to compare the communities in respect
of 100 of the diatom species in the River Wear, and their
relative abundance. It will be noted that this necessarily
includes a comparison on the basis of presence or absence
of a species, |

The.abundance of a species was taken to be the number
of cells §f that species which occurred in the 600 cells
counted. It was measured on an arbitrary scale of 'Units

of Abundance':

Né. of cells/ . Units of
600 cell sample. ' Abundance.
1- 30 ' 1
31- 60 2
61-120 3 .
121-180 4
181-240 5
241-300 6
301-360. 7
361-420 8
421-480 9
481-550 10

Thus a species accounting for 500 of the 600 cells

counted in the sample, would warrant 10 units of abundance




in that community, and thus 10 holes in the vertical column
alloted to that species on the punch card.

On any one punch card therefore, the number of punched
holes represents the number of 'Units of Abﬁndance' in one
community. -

In the application of the modified Czekanovski indéx
of similarity, these 'Units of Abundance' take the place of

the species in the unmodified. form of this method,

Thus:
2c x 100
I — = Index of Similarity
a+ b (modified)
where:
a = number of 'Units of Abundance' in community A
b = number of 'Units of Abundance' in community B
¢ = number of 'Units of Abundance' common %o both

communities, A and B.

Since one 'Unit of Abundance! is equivalent to one
punched hole in'the punch card, tﬁe comparison of two
comiaunities is made by superimposing one card on the other.
The number of holes in common is the value "c".

Indices of similarity of communities from different
substrates were entered onto a]matrix, and ordinated to show
areas of greatest similarity, after the method of Sneath

and Sokal (1962).

A 1list of the species incorporated onto the cards is
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given below. (Table II) The compilation of such a list
from the greater nunber of species which occur in the River
Wear, could_not be done by random selection, since common,

or important species may have been excluded. Such species,

e+8. Cymbella ventricosa, and Navicula gregaria were

aufomaticéll& indiﬁdéd én the liéf,.and-the.femainder of
the 100 divisions were filled by random éelection from the
femaining, less common species.

Thus the 100 species selected for comparison include
all the common species, most of those species with a limited
distridbution, and'some of the species which occur in but one

community,.
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Table II

.1 Achnanthes conspicua

2 A. flexella

3 AJ lanceolata
4 .A. o ninutissima
5 A, ' pyrenaica

6 Anmphora ovalis

7 Amphipleura pellucida
8 A, rutilans
9 Caloneis bacillum

10 C. silicula

11 Ceratoneis arcus

12 Cocconeis pediculus

13 ¢C. "placentula
14 Cyclotella meneghiniana

15 Cymbella affinis

16 C. delicatula
17 C. ' leptoceros
18 ¢cC. microcephala
19 C. prostrata

20 C. sinuata

21 C. ventricosa

22 GC. helvetica -

23 Denticula tenuis

24 Diatoma hiemale
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Table II (continued)
25 Diatoma wvulgare
26 Diploneis ovalis

27 Bunotia exigua

28 E. lunaris
29 E. . tenella
30 EB. trinacria

31 Pragilaria intermedia
32 Prusitulia vulgaris

33 Gomphonema abbreviatum

34 G. . acuminatum

35 @G, angustatun

36 G. gracile

37 G. longiceps

38 @. olivaceoides
39 .G° olivaceun

40 G. parvulum

41 G. sphaerophorum

42 Helosira varians

43 H. nummuloides
44 Meridion circulare
45 Navicula anglica

46 .N. atomus

47 N. avenacea

48 N. certa
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. Table II (continued)

49 Navicula cincta

50 XN, .contenta

51 VN. gracilis

52 TN. gregaria

53 N. hungarica

54 N. - lapidosa

55 N. menisculus
56 N. minima

57 N. minuscula

58 N. muralis

59 N. . mutica

60 N. pelliculosa
61 N. pupula

62 N. schonfeldtii
63 . subhamulata
64 N. cryptocephala
65 UN. vitabunda

66 H. bryophila

67 Nitzschia acicularis

68 N. acuta

69 N. aéuminata
70 W. amphibia

71 W, comnunis

72 N. dissipata




Table II (continued)

73
4
15
6
17

18

79
80

81
- 82
83
84
85
86
87

88 '

89
90
91
92
93
94
95

96

Nitzschia dubia

N. fonticola
N.. frustulum
N.. hantzschiana
N. ignorata

N. kutzingiana
N. linearis

N. palea

N.. ' sigmoidea
N. staénorum
"N thermaiis
N tropica

N - apiculata.

Pinnularia .interrupta

P. microstauron
P. viridis
P. wijkensis

Rhoicosphenia curvata
Surirella angustata
5. biseriata
S. : ovata
Synedra acus

S. affinis

S. Tumpens
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Table II (continued)

97 Synedra ulna
98 s. vaucheriae
99 Tabellaria flocculosa

-100 Thallassiosira fluviatilis




- RESULTS

3; Motility.
3.1 .introductiona

biaf&m mofility in those cells with one raphe is
certainly possiﬂlé, in at least some speciesy but the
phenomenon is more usually regarded as a characteristic of
ﬁhé'Biraphideae. prever, since the lMonoraphideae are also
theéretically capable of movenment, albeit often siuggish
“and infrequent, the distinction between motile and
non-motile species has been made solely on the presence or
- absence of one or more raphe structures,

3.2 Epilithic and Eurhynchium Substrates.

The effect of these two substrates on the numbers of
motile cells in the first 43 Kilometres of the_River Wear
is shoﬁn in Table III, Thé epilithic substrates support more
motile cells thanm do the Durhznchlum substrates. At Km. 4.4,
997 of the cells present on the e0111tn1c substrate are
motile. The highest proportion of motile cells on the

Burhynchium substrate is 92.5% at Km. 9.2,

The mean figures for the flrst 43 Xilometres show that

on the epilithic substrate 89.4% of the cells are motile,

whilst on the Burhynchium substrate, only 73.1 are motile.

(Table III).



The fluctuations in the first 15 Kilometres are due

to variations in the numbers of Achnanthes minutissima,

which is particularly abundant.
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Table III

Distribution of Motile Cells on
...Different .Substrates . . - .

Unbranched green

Ko. Eurhynchium Epilithic filamentous algae.
0.0 71.0 77.0 85.0
1.0 61.3 - 72.5
2.7 80.0 94.0 5045
4.4 74 .0 99.0 97.0
9.2 92.5 91.0 -
10.5 . 79.0 83.0 64.5
13.7  83.5 90.5 -
16.2 88.0 87.0 69.0
24,3 89.0 975 -
35.2 88.0 | 91.0 -
43.2 73.0 | 84.0 : -
mean 78.1 84.0 137



3.3 Unbranched Green Filamentous Algal Substrates.

appears that the unbranched green filamentous algal substrate
supports fewer motilé cells than either the epilithic or
Burhynchium substrates. Prom the data, the .mean figures for

motile cells on this substrate-r is only 73.9%.




4. Shape.

4.1 Introduction.

By thé éiﬁﬁle methéds déscribed abovey the length to
breadth ratios of 66'potenﬁia11y motile spécies‘were
measured and calculated. Not all of these species were
observed to be motile in the samples coliehfeﬁ from the river,
but each species possesses at least one fully formed raphe
structure.

4.2 Comments on Length/Breadth Ratio.

species occuring in the communities which were investigated
with respect to cell shape. The species with the greatest

length to breadth ratio is Nitzschia acuta (31.0), followed

by Nitszschia sigmoidea (30.0), N. acicularis, (28.5), and

N. linearis (22.7). The lowest ratios were shown by

Surirella ovata (1.6), and Cocconeis pediculus (1.4).

Of the species measured, 40 have ratios lower than 4.5.
Of the remaining 26 species, with ratios of 4.6 and over,

13 are species of Nitzschia,




Table IV,
Nitschia acuta 31.6
N. éigmoidea 30,0
N, acicularis 28.5
X. linearis 22.7
N. ignorata 15.0
N. filifo?mis 12.0-
N. palea ' 9.0
Pinnularia wijkensis 7.8
Nitzschi; amphibia T.7
Cymbella cesati : 7.0
Nitzschia tropica 6.8
N. communis ' 6.6
Rhoicosphenia curvata 6.2
Navicula cryptocephala 59
‘ﬁitzschia frustulum 5.8
N. thermalis 58
Gomphonema olivaceoides 5.6
Rhopalodia parallela ' 5.6
Caloneis.silicula 5.5
Navicula gracilis , 5¢5
Pinnularia viridis 55
Gomphonema ‘gracile 5¢4
G. ' abbreviatum. 5.2

Amphipleura rutilans 5.0
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Table IV. (continued)
Caloneis bacillum
Gomphonema sphaerophorum
Navicula certa
N; contenta
Nitzschia kutzingiana
Pinnularia microstauron
Achnanthes minutissima
.Cymbella leptoceros
Gomphonema angustatum
Nitzschia dissipata
Cymbella parva
Surirella biseriata
Gomphonema parvulun
G. olivaceum
Navicpla avenacea
w. minima
Cymbella microcephala
C. delicatula
Navicula ménisculus
Surirella angustata
Navicula lapidosa
Nitzschia fonticolal

Cymbella prostrata

N N I Y
[ ) L] L) *
(9% N Ul Wt O\

4.3
4.0
4.0
4.0 -
4.0
3.9
3.9
3.8
3.7
3.7
3.6
3.5
3.3
3.2
3.2
3.1
3.0
2.8
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Table IV. {(continued)

Achnanthes lanceodlata:w . 2.8
A, - conspicua | 2.6-__
-Cymbella sinuata . ' 2.6
Navicula anglica , 2.6
N. mutica ' 2.6
Achnanthes pyrenaica - 2¢5
Amphora ovalis ; 2.4
Denticula tenuis 2.4
Navicula minuscula - 2.4
N. ' subhamulata . 2;4
N. . gregaria | 2.3
N. pélliculosa . 2.1
’N. atomus ; 2.0
Cocconeis placentﬁla - 1.9
Navicula muralis ' : 1.9
N. subatomoides | 1.9
Surirella ovata . | 1.6
Cocconeis pediculis C : 1.4

Cymbella ventricosa : 1.8



4.3 Xxplanation of Histograms.,.

The range of length to breadth ratios is divided into
7 ranks (Figure 2):

No. of species

1e4--1.9 - 6
2.0--2.4
2.5--2.9
3.0--3.4
3¢5--3.9
4.0--4.5

O W g =

4.6+ 26
The most common diatoms fall into the ranks at the

extremes of the range, e.g. Achnanthes minutissima (4.0),

and Cymbella ventricosa (1.8), ﬁhilst many'of fhe less common
species.fali into the ranks in the centre of the range. Thus
a histogram based upon these ranks tends to be biased towards
the extremes of the range. However, no other scheme for

the division of the range proved to be superior to the form
gdopted.

4.4 Effect of Substrate and Position Downstream on the Motile

Cell Component of the Community.

Figures 3-7 show the distribution of the potentially
motile cells of the various leangth to breadth ratios on 3

substrates,bat five sites from Xm. 0.0 to Xm. 16.2 Figure 8
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shows the situation on Tour epilithic substrates further

downstream than in’ igures 3i7;

Some of the more 1nterest1ng features ar1s1ng from the

.data are:

(a). The~epilithic'suhstrates Suppert‘a'larger number

of cells in the higher ranks, than does the EBurhynchium

substrate. It is'possible'thht the more narroﬁléelle, o8

.titZStha spp., are more fitted to moving through
-obstructihg-&e%rre than are-the widexr %Ormsf‘oﬂnseeond
eehtribhtory factor to the-di?férenbes'between the “two
substrates.are the iarger‘humhere of cells Wh;eh arelorten

attached, and which have smaller length tb’breadtheratios.

f(b), There;is a teedenejffer thefEErhynchihm substrate
tcjsupport.more metilevcegls.invthéimiddie rah?e’thah:e;ther
the epilithic erlthe unbraﬁche¢fgreen-ffhamehteﬁsfalgal
.substratesan .

(e ) The unbrancned green fllamentous.alpal substrate
is somewhat varlable 1n the lengtn to breadth ratlos of the
dlatons unen it as cempared fron s1te to 51te.”-This
varlabllltv may he ascrlbed to the lennth of the filament,
and to the denszty of the fllaments in the tuft.ﬁ In any case

thls substrete resembles the eplllthlc ratLer uhan the

ﬁurhyncnlum substrate, in tendlng to supnort more cells with

hlgh length to breadth ratlos,.rather than those with low




raﬁ%ps._

(d) °Specieé Withvé hi#her 1éﬁpth to breadfh ratio -
mlght have been expected to kecome more aoundant with
 progress1on downs$ream, due %o the postulated ease o?
'moyement of;thé forﬁef uhrouén the debrls deoo=1ted bv the
~Z'§batement of river current spéeds.- Figure'B shows»that
this is scarcely soy sihce with “the éxéeptioh of S.‘Hylton
_ferry.(lbd.9 Km.), there are;roughl& équai-nﬁmbers ong

eitﬁer side of the median line. The 81tuat10n at 100 9. Km.
should be considered . atypical in that the bulk of the
diatom cémmunity at fhis pdiﬁt is COmposed of the non—m§ti1;

. Melosira nummuloides..
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VOLUME,

5.1‘lInt:$duc£ioﬁ;
: By the metﬂéds QQSéribed afove, ié was bossible.to
calculate the average céli volhhe for 68 specieé §f diatoms.
:These values, expressed in}J3 are shown in T@Blé'v.

~

,+. '5e2 Comments -on Cell Volume Figures.

Interesting pointé-shown=ﬁy Table V are:

(a). The species with the greatest cell volumes are£

Nitzschia sigmoidea : (22,000)
Cymatopleura solea o (15,578)
Gymbe;lg.brostrata* , (10,178)

These three species are potentially motile.

(b). The species with ﬁhé.lowest cel} volumes are:

Navicula atomus : , (18)
XN. pelliculosa . | (22).
N. minima ' - (33)

{c). Between the two extremes, half the species have

*=¢;'#olgmes between 1O%p3 and lbOQp? (Figure 9),.and,most species

- (19), fall within the r?née_25l.p3F100Qp3.

' .(d); Achnanthes minutissima, a common-diétom, particularly

_in the upper reaches, has a.relati?ely low cell volume, (7Qp3).






(e)s It is noteworthy that Navicula gregaria (l44p3),

and M. cryptocephala (159p3), which have been shown above %o
have close length to breadth ratios, are also close tozether

in their cell volumes,




- 42 -

Table V. V _ : | M

Nitzschia sigmoidea N . 22000
Cymatopleura solea . o - 15578
Cymbella prostrata: ; ' 10178
Caloneis -amphisbaena o , 8827
Nitzschia dubia o o 5051
Surirella biseriata - .. 4256
Pinnularia viridis K : . - 4170
Thalassiosira fluviatilis | 3528
Cocconeis pediculus ; = 3245
Synedra ulné : T : 3250
Surirella_bvata ) | “ 3124
Nitzschia sigma o 2964 -
Melosira wvarians ‘ 2422
Gomphoneaa acuminatum J _ 2332
Melosira nummuloides ' ' 1997
Surirella angustata ‘ 1796
Navicula gracilis " : 1780
Diatoma vulgaris | | P - 1477
Nitzschia hungafica ( [ . > 'i409'
Ha&icula avenacea : _ : 1407
Rhoicosphenia curvata : o 1225
Nitzschia acuminata | : ' _ i166
Synedra affinis - .. 1080

Cyclotella meneghiniana . | ' © 1035
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3
Table V. (continued) | ‘/u

Nitzschia acuta 1029 *©
Cymbella parva 945
Ceratoneis arcus 835
Tabellaria flocculosa 800
Nitzschia linearis 793
Witzschia thermalis 790
Gomphonema olivaceoides 676
.Nitzschia dissipata 519
Meridion circulare 558
Nitzschia communis . ' 461
Cymbella delicatula 448
Nitzséhia fonticola 392
Bunotia lunaris 367
Cocconeis placentula 349
Fragilaria intermedia 320
Gomphonema angustata 307
Cymbella ventricosa N 293
Synedra vaucherii : 283
Wavicula anglica ' : 283
Amphora ovalis - 236
Navicula hungarica : 230
Navicula subhamulata ' 211
Denticula tenuis | 211

Navicula mutica 207
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Table V. (continued)

Cymbella sinuata
Navicula menisculus
Gomphonema parvulum
| Navicula cryptscephala
Nitgschia ralea
Najicula gregaria
‘Eunotia exigua
Acﬁnanthes.laﬁéeolata.
Navicula lapidosa
Navicula_minﬁscula
' Navicula cincta
Cymbelié microcephala
Achnanthes pyrenaica
‘Achnanthes minutissima
Gomphonema blifaceum‘
Synedra rumpens
Navicula mininma
Havycula pelliculosa

Navicula atomus

198
193
192
159
150
144
136
129
109
104
90
79
15
70
69
63
33
22

18
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53 ‘Efféct of Position Downstream on Cell Volume.

The average cell volume:of all pbpu%;tions at all sites

in the river were calculated (Table VI):

Table VI
Kn. | " Tolume p>
0.0 | 60
1.0 o 385
2.7 | | 331 .
4.4 ' ' ' © 143 -
9.2 . - S 220
'10.5 " o 338
13.7 | 353
16.2 o 332
24.3 t | 249
35.2 . 316
43.2 ' ' . 707.
44.2 - 697
54.2 S 404
65.6 737
70.6 o 835
80:6 - 911
_1ooQ9 ‘ - 1451

Figure 10 shows these reéults graphically. There is

.a definate trend towards an increase in cell volume with
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prog;esé downstream. The ﬁe%? between Km. 35.2 and
Km.-54.2 boinbideé with the inc;eéseqﬁpol%utipn ffom the
conurbation of Bisﬁop Apckla#dwandlits environs. This
. jpeak;is,followed @y a decline; probablj due to
r-éélf—purifigation-of the river. APber Pave Bank however,

(Km.~5452>, the average céil wolume 1ncreases-stgad11y,
.until the maximum.recofaéd v@iué_(l45p3);jat S._ﬁyiton
(100 9 kllometre) ‘

There is-a fivefold.in céll volume beuwéen Xn. 0.0

.and Km. 100.,9, and .a tenfold'difference between the lowest

value recorded (14}p ), and the hlghest (145y}), at

"Km. 4.4 and Knm. 100 9 resoectlvely.

5.4 Effect of Subsirate oqquil Volume..

Completé~data for two sﬁbétrates oniy is“available,

. these being the_gpilithid and the EurhynChihmﬁsubsﬁrates.
The aﬁerage.cell volumes of pépulations on these substrates

- appear in Table VII.
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Table VII.

Km, . | EBiliﬁﬂlﬁ Eurhynchium
0.0 ' '276 - - 274
1.0 < N 445
2.7 R 15§. | 296
4.4 ' 9L S 230
9.2 = . 205 ' ' 234
10.5 - o .465 . 15
13.7" : 2617 441
6.2 . 259 406
24.3 . 169, - o329
35.2 o 244. o . 388
43.2 7 556 o 859

 The average value for these ftwo sites are 215;13 for

. the epilithic substrafe, and ?81p3 fgr the Eﬁrhynchiﬁm
._Substrate. After Km. 43.2,:p§puiaﬁions oﬁ these two
substrates do aot always ocdﬁ# at tﬁe.same site; and the wvalue
u.of a cdmﬁarison between the fVO substrates after this point
is lost., -The tablé is shown graphically in Figure 1i,

From Figure 11 it will s seen that a?ione-éite'only

~does the population-on the épilithic subs¢rate exceéd the

Eurhynchium substrate in céll'VOlume, at XKm., 10.5. At every

other station, the Burhynchiun substrate is characterised

. \
by a higher cell volume,

The reason for this difference remains obscure, and
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Km. 44.2 and Km. 54.2. A"zehe of apoareat self-purification

.

from Km. 54,2 is accompanied by a decline in the volume

of N. avenacea..

A small increaseain tﬁeﬁvolﬁme of H. avenacea to 25%
at.Cocken Bridge (Km. 80.6) is probably partly due o the
added pollution of the fiver_by theGSewage Works of Durham -

1,

‘city, and its surrounding cohurbation. Tne"¢0mbined,.and

freshwater species,

3

increaeing-effec%s of salini%y and tidal 1nf1uence with

- progress downstream cause a decrease in uhe vplume.of this

Like N. avenacea, N. g eg arla is relatlvely unlmnortdnt
in the upper reaches of-thelriver, in terms. of pell.volume.

This species increases gradually in total volume until its

"maximum at Page Bank (Xm. 54@?)L Its subsequent behaviour

resembles N..avenacea in showing a secondﬂpeak,'smaller than

thé first, at Cocken'Bridge'(Kﬁ. 80 6), but decrea31np as

éstua;ine conditions become more propounced.

.

N. gracile, whilst occuring in small numbers throughout

the river, remains at a low'IeVel“of ébeut 2%-pf the population

o

: volume until Cocken Bridge (Xm. 80.6) whefe it reaches

its point oP may1mum develooment of 5p.

In Flgure 12, the toal volume of hav1cula SDD» expressed

‘as a percentage of tne-population volume,.is dominated by

N. avenacea, which occurs in relatively large amounts. However
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it is possible that both E;:avenacea'and N. gregaria can
be used as indicators of pollution, or. at least of
incréased-eutroppy in thefR@ Wear.

5.52 Nitzschia spp.

This large genus, well represented in the R. Wear,
contains seven species important in a study of wolume
relationships:

List of species at sites where they
reach their highsst numbers.

.o _ o volume-
"N. dissipata . -13.7 ~19e5
H. linearis . T16.2 -_6.5"
. fonticglg | ﬂ?4.3 3 2.4
N. palea 7 10.8
N. dubia | 7046 I - 2,0
N. sigmoidea : :80.6 ," - 12,3
N. acunminata - ' 100.9 | 2.5

In the upper part of the river, dboveeWolsingham
Bridge (Xm.24), H. dissibqﬁé is the most important Nitzschia
species in terms of volume CFigure 13). Between Km. 0;0—13.7,
where N. -dissivata reaches its maximum develspment of 19,5%
. of the averdge population Vqlume, thgre are sharp .-
flubtuatipns_in the_pbpulation leVels. Thesé_may be due
tqithe'effects of vafiaﬁle éfflﬁent qualiﬁy and quantity

from small sewdge works, and irregular drainage from farmland.



€1°614

wn
™~ .

DIYISZ}N

(@]
fre]

25

e o SR e o o o o o Gt ST ¢ G § DS e sl s S O
L I AR R R AL ALY

Eon_mm_v z —rmee
. ; .OW_UQ Z cesnerrrsen
:Bo:aam o_cumﬁ_z

.9WIN|JOA 19] |



- 51 =-.

A%'Wolsingﬁam Bfidge (km. 24.3j, N. fontigglg
-~ reaches 1ts max imum develonﬁent of 2 4p of the average
Do latlon volame. Th1s snecles is nresent 1n small
volumes (1ess than 1% of the average populatlon volume)
throuuhout the rlver; Also at Hols1ngham Brldge, E. palea
replaces 'N. @18312ata as the Uromlnent Jltzschla species.
Maximum development of XN. oalea is delayea until fm;v54.2,
where it is a little. over half that recorded for N;~dissinat§.
This*may-be caused by the.lérger numnber of 1arger.ce11ed
species in the population @f ihis-point.

| N. dubia éﬁd-ﬂs:ggggigiigvare present only in the
slower flowing, 1dwer.reachés of fhé river, and are
relatively minor coﬁsﬁituenﬁé of the population.

E._siomoidea,'with.itsllargé average cell volume

-(22,000p3) can influence %hé>popu1ation volume evén‘théﬁgh
.it-occuré in small nuﬁbers;. At its point of mazimum
- development at Km. 80,6_of i2;3% of the average population

volumé, only three cells were recorded.




5. 53 Cymbella SPDe

Flve species of mebella occur in suff1c1ently large
numbers, so as to 1nfluence volume relatlonshlps.

List -of species &% sites where they
reach their highest numbers

Km. . - %
C. microcephals . 0.0 0.3
g;(delicatula Lo 1.0 15.4
C. ventricosa 9.2 16.9
'g.“prostfata' : 9.2 2.6
C. sinuata . . © 35.2 3.0
Q; vqnfricoéa is the moét important species in the genus

- in a consideration of volumeﬁrelationships (Figure 14).
At the species-highest point’of development, at Km. 9.2, this

species constltutes 16. 9% of the average populatlon volume.,

The presence of large numbexs of C. ventricosa influences
the behaviour of the genus a; a whole (Figure.l4).
C. sinuata reaches maxiﬁum development at Km. 35.2,
of 3% of the averagé populati@n volume, with a secpﬂd smallex
peak of 2, 3% at Km. 44.2. In*the rest of the river, however,_

thls specles doe not rise above 2% of the average population

-volume. . _ !

c. delicatula reaches a peak of 15.4% of the average

ceil volume at Km. 1.0 where it replaces C. ventricosa as

the most important Cymbella species. The spedies is present
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at a low level throuﬂhout the rest of the river,

- c. mlcroceghala, a small celled sPecles (79p ) is

presentqln volumes renresentlnp les¢ than l ofwthe average
populatlon-volume.'~ | .

Erostrata Wlth its relatlvely 1arge cell ;olume
(10178p5) need occur 1n only small nunbers to constltute
”a_s1gn1f1cant fraptlon of th average populatlon volume.
QThe épeciés"éécﬁns_at,tﬁd sﬁat;dns ln_the 600 . cell samples,
at Km. 9.2, where it_ggns%iﬁutes 2,6%~offthe volumg, and
1.2% _a;t Km. 43.2. e |

- The overall pi;ture isld&minat;d'gy thélnrésencé of

C. venfrico§a~ but it is annarent that _ymbella snecles in

. general are more 1nnortant 1n less heav11y nolluted waters,

land that they are sens1twve wo salinity.
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5.54 Melosira wvarianse.
This species has been regarded as a reliable
indicator of B-mesosaprobic .conditions (Kdkwitz and Marsson,

1908); in’tﬁe R. Wear, M. varians does not appear in the
samples before Stanhope (Km;‘13;7), kFigure 15), and not
in significant VQlymes befor;~Km{ 35.2. After this point
in the river, the volume of this speciés ?ontinues to rise,
irregularly, until Km. 80.6,:when‘the volune deéreases

sharply with the increase in salinity. M. varians is

~rep1aced in the estuarine COpditions around Xm. 101 by

M. nummuloides, a brackish water species,
O . b B

Rhoicosphenia curvata.

This spécies is probébi? aniindicator.bf B-meéosaprobic
conditions, bhut this factor is bonfused by the substrate
requirements. R. curvatg.ishan_attached diatom, a
muéildginous tuﬁe or‘pad being the‘fbrm of atﬁachmeht. Fast
river fléw,'as athPage Bank (Km.'54.é),'may_inhibit the
colonisation of éﬁ ojheiwfséisqltablé-habitat. R. curvata
béha;es similarly to Mo vari#ns (Pigure 15), but reaches its
point of maximum development at Shincliffe Bridge

(Km. 65.6).
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COMMUNITY STRUCTURE

1

6.1 Infroductidn;: ' ys

Sessile distsms occur sn a Vaiietyfsf different
substrates,ﬂbut sonme. of thsse;subsfrates bsar typically
small populations, e.g. sand, gravel,;ana;supmsrgsd leaf
iitfer. The four substra%e; infestigatéd here,.ﬁamely

mosses, stones, unbranched green fllamentous algae, and

Cladophora, are those whlch usually support a 1arve and
hsalthy diatom pppulatlon, and whlch are . usually
" represented at the majorify'bf sampling stations.

.;6,2 Variation with Geographical- Location.

'_In compariné the coﬁmunitiés on differing substrates f
;iﬁ %hé river, st#ention must be paid to.the-mutual 
geographical ranges qf the substrates uqderCCSnsideration.

| The presence. or absencensf"the epilithic ssbst#ate is
i‘primar;ly dependant upon geomorp@ological-facfors,'whereas_.
'_;iving substrates’dépend.onis combinatipn'o& geomsrphsiogical
and,otﬁer fac%brs,:(gegl nutrients, 1ighf; %eﬁpe;ature, ete. )
The epilithic“suﬁstr%te is'éfesent at\msst’of ihe sites
sampléd,‘but:in'ﬁaryihé.dsgrees gfiimpoéﬁahse.

It may be p01nbed out that the absence of a particular

v

.4 % -
substrate from any sampllng statlon does not necessarily

indicate its absence from a:eas adjacent to, but outside
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the area searched. Tor instance, the absence of

Eurﬁxnchium'from sampling s%feé below Xm. 43.2 is not an
indicafion'qf:the.iimits dfjthis_subsfrate in- the river.
_Claddnhdqé, howe#er, is unbémmon in the river above the
" site where it is first sampled, at Km. 16.2.

The changes in communiﬁy as one proceéds.downstream
are usually gradual, and thus changes tagiﬁg pldce over a
smallldistance-may be overlooked. The cumulative effect of
fheée sﬁéll changes, howeve#, may bg considerable.v The
gffect of geographic.locatiqn may be seen in Figufe 16,
‘'where communities from thelfirst kkilométre are compéred on
tlie same matrix with commun;ties from Km. 35.2—44{2. A
- distance of 34 Kilometres seéparates the two groups;-

‘Trom the ordination it.is,appareht that the two groups
4o not have marked affinities. Only one COmmunity, a
‘Ehrhxhchium comnunity at Km. '35.2 shows .8ignificant
gffinities with the opposite group. It is also apparent
that the communities in the '19 kilometres f_roni Km. 35.2 to.
Km. 54.2 show a siightly gré#ter-affinity to.each-other than
do .the compunities in the first kilometre. Thus‘;n the
comparison of communities,‘if is imbortant to distinguish
differences due to substra#é.pr to some other ecological
facjor,_and.those due tolgebgraphical‘lécation.

In this present work, .those communities sampled on an

epilithic substrate share approximately the same
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" .geographical area as those sampled on the Eurhynchium
substrate, Thoée cdmmunitiés sampled'on.Cladopher.and
uhbiaﬁéhed fil@ﬁentogsjalgaé éhare a mufual range, but parts
of their ranges‘are.Sutside%thisncommon‘a:ea.'

6.3 The Bpilithic Substrate..

The communities té be fOund'on this_substrafe form a
.relatively>heterogenequs group, i.g. any community nay show
Sﬁly limite& similarities té'anofher community on_fhe

same substrate. The.epili%ﬁic substrate ié 1ia£1e tq
charnges @ue to the rate of stream flow, which Es a prime
factor in the rate of_settlément of organic particles borne
aléngnthéiriverg 'In_qﬁiet'itretches of Qheariver; these

" particles will ten& to settie out»ont§=fﬁe;substréte,
wﬁeieas in rapid éf;eam flow, these parﬁ@blés a¥e swept
along, aﬁd are not deposited.. Thﬁs %he:microtopogiéphy of
the:subétrate'maj_change,{partly as a result of tﬁe'cufrent
speed, éhd partl& due t§ thé gfdwth of microspoéip 1ehgths'
of filaméﬁtoustdlgae.

'As'a résﬁlt,‘the:epiiithié substrate may support a
thin, surfacé 1ayér'of'diét&ms‘eﬁcléséd in a mucilaginous
sheet, or aﬁthicklblanket of_détritus in which diatons
and other algge are freelj.imtermingléd.

The complex natufe:of tie épili%hic substrate is

reflected in the ordination Figufe 17,
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Thos§ cdmmunities sgmpied fall into two major groups,
one satellifé‘cbmmunity, and one solitary community.

The twé maﬁpr;groéps ii.g. those commuhities gannled
at Km. 0.0; 2.7; 4-4s_10o5,éni 9.23 13.7; 16.2; 24.3;
35.25 43.23 54.2) overlap, gna'hav; some similarity with
”eéch-otheru ‘ .

The satellite ccmmuni£§‘at_Km. 80;6 shows affinities
with the cqmmuhﬁty af Km.‘§4,2, buf has little in comnon
With the communities at the;othér sfations. |

The solitary COmmunifyiat Km. 100.9 is a brackish
water com@unity, with conéeiuéntly many’éstuarine‘and
marine forms anong its constituents.

| It is abpérent that gdm? factor is opefatiné at or

.about'Km; 9.2—19.5, which af?ecfs the epiliﬁﬁié communites.
In this reg}pn, at approximately Km. 10, is thé newly
"constructéd cement works, fhé opération-of which results
in pgriodical‘inéreases in'fﬁe amounts oprarticplaté
material in the river. It ﬁé_possible that there may be
some corrélation between the 'siting of the cement works,

-and the observed change in‘tﬁe epilithic diatom flora,

6.4 Eurhynchium Substrates,

-Burhynchium riparioides was chosen as.a substrate’
because it ig. the most common moss in the R. Wear. It is
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found in almost all parts of the river, but did‘nof occur
at some of the Qites samplpd. o

.This group of communities is relatively homogeneous,
l.g.;each community shows séﬁe affinity to most of +the
other communites.

The substrate is not so deeply affected by the dpresence
of increased organic varticles in the water, as the
epilithic communities. Som? organic.material is always
present in the .interstices of the plant, and the quantity
does not appear to change s%gnificantly. Any tendency to
a greater deposition of organic material is counteracted
by the mechanical effect of%tﬁe stre;m flow. This.situation
results in a substrate whicﬁ remains essentially the same
whereever it is found in th; river.

This constancy in the ﬁhysical aspects of the substrate
is reflected in the ordination (Pigure 18), on which is
recorded relatively high indices of similérity throughout,

Whilst recegnizing thig homogeneity, certain
Aaffiliations may yet'be seen within the group. .There is
one main group, those commuﬁities sampled at Km. 9.2; 10.53
13.7;;16.2; 24.33 35.2, which have very strong affinities
with. each other. | |

Besides the main group,'tﬁere are two satellite groups,

at Km. 0.0-1.0, and 2.7-4.4. Both these groups have

affinities with the main group, but not to each other,
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The relat;oﬁships of the so%itary community at
Km. 43,2 feméiﬂ'éroblemafiéal, but'it.dbes_have high indices’
of similarify withidther é&hﬁunitieg.on this sﬁbstrate,
.and should not therefore, be~¢ermea'"étjpiqal". |
From the ordination,‘it would appear thai conditions

in the river from Km. 9.2 to Km. 35.2 remain fairly constant

as far as the communities on Eurhynchium are concerned.

Communities outside this rahge appear to be slightly more

variable, but are, even so,'close to the main group.

6.5 Unbranched-Gfeen Fi;gméntous Aigallsubstrate;
The‘méiﬁ ééﬁstifuents.pf thisfsﬁbstiéfe:are

filamentous Chlorophyta. . The dominant genus éncounteied

was Ulothrix, the specie; of which were identified as

U. zonata, u. aequalis, U. ias?nulss,ma, and U. subtilis.

Other filamentous algae associated with the Ulothrix spp

were Qedogonium sp., Stigeoclonium sp., Oscillatoria .sp.,

(LT R e N i) -

- Lyngbya sp.; and occasionally Cladophora sp.

The unbranched green iflamentous #;gae substrate is
"set agide-from the Cladophora éubstrate, since whilst “the
thalli Sf the latter ére ﬁérd'and rigid; the‘thalli of -~
Ulothrix and its a;sociated filaments are both'ssft and

flexible, more mucilaginous, and generally of a smaller

diameter. There is an exception, in that OQedogonium

resembles the Cladqphora thailus_in:cértéin characteristics.
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| Epiphy¥es were not usuaﬁly foﬁnd.on.OSéillatoria and

Lingby;; o

The distinctiqn between the'tnbrancﬁed green filamentous
~algal substrate and.the epilﬁthic substgﬁte is $£teﬁ blurred;_
since short filaments of alg;e, iﬁ_partiéular Ulothrix spp.,
may Dbecome establishé@ on stones and rocks. Ever# attempt
has been made to sample.only.tﬁose communitiesbwhich caﬂ be
said.to be definately on of Ehese two substrates.

Tﬁe unbranched filamentéus ;lgal sﬁbstrate appears
to aét as.a sieve for.small organic particleé éuspen&m.ih
the'river;'an& these form a %ilm of potentiall& autritive
naterial around and betweeﬁ-the filaments. Thelfléxible
nafuré of the thalli.enables.the commﬁnity ffesent upon them
"to be aerated by the movement of the thalii with the water
mnovemnent. | ;

The comnunities on the unbranched filamentodg algal
substrate are a well definedé homogeneous.grouﬁ; (Fiéure 19) .
. The'communities sampled fall into one maior group, those .
“at Km. 0.03 1.05 2.7; 4.4;'16;5, é satellite°cohmuﬁi£y at
Km. 44.2, which shows a limited affinitj with the maih group,

and -a solitary community at Km. 16.2, This solitary .community

was sambpled on a filamentous .substrate which contained

Qedogonium 45 the dominant form. The morphological

Similarity'Qf the Oeédogonium :thallus to that of Cladophora
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has resulted in an epiphytic community which has few

affinities with the other communities on the unbranched
- - ’ .

filamentous algal substrate. It is. possible that those

communities on Oedogonium should be referred to Cladophora.

6.6 The Cladophora Substrate.,

From the data 1t is ev1dent that the diaton o C

communitieé aS&dciatéd with Cladonhqgg fqrm-a distinct

——v————— gt gt
4 -
“

group w1th its own characteristics. -Inithe R. Wear, fhese

communltles are: characterlsed by haV1nn dlhigh proportion

of Coccone;s'Dediculus,>an&125 Riggggjglg. In many cases,
the. Cladophora thalli areAa;mésf Egmpieﬁeiy;encrusted with
the cells of. these two spécﬁéé.'"g. Dediqﬁlus is the more
nhmé:ous of‘the.twq speciesglahd it may be significant that
the markedly.aréhéd.frustﬁlévis better able fé accommodate
itself to the wide Cladonhora thallus than is the more flat
frustule of C. placentula, Wh1ch is thus at a ‘theoretical

ecologlcal dlsadvantage in the colonlzatlon of this substrate.

" The dominance of Cocconeis spp.. does diminish however,

in those Cladophora communities in relatively slow flowing:
waters. Here, the ercrusting Cocconeis 'spp. are ousted by.
other, none eacrusting spécies. Less turbuleni conditions

in..these wateré?appea: to bé more favourable to attached

species, e.3. MéloSira Variéns, and Rhoidosnhenia curvata,

Free living forms are also better renresentea in these less
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turbulent conditions.

The dlatom communlbles on CTadonn ra are, therefore

capable of a w1de narwat-oa, altnoarh these same
communltles are d;f%erent in many ways to communities on
other substratesf_'Tals varlatlon.ls’shown in the
ordlnatlon (Plgure 20), where hal: of the comnarlsons made
.fall below the level of 50% s1m11ar1ty. Tnere are two
_naJor nroups.-‘: S ':;""
'( )' ThOSe COmmnnities;samnIea aﬁth. 16 2.

S )

'(11) Those comnunltlee samoled ‘at Km. 39 2; 43.2;
44423 70.6. | :

anefe are limited relééidnsﬁips;betﬁeen:these,two
Wgronpsi-bwt fhdge eemmunitiée;éampied.at,Kn..16;2:appear
.'¥o be‘significantly-dieeimilnr to the seeondfmajef group.
Nézsetisfactory eXplanatﬁon Ean be~e?‘éred, %ntvif is
pos31ole that the inflow of the Shlttlehope Burn at this
-p01nt may be of s1?n1fxcance._ '

o Theré is also ‘A sateTllue commanlty at Km. 9é.2 with
afflnltles w1th the second maaor gToup (11) |

6. 7 Relatlonshlbs between the Epllluhlc and the Eurhjnchlum

Substra$e3a B Jy-: '~'ﬁ,~. L

A comparlson of these bwo grouns of communities, shows
the stron" afflnltles between them (Flgure 21). The

communities in elther group-snow as much relatlon to the
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communities in the.other group as they do to the
communities within ite own group. On this analysis
theréfore, it is not possible;to dis£inguish the two. 1In
tﬂesé two;groués,.the efféét of the substrate apﬁears to
beqéithér:negligable,:or aimilarléo bothe.
The différences bétweén the fwo'g?oups of populations

.bec;ﬁe.progressively diminished_ﬁith fassage'downstream.
If the-indices of similariéy aréxégmﬁuted énd ordinated as

h (Figure 22), it is-appaﬁeﬁtﬁjhat the?é-isha trend to a
higher aVerage'value in the ioWer left hénd.cdrner
(representlnw the stdtlons samp1ed in the lower parts of the
rlver.) leerse, there is an onp051te trend to lower average.
;value in the upner right hand corner, (whlch renresents
those stations sampled 1n the upper parts- of the rlver.)
Ehis-phehbmenqn may be due'to'the more un;form ecolog;cgl
conditiong which are encouﬁtered in sloygr\moviné”waters.
The logical progreséiﬁn df ihis thgory; a"situatéqn'whefe
';11 noss1b1e substrateo.afe'occupied by %He‘same.community_
- may mnever be reached in’ tne R. Weaf; due to the effect of
far—reachlno ch;n:es brouwht about by tne proaresswon into
bracklsn, estuarlne ﬁateré._

6.8 Relatlonshlp_,between the Unbranched Green Filamentous

Algal and the Claddnyora Substrates.
A comparison of these two groups, (Figure 23 ) shows

then to be quité distinct from each other. There is little
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similaritywwitﬂ'éaéﬁ other, with the exceptioh of one’

community. The excepted community, sampied dn'0engonium

- at Km;"44.2, resembles those communities on.Cladophora
fmofe élosely than those on the unbranched subsirate.

‘However, a commﬁnity on Qedogonium at Km. 16.2 appears

to be quite dissimilar to all other communities excepnt
those Cladophora communities also occurring at Km. 16,2, .
This group of communities at Km. 16.2 appear to comprise -

"L a separate entity, -and yet show a 70% similarity with a .

‘communify on Ulbihrix ienuiséima at Km. 0.0,
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TAXONOMY

7.1 |

As a result of the investigation, 168 diatom sﬁecies
were -identified in the River Wear. An account of“these
" diatoms andhfﬁeir distribution in the River VWear is set
out in Peabody and'Whitton'(l968).

Aq'ihteresting-point arisiné ffom this account is the
.-ﬁossibility of coﬁfusion between N. gregaria and

E.-cryptocephala in invesfigations.on other river systems.

Figure 24 shows: the characteristic appearance of
H. gregaria in the R. Wear, in particular the assymetrical
central area and the longitudinal striatiors, which serve

to separate these two species.
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DISCUSSION.

8.1
The difficulties involwed in the analysis of diatqﬁ

communities, and the need for a more suitable method of

‘comparison have been outlined above. The present author

believes that the adaptation of the method suggested by

' Czekanowski ((1913)- in Greig-Smith (1964)), satisfies this

need. Advantages of this method are that it provides an
objective approach, with an immediate visual assessment of
the results. It also appears to be suitable:for use with
communities of micro-organisms. A digadvantage is, that
to be totally objective, all the species occuming in the
two environments or communities should be taken into
consideration. However, when a large number of species is
involved, the use of a punch card system becomes unwieldy,
and the data would probably require analysis by computer.

The results have shown that the communities on the

epilithic and Burhynchium substrates have much in common with
each othery; despite certain differences in the nature of the

substrates (Figure 21). Any explanation of these phenomena

must largely be a matter of some conjecture,'sinde

detailed studies of environmental factors were not carried
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oute.

Howevér, since '"gross" ecological fﬁéfdfs'(g.g. light,
temperature, nﬁtrienfs, etc.,) are operating.on all the
substrates equally at the same site, then one must conclude
that some factor or factors are operating .in the
micro-environment immediately surrounding the commnuaity.

Some factors which wmay operatémon the:
micro—-environment and which may affect the community through
.the substrate ares

(a) Microtopography.

(b) Rate of water flow within bhe systemn.

(e) 0,/C0, balance within the system. |

(d) Bafe of nutrient removal by a living substrate.

Thé effects of these factors on the community are
difficult to demonstrate., However, it has:been shown above,
(Figure 23), that +the major difference between the
éommunitieé on Cladoohora and those on unbranched green
filamentous algae is the greater amount of Cocconeis

pediculus on Cladophora. This species, with its large,

arched valves, dppears to be better adapted to the broad

and relatively rigid Cladophora thalli, than to the smallerx

and more flexible Ulothrix thalli,

The rate of water flow within the system affects all

substrates, in particular those living substrates which are
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continually removing nutrients etc., from. the
micro-environment. Any effect due to this factor should

be most apparent in a comparison between the communities

on the epilithic and on the Eurhynchium communities. It is

indeed probable that this is a contributory factor %o the

‘difference between these two communities, but its effects

would appear t¢ be slight.

Such differences as there are between these two
comnunities are probably better explained in:terms of the
mechanical action of the water flow on thé substrates. The
epilithic substrate supports a larger number of motile

cells than does the EBEurhynchium subsitrate, especially the

more narrow species (Figure 3-7). The settling of
particles onto the epilithic substrate may encourage the

greater numbers of motile cells, whereas the Burhynchium

fronds, which are continually agitated by water flow

3

preventing excessive silting, is able to support higher
numnbers of non-motile cells.

The Eurhynchium also supvorts more cells with a higher

cell volume than does the epilithic substrate (Figure 11).
The reason for this remainsg obscure, and further studies
outside the scope of this present work would need to be

undertaken,

It is evident that geographical location must be taken




into consideration. Although differences between the
substrates are small over short @istances, over larger
distances, the communities shéw marlkked changes (Figure 16).
An interesting point arising from the comnarisoan of the .

Burhynchium and epilithic substrates is, that the

cémmunities on these substrates tend towards similarity
with progression downstream (Figuré 22). It is
tentatively suggested that this is at ieast partly due to
more uniform environmental conditions.

The increaée in the numbers of iarger celled species
.With progression downstream (Figure 10), supports the view
of Liebman ((1942) -~ in Fjerdingstad (1950)), and Johnson
(1963)4'Munk and ﬁiley ((1952) ~ in Hutéhiﬁson (1967)) also
hold fhat small size is ﬁetabolically advantageous, ‘fhe
remits of their work indicate that spherical and flat
discoidal forms are at a consideravble advantage over
cylindrical forms, when uptake by an organism in turbulent
water is considered. Conversely, cells with large volumes
are at less of a disadvantage in a nutrient rich environment.

The individual aiatom species which are the most

important with regards to volume aret




Km.
Cymbella ielicatula 1.0
C. ventricosa ‘ 2}7-35.2
Nitzschia dissipata 2.7=13.7
Melosira varians 44.2-80.6
Nitzschia palea 54.2
Navicula avenacea 54.2=-80.6
Rhoicosphenia curvata 65.6

Peabody and Whitton (1968), compare the diatoms of

the R. Wear with those of the R. Tees,
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ALGAE OF THE RIVER WEAR 1. DIATOMS
A. ]. PEABODY* AND B. A. WHITTON
(Department of Botany, University of Durham)

The algal flora of British rivers has seldom been studied intensively, and the only
fast flowing one for which there is a comprehensive account is the R. Tees. Butcher,
-in Butcher, Longwell and Pentelow (1937), concluded that diatoms accounted for
70% of the total micro-organisms in the R. Tees, and he dealt with this phylum in
_some detail. Recently the diatoms of the R, Tees have been surveyed again by Whitton
and Dalpra (in press). They concluded that of 148 diatoms listed, there were only-
five detectable changes in abundance between the two surveys, none of them involving
dominant species. As the floristic composition of the R. Tees appears to have changed
little in over 30 years, it was therefore decided to see how great is the difference
between this river and the river immediately to its north, the R. Wear. Since Butcher’s
survey a considerable literature has been published on diatoms from rivers in other
parts of Europe and North ‘America, but little on attached diatoms of British rivers.
The following introductory account of the epilithic and epiphytic diatoms of the
R. Wear is presented for comparison with the previous literature, and as part of a
general survey of this river.

The data for each species is glven under the following headings:

(i) Morphological and taxonomic comments.

(ii) Records made as part of an intensive survey carried out on 3rd September, 1966
(3.1x.66). Diatom samples were taken from each of 19 sites. At each site material
was collected from a range of habitats chosen subjectively to give a representative
picture of the epitlithic and epiphytic diatoms present. The 19 sites are referred to
in the text simply by their distance from the start of the river, and are as follows:

km 0.0 Wearhead km 35.2 weir above Witton Bridge

km 1.0 West Blackdene km 43.2 Newton Cap Bridge

km 2.7 Broken Way Ford km 44.2 Jock’s Bridge -

km 4.4 Bridge End km 54.2 Page Bank

km 9.2 Cambo Keels km 65.6 downstream of Shincliffe Bridge
km 10.5 above Rookhope Burn km 70.6 Kepier .

km 13.7 Briggen Winch km 80.6 Cocken Bridge

km 16.2 Shittlehope Burn km 92.2 Lamb Bridge

* km 24.3 Wolsingham Bridge km 100.9 S. Hylton Ferry
km 26.3 Scotch Isle

600 cells were counted for each site and these are referred to as the ‘total diatom
population’ for that site. Diatoms not recorded under this heading were not found
on this date.
(iii) Specific records for other dates (included only if of particular interest).
(iv) Tentative generalizations, where possible.
(v) Interesting comparisons with the literature or other comments.

CENTRALES

Melosira nummulozdes (Dillw.) Ag. (i) Chains of cells 12—20 p diameter (ii) Furthest
upstream record at km 80.6; formed the majority of cells at km 100.9 (FI1G. I)
(iii) Abunidant on 26.v1.66 at Glasshouse Hill (km 104.2). Not recorded from
R. Tees, although Butcher’s lowest station was in the tidal reach,

M. varians Ag. (i) 8~20 p diameter (ii) Furthest upstream record at km 16.2, in
very low numbers; gradually increased in relative abundance to maximum at
km 70.6 (iv) M. varians appears largely to be replaced by M. nummuloides in
the estuarine region.

Sceletonema coszatum (Grev.) Cleve (iii) A few cells on 27.v1.66 at Glasshouse Hill
(km 104.2).

Thalamosara ﬁuvxanhs Hust. (i) 18-20 p diameter (ii) A few cells seen at km 65.6,
km 70.6, km 80.6

Cyclotella meneghiniana Kiitz. (i) 9-18 p diameter; the smallest cells found are

smaller than the lower: limit of 10 u given by Hustedt (1930b). C. k#tzingiana

Thwaites was not recorded from R. Wear (ii) Found in the lower part of the

river, at and below km 65.6, forming 2-4% of the population.

Actinoptychus splendens (Shadb.) Ralfs (iii) On 27.v1.66 at Glasshouse Hill (km 104.2)

on Pilgyella.

* Present oddress: Fi ic Sci Laboratory, Preston, Lnncnshlre.
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PENNALES

Tabellaria fenestrata (Lyng.) Kiitz. (i) 30-140 p. X 3-9 w (ii) five cells seen in samples
from km o0.0.

T. flocculosa (Roth) Kitz. (i) 16-25 1 long; 6-10 u wide in the centre and 3.5-4.0 p
at the poles (iv) Present throughout almost all the river, occurring as single cells,
or in small numbers.

Grammatophora serpentina (Ralfs) Ehr. (i) 25-180 n X 12-18 p (ii) one cell noted
at km 80.6 (ii1l) Common at Glasshouse Hill (km 104.2) on Pilayella on 27.v1.66.

Licmophora ehrenbergii (Kiitz.) Grun. (iii) At Glasshouse Hill (km 104.2) on Pilayella
on 27.VI1.66.

Meridion circulare (Grev.) Ag. (i) 16-39 ¢ X 3-6 p; somewhat narrower than the
width range (4-8 p) given by Hustedt (1930b). The var. conmstricta (Ralfs) v.
Heurck also present (ii) Formed 5% diatom population at km 0.0, decreased in
relative abundance on passing downstream; solitary cells only found in the tidal
reaches (iv) Possibly relatively more abundant in early spring, at least in the
more polluted waters (v) Described by van der Werff (1957) as an ‘oligohalobe’
and rheophilous. Fjerdingstad (1964, 1965) places this species in his class of
saproxenous organisms, i.e. those generally occurring in biotopes other than
polluted ones, but which may also be found in the presence of moderate pollution.

Diatoma wvulgare Bory (i) 20-50 ¢ X 6-12 y; ribs 7-8/10 u. No attempt made to
separate this variable species into its named varieties; at one extreme the forms
approach D. elongatum (Lyng.) Ag. (ii) Throughout the river, but most abundant
at km 1.0, where formed 6% diatom population (iii) A frequent organism
throughout the river at all times of year (v) Fjerdingstad (1964, 1965) classed
this species as saprophilous, but it does not show any such tendency in either
the R. Wear or R. Tees. It is frequent in some unpolluted tributarics of R. Wear,
e.g. Burnhope Burn.

D. elongation (Lyng.) Ag. (ii) Two cells seen at km 43.2 and km 92.2.

D. hiemale (Lyng.) Heiberg (i) As var. mesodon (Ehr.) Grun.: 12-20 p long and
6-12 p. wide (ii) Occurred sporadically, more common above km 35.2.

Opephora martyi Heribaud (i) If the heteropolarity is not well pronounced some
confusion may arise between this species and Fragilaria spp. (iii) At Glasshouse
Hill on Pilayella (km 104.2) on 27.V1.66.

Ceratoneis arcus Kiitz. (i) shape very variable; includes var. amphioxys (Rabh.) Brun.
2.5% of the diatom population at km 1.0 (iv) Frequent throughout the year
though always more abundant in the upper reaches.

Fragilaria intermedia Grun. (i) 24-34 ¢ X 2.5-5.0 w; striae 11-12/10 . This species
is not readily determined from the girdle aspect, a problem with many Fragilaria
spp. Petersen (1938) in fact considered that F. intermedia is identical with Synedra
vaucheriae, and united the two under F. vaucheriae (Kiitz.) Petersen (iv) One
of the more important diatoms of the river, though more abundant in the upper
reaches.

F. construens (Ehr.) Grun. (i) As fo. binodis (Ehr.) Grun. (ii) A few cells seen at
km 70.6 and km 80.6.

F. pinnata Ehr. (i) As var. lancertula (Schumann) Hust. (ii) A few cells seen at
km 70.6, km 80.6 and km 100.9.

F. brevistriata Grun. (iii) Seen only once at Lumley Bridge (km 88.1) in September
1965.

Asterionella formosa Hass. (ii) One cell seen at km 0.0 (which is however below
Burnhope Reservoir). .

Synedra ulna (Nitzsch) Ehr. (i) A range of forms occur; perhaps the most clearly
delimited is var. oxyrhynchus (Kiitz.) v. Heurck (ii) Present at almost all stations,
though more common in the upstream ones; 2% diatom population at km 0.0
and km 2.7,

S. acus Kiirz, (ii) Single cells seen at km 1.0 and km 4.4.

S. rumpens Kiitz, (sensu lato) (i) This taxon is used here as a receptacle for the
smaller Synedra species, where the shapes of the frustule and of the central
area are both variable. Cells approaching typical §. minuscula Grun. and
S. amphicephala Kiitz. were met. An objective separation into the various species
could probably be obtained only by numerical methods (ii) Occurred throughout
the river, but more abundant in the uppermost three kilometres (iv) The previous
statement is probably applicable throughout the year.
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S. affinis Kiitz. (i) Occurred at various sites in very low numbers; more common
below km 43.2.

S. pulchella Kiitz. (i) Both type and var. lanceolata O’Meara present.

S. vaucheriae Kiitz. See F. intermedia above.

Eunotia bigibba Kiitz. (i) As var. pumila Grun. (iii) Noted once, at Durham (km 67.6)
on II.X.65.

E. exigua (Bréb.) Rabh. (ii) At various sites, but most frequent from km 9.2 to km 24.3.

E. lunaris (Ehr.) Grun. (i) As var. subarcuata (Nég.) Grun. Typical cell: 32 1 x 4 T
striac 16/10 p. (ii) A few cells noted from widely separated sites.

E. pectinalis (Kiitz.) Rabh. (i) Only cell: var. minor (Kiitz.) Rabh. fo. impressa (Ehr.)
Hust.: 52 X § u, striae 15/10 . (ii) km 16.2.

E. polydentula Brun. (i) As var. perpusilla Grun. (iii) A few cells seen at Lamb
Bridge (km 92.2) on 23.111.66.

E. tenella (Grun.) Hust. (ii) Single cells seen at km 2.7 and at km 10.5 (above the
entry of Rookhope Burn).

E. trinacria Krasske (ii) One cell at km 43.2.

Cocconeis pediculus Ehr. (i) 19-31 u long, 10-23 1 wide (iv) An abundant epiphyte
in the warmer months, in particular often smothering Cladophora glomerata
(v) Due to the rapidity with which this organism can grow and the density of
the covering it can form on Cladophora it seems likely that this species will
prove one of the most ecologically important in the river. Although occasional
cells of Cocconeis pediculus are found in other habitats, this is more restricted to
the epiphytic habitat than any other species.

C. placentula Ehr. (i) 16-22 (—35) w long, 8-11 (—20) p wide (iv) Usually associated
with filamentous algae other than Cladophora.

C. diminuta Pantocsek (i) The one valve noted was 12 X 8 p and had striae 10/10 p
on the rapeless valve (iii) Valve found at Durham (km 67.6) on 17.1x.65.

Achnanthes minutissima Kiitz. (i) 820 p X 4-6 p; some forms approach var.
cryprocephala Grun. (ii) Throughout the river, and an important constituent of
the diatom population from km 0.0 to km 35.2, reaching 73% diatom population

“at km 4.4.

A. affinis Grun. (ii) One cell at km o.0.

‘A. lanceolata Bréb. (i) 8-20 p X 4-6 . The fo. ventricosa Hust. also occurs, a
typical cell being 35 X 12 p, striae 13/10 @ (iv) The type occurs in small
amounts throughout almost all the river; the fo. ventricosa 15 less common than
the type.

A. pyrenaica Hust. (i) 11-12 @ X 4-§ p; striae 23-26/10 p. The alga agrees with the
description by Hustedt (1939), except he recorded the striae as 21-25/10 p
(ii) Fairly common between km 4.4 and km 16.2; less common than elsewhere
(v) This is apparently the first published record of this organism in the British
Isles. Judging by recent European literature this may be a relatively common
species which is usually included elsewhere.

A. brevipes Ag. (i) var. intermedia (Kiitz.) Cleve. Typical cell from km 100.9:
32 X I3 p;striae 10/10 p. (ii) One cell at km 80.6, but quite common at km 100.9.

Rhoicosphenia curvata (Kiitz.) Grun, (ii) A single cell at km 0.0, but otherwise not
noted above km 43.2; most abundant at km 65.6 (iv) A frequent epiphyte,
especially in the middle reaches of the river and on Cladophora. It is perhaps
especially abundant in spring before dense populations of Cocconeis pediculus
have developed.

Amphipleura pellucida Kiitz. (ii) One cell noted at each of km 4.4, km 13.7, km 70.6.

A. rutilans (Trentepohl) Cleve (ii) Present at km 80.6 and km 100.9.

Frustulia vulgaris Thwaites (i) Typical cell: 47-55 ¢ X 9-10 p. Cells from R. Wear
are generally smaller than described by Hustedt (1930a; 1930b) (ii) At various
stations from km 0.0 to km 100.9.

Gyrosigma acuminatum (Kiitz.) Rabh. (i) 150-175 p X 22 u (ii) A few cells noted
from km 80.6 and km 100.9.

Pleurosigma angulatum (Quekett) W. Sm. (iii) A few cells noted on Pilayella at
Glasshouse Hill (km 104.2) on 27.v1.66.

Caloneis alpestris (Grun.) Cleve (ii) Seen only at km o.0.

C. amphisbaena (Bory) Cleve (ii) A few cells noted at km 70.6 and km 92.2.



http://17.1x.65
http://27.v1.66

92 Algae of t.he River Wear

C. bacillum (Grun.) Mereschkowsky (i) This species is easily confused with C. silicula
var. truncatula, which is equally common, and possibly also with certain Naricula
spp. if the parallel longitudinal striae are not seen clearly (iv) Widespread, but
always present in only low numbers.

C. silicula (Ehr.) Cleve (i) As var. truncatula Grun. The striae are faint and at least
20/10 p (ii) At sites above and including km 26.3.

Neidium iridis (Ehr.) Cleve (ii) One cell at km 70.6.

N. dubium (Ehr.) Cleve (ii) One cell at km 70.6.

Diploneis didyma (Ehr.) Cleve (i) Typical cell: 67.5 X 22.5 u, ribs 10{10 p (iii) On
Pilayella, Glasshouse Hill (km 104.2) on 27.v1.66.

D. ovalis (Hxlse) Cleve (i) 25-35 p X 12-14 p (ii) In small amounts at four widely
spaced stations.

Stauroneis smithit Grun. (ii) One cell at km 2.7.

Anomoeoneis exilis (Kiitz.) Cleve (i) 20~21 p X § . (ii) As with: (iv) Occurs sporadically,
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either singly or in small amounts.

A. zellensis (Grun.) Cleve (i) Occurs as fo. difficilis (Grun.) Hust.; 24 X 4 u, striae
indistinct (ii) Single cells seen at km 4.5 and km 9.2

Navicula-accomoda Hust. (ii) One cell at km 24.3

N. anglica Ralfs (i) 26 X I0 pu, striae 11/10 1 (n) Single cells at km 2.7 and 70.6.

N. atomus (Nig.) Grun. (ii) As with: (iv) Frequent occurrence, though only in small
amounts,

N. avenacea Bréb. (i) Hustedt (1930a) included this as a varlety of N. viridula Kiitz.
and many subsequent authors have followed him. However by the criteria
widely used for the separation of species within Navicula there seems no justifi-
cation for doing this (ii) See FIG. 1 (iv) Generally abundant, but less common
in the upper reaches and also decreasing with increasing salinity.

. bryophila Petersen (ii) A few cells seen at km o.0. . .

. certa Hust. (i) Single cell: 23 X 5 u, striae 12/10 p; rather smaller than the
form described by Foged (1964) (it) One cell seen at km 0.0.

N. cincta (Ehr.) Kiitz. (i) As var. heufleuri Grun. 18 X 4 u, striae 16{10 u. Smaller
than those forms described by Hustedt (1930a), and Van der Werff & Huls
(1955), and with closer striation than the 10/10 @ limit of Hustedt (1930a)
(ii) A few cells seen at km 0.0, km 24.3 and km 70.6.

N. contenta Grun. (ii) A few cells seen at km 16.2 and km 44.2 (v) A very smill cell,
which in many surveys is probably overlooked or confused with certain forms
of Achnanthes minutissima.

N. cryprocephala Kitz. (i) As var. intermedia Grun.: Typical cell: 35 X 6 u, striae
16/10 p (ii) In low numbers at km 2.7, 13.7, 16.2, 43.2 (V) See N. gregaria below.

N. cuspidata Kiitz. (iii) Seen once at Durham (km 67.6) on 11.X.65.

N. gracilis Ehr. (i) 38-50 w X 7-9 p; striae 11-12/10 @ (ii) Present at and below
km 13.7 but more common below km 43.2, most abundant at km 80.6 and
absent at km 100.9. .

N. graciloides A. Mayer (ii) A few cells seen at km o0.0.

N. gregaria Donkin (i) 1527 ¢ X 6-7 p (ii) Throughout the river, but infrequent
in the upper. reaches; most abundant at km 80.6 (v) It is easy to ‘confuse this
species with N, cryptocephala unless a mountant of high refractive index is used.
A useful diagnostic feature is the distinct asymmetry of the central area in
N. gregana Hustedt (1957) states that N. gregaria is the most common diatom
species in the R. Weser, seldom missing in a single sample, and- occurring in
large numbers in many samples. This species has probably been included in
N. cryptocephala in many previous surveys of river diatoms. It has been found
in large amounts in many other samples, including several from the R. Tees
and several Lancashire rivers,

N. hungarica Grun. (i) Occurs as var. capitata (Ehr.) Cleve (ii) A few cells seen

between km 70.6 and km 100.9.

. integra (W. Sm.) Ralfs (i) Typical cell: 38 X II pu, striae 17-19 p. Dimensions
are rather larger than the forms described by Hustedt (1930a) (u) A few cells
seen at and between km 70.6 and km 100.9.

. lapidosa Krasske (i) Typical cell: 17 X 5.5 u, striae at 22-24/10 @ as compared

with 26/10 p in Hustedt (1930a).

. menisculus Schumann (i) 25— 33 p X 8.5-10 u striae 10~11 @ (ii) Occasional

throughout the river, always in small amounts.

minima Grun. (i) As var. atomoides (Grun.) Cleve (ii) As ‘with: (iv) Frequently

recorded, but always in small numbers.

. minuscula Grun. (ii) Single cells at km 2.7, km 26.3, km 43.2, km 80.6.

. muralis Grun. (ii) Single cells at km 4.4.and km 65.6.

A munca Kutlfm (1) As var. cohnii (Hilse) Grun. (ii) Single cells seen at km 80.6,

92.2

N. pellzculosa (Bréb) Hllse (1) 8-10 y. x 4-5. 5 ¢ (ii) Throughout almost all the
river, but most abundant at km §4.2, reaching 10%, population.

N. pupula Kiitz. (ii) One cell seen at km 24.3.

N. pygmaea Kiitz. (ii) Occurred only at km 80.6 and below.

N. schonfeldtii Hust. (ii) A few cells seen at km 2.7 and km 16.2.

N. subatomoides Hust. (ii) A few cells seen at six of the stations between km 4.4 and
km 100.9.

N. subhamulata Grun. (i) 15-19 ¢ X 6. 5-7 w; the striae always indistinct (ii) Seen
only at and below km 26.3, most frequent at km 100.9.

z“z

Z
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N. subocculta Hust. (i) One cell only: 16 X 6 , striae 16/10 p (iii) One cell seen at
1.Iv.66 at Jack’s Bridge (km 44.2).

N. vitabunda Hust. (if) One cell seen at km 0.0 and a few at km 70.6

Pinnularia braunii (Grun.) Cleve (i) Only cell: var. amphicephala (A Mayer) Hust.
?lfm X 9);; striae 11/10 p (iit) In August 1966 at the Rookhope Burn inflow

10.5).

. divergentissima (Grun.) Cleve (ii) One cell seen at km o.0.

. intermedia Lagerstedt (i) 16 X § u; striae 10/10 u (ii) One cell seen at each of
km 9.2 and km 13.7

8 mzerrupza W. Sm. (1) One cell: 36 x 8 u, striae 13/10 1 (ii)) One cell seen at

kmo

. mesolepta (Ehr.) W. Sm. (i) 45 X 8 u, striae 13/10 p. (iii) Seen only in August
1966 at the Rookhope Burn inflow (km 10.5).

. niicrostauron (Ehr.) Cleve (i) Only cell: 48 X 11 g, striae 11/10 p (ii) One cell
seen at km 16.2.

. viridis (Nitzsch) Ehr. (ii) Although only a few cells at km 2.7, km 4.4 and km 35.2,
nevertheless the most frequent Pinnularia.

. wijkensis Foged 1964 (i) One cell: 47 X 6 p, striae 12/10 1 (ii) One cell seen at
km 2.7 (iv) Probably the first British record. Before Foged’s paper, such cells
were possibly referred to P, gibba Ehr.

Amphiprora paludosa W. Sm. (1) 24 X 10 p, striae indistinct. Hustedt’s (1930a)

limits are 40-130 ¢ X 25-30 p (i) At km 100.9.

Amphora ovalis Kiitz. (i) 12 X 6 p; the small variety pediculus Kiitz. also present
(iv) Frequently present, though usually in low numbers; the var, pediculus may
occur together with the type.

A. veneta Kiitz. (iii) On 27.v1.66 at Glasshouse Hill (km 104.2) on Pilayella.

A. lineolatae Ehr. (iii) On 27.v1.66 at Glasshouse Hill (km 104.2) on Pilayella.

Cymbella affinis Kiitz. (ii) One cell seen at km o.0.

. aspera (Ehr). Cleve (i) Typical cell: §8 X 17 p, striae 8/10 u, punctae 13/10 p.
The R. Wear form is smaller than the forms described by Hustedt (1930a).

C. angkxu:lzata 8()W Sm.) Cleve (iii) One cell seen in September 1965 at Lumiley Bridge

87.8).

C. cesati (Rabh.) Grun. (i) 3548 ¢+ X §-7 u, striae 18—20/10 p. (ii) A few cells seen
at km 2.7, km 16.2 and km 24.3.

C. cymbiformis (Ag.) v. Heurck (i) 30-33 p X 8-10 p, striae 8-10/10 p (ii) A few
cells seen at km 24.3 and km 43.2.

C. delicatula Kiitz. (i) 22—32 X 6—7 u, striae 17-19/10 p. The R. Wear cells are
generally larger than the limits given by Hustedt (1930a) (ii) Occurs throughout
almost all the river, but most common in the uppermost stations.

C. helverica Kiitz. (i) Typical cell: 48 x 11 p; striae 15/10 @ at the ends, 12/10 &
on the ventral side.

C. leptoceros (Ehr.) Grun. (i) 36-55 X 8.§-I4 u, striae 9/10 u on the dorsal side,
10/10 1 on the ventral side. Cells relatively broader than those described by
Hustedt (1930a) (ii) At km 1.0 and km 2.7.

C. microcephala Grun. (i) 13-15 X 3.5-4.§ @ (iv) Frequently present in small
numbers. .

C. naviculiformis Auerswald (iii) One cell seen on 19.vi11.65 at Wearhead (km 0.0).

C. parva (W. Sm.) Cleve (i) Typical cell: §5 X 14 w; striae 9/10 | on the dorsal
side, 10/10 p on the ventral side (ii) A few cells seen at each of km 1.0, km 13.7
and km 16.2.

C. prostrata (Berkeley) Cleve (i) 40-50 p X 15-17 ; striae 9-10/10 p (ii) One cell
seen at each of six different stations at and below km 9.2.

C. sinuata Greg. (i) 9-17 u X 4—6 p; smaller than the forms described by Hustedt
(1930a) (ii) Occurred at almost all stations, but most abundant at km 44.2.

C. tumida (Bréb.) v. Heurck (i) 5o X 15 p; striae 10f10 p, punctae 16/10 p (ii) One
cell seen at km 43.2.

C. ventricosa Kiitz. (i) 16-28 p X §—18 pu; striae 12/10 g (ii) Throughout the river,
but most common at km 35.2.

Didymosphenia geminata (Lyng.) M. Schmidt (i) 100/130 & X 20-28 p (ii) A few
cells seen at km 0.0 and km I1.0.

Gomphonema abbreviatum (Ag.) Kiitz. (ii) At most stations, but more common in the
uppermost ones.

G. acuminatum Ehr. (ii) One cell seen at km 2.7.
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(9}



http://27.v1.66
http://27.v1.66
http://19.vm.65

Algae of the River Wear 95

G. angustatum (Kiirz.) Rabh. (i) As var. producm Grun. (ii) Throughout the river,
but most common from km 43.2 to km 5
G. gracile Ehr. (i) 30—40 p X §—8 p;striae 1 1—14/10 @ (ii) A few cells seen at km 16.2,
km 24.3 and km 44.2.
G. longiceps Ehr. (i) As var. subclavata Grun. Only cell noted: 30 X § w; striae
12/10 . (ii) At km 9.2.
|G. olivaceoides Hust. (ii) A few cells seen at km 4.4, km 16.2 and km 26.3.
‘G. olivaceum (Lyng.) Kiitz. (ii) Throughout the river, but more common below
km 16.2.
G. parvulum Kiitz, (ii) A few cells seen at five sties from km 0.0 to km 65.6.
G. sphaerophorum Ehr. (ii) One cell seen at km o.0.
G. tergestinum (Grun,) Fricke (ii) One cell seen at km 26.3.
Denticula tenuts Kitz. (i) 10-16 p X .56 p (iv) Frequently present in samples, but
usually in low numbers.
Rhopalodia parallela (Grun.) Q. Miill. (ii) One cell seen at km 4. 4
Hantzschia amphioxys (Ehr.) Grun. (i) Only cell noted: 30 X § p; striae 19/10 @,
carinal punctae 8/10 u (ii) At km 35.2
Nitzschia acicularis (ii) As with: (iv) At all times of year and throughout the river,
though much more common in the lower reaches.
. acuta Hantzsch (ii) A few cells seen at km 16.2, km 80.6 and km 92.2.
. acuminata (W. Sm.) Grun. (ii) From km 80.6 to km 100.9.
. amphibia Grun, (ii) One cell seen at km o.0.
. apiculata (Greg,) Grun. (ii) Three cells seen at km 80.6 (v) This species is
usually found in estuarine or saltwater habitats.
. communis Rabh. (ii) Common at km 80.6 and km 92.2, where it formed over
1% population.
. dissipata (Kiitz.) Grun. (i) 27-37 » X 6-10 p; carinal punctae 8—9/10 w (if) At
almost all stations, but most common from km 2.7 to km 14.2. ]
IN. dubia W. Sm. (ii) A few cells at sites from km 70.6 to km 100.9.
IN. filiformis (W. Sm.) Hust. (i) Typical cell: 53 X 6 p; striae 35/10 ., carinal
punctae 8/10 1 (ii) A few cells seen at km 80.6 and km 100.9 (iii) At km 67.5
on I0.1X.65.
IN. frustulum Grun, (i) 23-24 p X 3.5—4 p; striae 22/10 p, carinal punctae 10/10 p.
Var. perpusilla (Rabh.) Grun. also present: 9—10 & X 3-3.5 u; striae 21-22/10 @,
varinal punctae 10-12/10 p (ii) A few cells seen at eight stations at and below
km 9.2; var. perpusilla relatively more frequent in the lower reaches.
N, fonticola Grun. (i) 11-13 p X 3.5—4 p; striae indistinct, carinal punctae 14/10 p
(ii) Occasional, more common in the middle reaches, decreasing in the tidal
reaches.
. hantzschiana Rabh. (i) One cell noted: 23 X 3 p; striae 26/10 p, carinal punctae
7-10/10 @ (ii) At km 1.0.
hungarica Grun. (ii) One cell seen at km 92.2 (iii) At km 67.5 on 11.X.65.
N. ignorata Krasske (i1) At km o.0, km 10.5 and km 92.2.
. kittzingiana Hilse (ii) At km 0.0 and km 10.5.
. levidensis (W. Sm.) Grun. = N..tryblionella Hantzsch var. levidensis (W. Sm.)
Grun. (ii) At km 100.9.
. linearis W. Sm. (ii) Throughout almost all the river, but less frequent in the
tidal reaches.
. palea (Kiitz.) W. Sm. (i) 18-35 ¢ X 2.5-4 p; carinal punctae 13-14/10 p
(ii) As with: (iv) Throughout the river and usually frequent.
. romana Grun. (ii) Two cells seen at km s
. sigma (Kiitz.) W. Sm. (ii) One céll seen at each of km 80.6 and km 100.9.
. sigmoidea (Ehr.) W. Sm. (ii) Occasional, more common from km 80.6 to km 100.9.
. stagnorum Rabh. (i) Only cell: 28 X 10 y; striae 22/10 &, carinal punctae 8/10 p.
. subtilis Kiitz. (iii) At km 68.4 on 10.1X.65.
. thermalis Kintz. (i) As var. minor Hilse: 47 x 8 p; striae 43/10 p, carinal punctae
1x/10 p (it) At km 80.6 and km 100.9.
. tropica Hust. (i) Typical cell: 17 X 2.§ p; striae 24/10 u, carinal punctae
10-11/10 p (ii) at km 9.2 and km 16.2.
. tryblionella Hantzsch (1) As var. debilis (Arnott) A. Mayer: 24-25 p X 8 p;
striae 12~I14/10 u, carinal punctae 7-9/10 p (ii) At km 80.6 and km 100.9.
. vermicularis (Kiitz.) Grun. (iii) One cell seen at Lamb Bridge (km ¢2.2) on
23.111.66.
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Cymatopleura elliptica (Bréb.) W. Sm. (ii) At km 80.6 and km 100.9.

C. solea (Bréb.) W. Sm. (ii) at km 70.6 and km 100.9.

Surirella angustata Kiitz. (i) 20~35 w X 7-10 p; valvar canals 8/10 p (ii) Occasional,
throughout the river,

S. biserzl"a:;a Bréb. (i) As var. bifrons (Ehr.) Hust. punctata Meister (ii) Two cells seen
at 2.7.

S. linearis W. Sm. (i) As var. helvetica (Brun.) Meister (iii) At inflow of Rookhope‘
Burn (km 10.5) in August 1966. |

S. ovata Kiitz. (i) 12-54 p X 10-30 u (ii) Throughout the river and often frequent.

. DIsCUSSION 1

Comparison of diatom floras from different rivers is made difficult by taxonomic
problems, and by the fact that many species occur in very small proportions and
thus the total list is much influenced by the total number of cells counted. However,
it does scem worth making some comparisons. 168 species have now been recorded
from R. Wear, 148 for R. Tees and 402 for the whole of the R. Danube (Szemes, 1967).

78 species have been recorded from R. Wear but not R. Tees. At least §4 are
probably not due to any taxonomic difficulty. None of these species are so frequent
in R. Wear that a real difference in relative abundance would seem to be almost a
certainty, but the following are the most likely candidates: Amnomoeoneis exilis,
Navicula atomus, N. integra, N. menisculus, N. subatomoides, Gomphonema abbreviatum,
Denticula tenuis (especially), Nitzschia frustulum.

58 species have been recorded from R. Tees but not R. Wear. At least §1 are|
probably not due to any taxonomic difficulty. Of these the following are the species
which seem the most likely to show a real difference between the two rivers: Eunotia
arcus, Cymbella cistula, C. lanceolata, C. pusilla, Gomphonema lanceolatum, Nitzschia
sublinearis. Cymbella pusilla was recorded as common by Butcher, and was found'
again by Whitton and Dalpra, so this seems almost certain to differ in abundance
in the two rivers.

In conclusion it may be stated that the.diatom floras of the two rivers are rather
similar. However, greater differences have been found between R. Wear and R. Tees
than between R. Tees sampled at two time intervals separated by over thirty years.
Denticula tenuis especially appears to be characteristic of R. Wear and Cymbeélla
pusilla of R. Tees.
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