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Figure

1. Location of Loch Rusky and position of sampling
site.
2. ITsoplethe of water temperatuwre from October 198% to

September 1786, expressed in degree centigrade.

. Ieopleths of disscolved oxyagen from October 1985 to
September 1986, expressed as percentage saturation.

4. Incident light eneray from October to November 19835
and from May to July 1986, expressed in weinteins.

i

" Fenetraticon of incidernt light throughout the water
column from Ootober to  MNMovemnber 19859 amd from May
to July 1986, sxpressed as logerithmic percentage of
the incident light snergy.

b Seasonal changes in hydrogen ion concentration (pH)
at  the 1Im in Loch Rusky from October 1989 to
September 1986, and in the main inflow from February
to SBeptember 1986, lsoplethe of pH from 1 to 10m.

7. Seasonal changes in alkalinity in the Loch at the 1m
from October 198% to September 1986 and in the
mairn  inflow  from February to September 1986,
Isopleths of alkalinity edpressed in mg/l.

g. Seasonal changes in orthophosphate in Loch Rusky at
the Im from October 1985 to September 1786 and in
the main  inflow  from February 1986. ITsopleths
of orthophosphate esxpressed as uwg/l.

7. Seasonal changes in nitrate and ammonia in the Loch
at the im from October 198% to September 1986 and
in the main inflow from February to SBeptember 1986.
Teopleths of nitrate supressed as uwg/l.

10, Seasonal changes in silicate in the Loch at the Lm
from October 1983 to September 1986 and in the main
inflow from Februsry to September 1986. Isopleths
of silicate expressed in mg/l.

i1, Seasonal changes in  sulphate and chloride in the
l.och at the im from October 17835 to September
1986 and in the inflow from February to September
1986. SBulphate and chloride expressed in mg/l.



-y
e

-
i

14.

lé.

18.

19,

20,

st oa

AT

anallw

Seasonal changes in total dissolved organic matter
(CODY in the Loch at the 1m from October 1989 to
September 1986 and in the main inflow from

February to September 1986, Isopleths of dissolved
organic matter exppressed as mg/l.

Seasonal changes in phytoplankton biomass at the
surface 1, 3, & and 10m from October 1985 to
September 19786é6. Biomass expressed as number of
individuals or colonies per litre.

Seasonal changes in Chlorophyll a at the surface
lm and  10m from May to Beptember 19846, expressed
in mg/l.

Vertical distribution of Chlorophyll & ad

degradation products from May to September 1986,
expressed in mg/l.

Beasonal patterns of the major phytoplankton groups
at the ®, Ly3,5 and 10m from October 1985 to
September

Seawonal patterns of éGsteriornella formosa and
Melosira italica at swface, 1,35,85 and 10m  from
October BE L embier 1986, Fopulations

gHpressed kit ey per litre.

B TE ot Tabellaria fenestrata,
Eunotia pectinalis var. minor and Synedra acus

at the swiface 1,2,5 and 10m from October 1985 to
Sepember 1984, Fopulations expressed as number

of individuals or colond per litre.

Seasonal patterns of Cryplomonas ovata and
Rhigdomornas minuta var. nannoplanctica at the surtace,
1, 2, 5, and 10m from October 1985 to September 1986
Fopulations edpressed &g nunber cells per litre.

Seasonal
October 1985 to
Jjoules per m® per day.

in primary  production from
tember 1986, expressed as

YVertical distribution of primary production from
Ooctober 1985 to  Seprtember 1986, sxpressed s
miligrams of carbon per o per houwr.

Seasonal changes in zooplankton biomass at the
surface, 1, %, %, and 10m from October 19835 to
September 1984. Riomass expressed as number
individuals per litre.
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Seasonal changes of the major zooplankton groups at
the swface L1, 3, 5, and 10m from October 198% to
September 1986,
Segasonal pattern of Folvarthra remata, keratella
cochlearis, Hellicottia longispina and Trichocerca
sp. at the swrface 1, 5, 3, and 10m from October
1985 +to Beptember 1978646, Fopulations are expressed
as  number individuals per litre.

Seasonal peattern of Diaptomus gracilis  and Nauplius

at the surtace 1, 3, &5, and 10m +$vrom UOctober 19€
to September 19286, Fopulations expressed as

riwmber individuals per litre.

Seasonal changes in diversity of the plankton
community from October 1985 to September 1986,
expressed as bits of species per litre.

Seasonal decrease of pH in Loch Rusky from Maulood’ s
study in 197273 to the present in 19853-86.
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Table

I. Arnalysis of the variance for the cearbon-14 method
IT. Species composition of the phytoplankton
I1L.

Species composition of the zooplankton
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SUMMARY

t.och  Rusky showed monomictic characteristics., with
thermal stratification ococuwrring through the summer.
Dissolved oxygen was depleted in the hypolimnion in the late
suwmmar  but remained near saturation levels through the
SEASONS of water mixing. Charnges in the nutrient
concentrations in the water (such as nitrate, phosphate and
silicate) were related to phytoplanktorn community changes
(@.g. Diatom spring increase), external supply (e.qg.
nitrate, sulphate, chloride, COD) and dissolved oxvoen

levels {(g.g9. phosphate).

Thie seasonal phytoplankton community started to
increase its biomass in Opril, reaching a single summer peak
in July  and  later & small sautumnal pesak before falling to
lowsr population numbers afber Movember. The spring

commuinity was dominated by diatoms such as Asterionellsa

formosa and Melosire italicea, the summer by Cryptomanadales

such as Cryptomonas ovata and Rhodomonas minuta  var

nanoplanctica which atteained & very rapid madimum in biomass

in mid-sunmer and by colonial Cyanobacteria in the autuwmn.

The primary production was correlated with the
phytoplankton standing crop only in early spring, showing

gmall peaks in mid-summer and winter months. An analysis of



variance  in the method on the rowtine Carbon-14 method
showed fairly low variance for the whole method although,
cell rupture curirg filtration particularly affecting

nanoplankton, could mask the production results in summer.

The diversity calouwlated by the Sheannon-beaver indewx
was  strongly  influenced by the relative abundance of few
gpecies. The madtimum phytoplankton diversity was registered

in winter.

The sessonal succession pattern of the zooplankton

population was dominated by Rotifera such as

cochlearis and PFolvarthra

gracilie which cccurred mainly in the epilimnion dwing
gumner . Cladocera was  insignificantly represented in the
zooplankton. Some degree of trophic relationship was

obhserved between nannoflagellates and rotifers seasonal

populations.
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Loch  Rusky as shown from Geological and Ordinance
Survey maps (NN61S50ZEE) lies at an elevation of 135m in the
Central Region of Scotland, just to the south of the

Highland Roundary Fault. (Fig.1)

The geclogy of the area is red sandstone of Devonian
age, although the Loch itself lies on superficial drift
deposits. The catchmernt area is  3ke®  of mainly high
moorland grazed by sheep (16%) and softwood forestry

plantation (86%) planted in 196%.

The Loch area is O0.2km?® and the basin has an irregul ar

shape with maxinum length of roughly  800m and mean width
about 400m, the madimum depth is 183m. There are two small

islands at the West basin. The main stream flowing into the
lake, Letter Burn, drains from Ben Gullipen (400m) to the
rorthyg the outflow leaves the Loch at  the south-west;
joining the Goodie Water which drains into the River Forth.

The rate of outflow is controlled for farm use.

The Loch has beern managed since 1964 for gametishing
by the Loch Rusky private frngling Club, which periodically
restocks the Loch with juvenile (bmonths - 1 yesr old)

rainbow  trout (Balmo gairdneri) and brown trout (Salmo

Fage 1



Figure 1: Location of Loch Rusky and position of
sampling site.
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gvery thres - tow weeks from April to September.

The

@ ods, i the loch & natuwal population of brown trout
which breeds in  the Letter Burn and minnows Phoxinus
phoxinus, (Mr. Mockenzie, personal communication).

Loch Rusky is poorly documented, the only previous
study of the limnology was Maulood, 1974). Maulood carried

out comparative study of Loch Lomond and five neighbouwring

i

lakes amongst which was lLoch Rusky. The physico~chemical
parameters and seasonal standing crop of the phytoplankton
at two depths (suwface, Sm) were recorded on this lake over

a period of 12 months.

The present study aims at ascertaining  the structuwre
and dynamicse  of  the Loch Rusky phytoplankton community in
relation to its physio-chemical and biological snvivonment.

Fegular  fortnightly samples of water were taken over one

omplete vear and  analysed for the following: 1. Fhy 3

and Chemical , factors {(s.g. temperature, dissolved oxygen,

oM, micronutrients). o Frhvtoplankton standing crop by

sedimentation and chlorophyll analysis. 2. Fhytoplankton

primary production by 14Carbon  in situ incubation method.

4. Standing crop of zooplankton by sedimentation. .
Diversity of plankton communities measured with the

Shannon—-Weaver index.

i

Fage



This stuwdy adds to the FrE @V e researah the

bioensrgetic me

wrement of primary production and community
structuwre of both phytoplankton and =zooplanbkton. Thus the
ecological basis has been set for fuwrther limnological
studies on  sediment and detritus food chain  and scientific

managemsnt of the fisheries in the Loch.

In general, the freshwaters of Scotland have great

ecomomnic importance +or water supply, fisheries and
recreational purposes. The successful  management of &

fishery depends directly and indirectly upon the role of
plankton in the energy transfer to the different trophic

levels in a particular aguatic habitat.

‘age I
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2. 1. SAMPLING SITES AND FIELD SAMPLING

Samples were taken over the period October 198%
to September 19846. In general a regular fortnightly sampling
programme was achieved except +or  the period between mid

December and mid February, when samples were taken monthly.

Water samples were taken at swface, 1, 3, & and 10
metres depth from above the madimum water column. & &

litres Yan Dorn water sampler was uwsed and the samples were

returned to the laboratory in 1 litre polythene bottles.

200240 PHYSICAL AND CHEMICAL METHODS

Temperature and oxygen measurements were made using a
Mackereth Mark I1 temperature/odygen probe manufactured

by pHox. Light was measuwred with a "Licor" FAR meter.

Immediately on retwrn to the laboratory, water samples
were +iltered through WBhatman G6FA paper. Chemical analyses
were completed as scoon  as  possible and normally  on the

Same day. Fhosphate, sulphate, chloride, bicarbonate,

Fage 4



z=ilicate and  nitrate were analyvsed &according to the

methads of Mackereth Heron and Talling (1978), the last
twe spectrophotometrically. Ammoni a Was measured
spectrophotometrically according to the method ot

Zadorojny&dﬁl??ﬁ) and permanganate C.0.D. using Mackereth
(1263 method. pH was measuwred wsing a FPye-Unicam 292 pH
meter. Details of the chemical methods used are presented

in Appendix I (pagedo .

2o B, PLANMETON STANDING CROF

EN Cell counts
The plankibon suspended in 11 of water from October to

March, and 250 ml from April onwards, was concentrated into
2Eml by sedimentation uwsing 17 Lugol 's iodine solutiorn. 500
ml were sedimented for the last sample  in November and the

only samples in December.

After thorough mixing the sample was poured into a

chamber for counting phytoplankton using a Zeiss  iriver bed
miCrOSCope. A11 individuals encountered in traverses across

the centre of the chamber were counted. Three complete

traverses were counted. The mean colony size was caloulated

Fage O



For the wmost  dmportant colonial  species. Counting was

rivrmal Ly carried  out alt x640 magnification. Although this

meEthod is satisfactory for most species of algae, the
Lugol 's  solution tends to cause colonies of buovant
Cvanobacteria {(e.q.Col ecsphasrium Neegel i arnuwm) to

disintigrate, so they were counted separately. For this
purpose, 11 water was filtered through a 4.53cm GFA glass
fibre filter and the colonies on the paper counted under the

#30 magniftication by reflected light.

Identifications were made using Lind & Brook (1980)
for desmids, Germain (19281) and Baber % Haworth (1981) for
diatomsy Frescott (196F, 1964) and Belcher & Swale (1976,
1979y  for  others algae and Lund  (1262) for Rhodomonas

minuta var. nannoplanctica.

311 zooplankton <$rom  the whole 28] concentrated
sample were counted under the =240 or 2100 magnification of
the inverted microscope. Identifications were made using
Harding and 8Bmith (1974) for Copepodsy; Scourfield & Harding
(1958) for Cladocera, and FPontin (19278) for Rotifers.
Counts were recorded on a BBC computer uwusing & programme

writtern by Flace and May (1983).

Fage 6



. Chlorophyll a

Rationale: Chlorophyll a (for &ll plants), b (for

Chlorophyta) and ¢ {(for Chrysophyta) concentrations in
water samples are uwsed to estimate +the biomass and the
photosynthetic capacity of phytoplankton (UNESCO  1966) .
There has been doubt as to whether chlorophyll & should be
considered a measuwre of biomass because of the relatiornships
betwen this parameter and other measwwes such as  cell
numbers or volume is not stable under variable enviromnmental

armd internal conditions. Nutrition, light, temperatuwre and

cell age can all dinfluence the chlorophyll concentration.

i

The change is not directly seen  in the total biomass value

{Meslks, 1974 and Her jula, 1976y, stated chlorophyll is

i

recomnmnended as an indirect measuwre because it is  linked to
photosynthesis and is easier to determine than many olher
indirect measwes which are themselves subject to similar

variations in relationship to biomass.

There are three main methods for measuwring chlorophyll
a concentration: spectrophotometric, fluorometric and
chromatographic., In this study the method based on Richards
% Thompson (1953 was used, as modified by Parsons and
Strickland (1963, 1968) and Talling & Driver (1963). It is
based on  the spectrophotometric measurement of the optical

density at specific wavelengths for the main pigments

Fage 7
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O+ the sclvents {acetone, methanol and pyridine) which

i

have been used fo?%xtractian? only acetonse and methanol ar
widely used. It is generally accepted thatt the extraction
rate by methanol is superior to acetone for many green and
blu—green algee (Steeman Mielsen, 1961 and Riemann, 1980).
However, diatom pigments may be extracted using either

acetone  or  alcocohol (Talling and Driver, 1963). Although

better results have been obtained with metharnol, its uwse bas
been limited because most of its specific probhlems

(allomerisation, pH dependence, stability of extract, health
risk eto.) have not been solved satisfactorily (NMusch,
1978) . fAcetone shows high  absorption characteristics  for
the principal photosynthetic pigments (Talling and Driver,
196%), but the absarption characteristics of Chlorophylla

in methanol are less well kEnown.

Method

A one litre sample from surface 1m and  10m  was
filtered through a glass fibre filter (Whatman GFA), 4.20cm
diamster Ffrom May onwards. The Ffilter was placed in &
centrifuge tube and 20ml of cold 90% acetone was added. The
straction took place in a dark refrigerator for Z4hrs alb

4o . A small quantity of magrnesium  carbornate was added

Fage 8



after Filtration to prevent &acidity and hence pigment
degradation in the extract and to aid the retention. The
samples were then centrifuged to remove the Ffilter and

magnesium carbonate.

Absorption of the supernatant was measured using &
Fyve-Unicam 5F&-350 spectrophotometer in 4om cells against a
blamk of 907 &cetomne &t the following wavelengths: 7850,
66T, 480, 470 and 410 rnm.  The reading at 750nm was taken to
compensate for turbidity of the sample and subtracted feom
each reading before caloulationsg 6HE68nm presents  the
absorption psak characteristic of chlorophyll ai;  48BOnm is
the pealk cheracteristic for plant carotencids, although the

eaults from this measwrement were not used in this studyy

47350 aridd A410nm were measured to calouwlate degradation
products of chlorophyll {(e.g. phaeophytin) by reading betftore

antd after acidification with 02540 HC1 (Lorensen, 1967).

The percentage degradation was calculated graphically.

Chlorophivlil & was determined using the equation from

Tallimg and Driver (1963):

Hg CHI & per sample = 11.9 Dé&63 x (V/L)

wheres



DH6T represents the optical density reading at 66%Snm.
i -

Vods the volume of acetone extract iﬁine.

L. is the length of the spectrophotometer cell in cm.

2. 4. PLANETON FPRIMARY PRODUCTIVITY.

Method
The 140 —~ method as originally described by
Steenan—-Nielsen (193%) was used. At each depth replicate

water samples were taken in 125 ml dark and light incubation
bottles., 0.9 ml radicactive solution containing O.8Buci from
Uctober to HMarch and 2uci theresafter of radicactive

MaHTO WA injected irnto  sach bottle, the stoppers

replaced and the samples incubated for 4 hours at the depth

from where they came.

After the period of incubation, the samples were
retwnd to the laboratory in the dark and filtered through a
0.45% mm H.A, Millipore filter. The filter together with the
phytoplankton on it was placed in a vial containing 135 ml
Hewlet-Fackard scintillation fluor. The B - radicactivity
of the samples was counted onm a scintillation counter after
a delay of 10 daysin the dark to allow any chemoluminescence

to subside. BSamples of fluor were counted for background

Fage 10



radiation, and original activity was measured by injecting
L oml oof the MNaHCOx radicective solution into a vial qﬁ

fluor.

Some malfunction of the scintillation counter occurred
from beginning of May onwards resulting in  inaccurate
readings for fighly active samples such as original
activity., After the fault had been corrected a definitive
original activity value was caloculated Ffor each sampling
date From a calibration cwwve plotting mean radioactivity

(Faik against disintigrations per minute.

Carborn  available Ffor fisation was obtained from pH
meEasurenents an alkalinity titrations on the water

according  to  the methods described in Heron and Mackereth
(1978 . From these results primary production expressed as
grams carbon fixed per litre per how was calculated for
sach wampling depth according to the equation in

Vallenwelder (1969).

140 assimilated

120 gosimilated =m0 e e i o woorREC cavailable

14C available Fiagmys

where:

Fage 11



iH

YEC available calouwlated from alkalinity titrations and

pH measuremsnts (Mackereth and Heron, 1978

14 assimilated = (disintigrations per min - background for

sample) 3 1.06 discrimination factor.

14l available = pradicactivity added (calculated as for

140 assimilated).

Fla = an aliquot factor correcting for bottle

gize and amount of sample filtered.

K = time factor to compensate for incubation
time.

Foom = z dimension factor to convert mg/l to
MY/ Miem v

FResults arg expressed a&as mg carbon fided per me loch
surface per how by integrating the area beneath the curve,
and converting to the energy equivalent (Joules per mg

carbon fixed).

Fage 12



Critigue of Carbon 14 Melthod

The photosynthetic process is summarized by the
equation describing the fixation of carbon dioxide and the

manufacture of organic molecuwles for cellular metabolism and

growth.
light
HLOZ + HHRO e P COHLIZ206 + 602

In this redox system radiant energy is transtormed
into chemical energy s & result of the generation of high
erergy phosphate bonds. These are used in the dark to +ix

carbon (Vollenwelderl969)

The oxygen and Carbon 14 methods for measuring
phytoplankton production are based on the determination of
the O, produced and carbon assimilated in this process,

respectively.

The oxygen method mpeasuwres rates of production and
respiration from small changes in  the amount of dissolved
oxygen in light and dark bottles (Gaarder and Gran, 19X7).

The oxygen produced in the light bottle over a known period

Fage 173



of dncubkation, when added to the oitygen consumed in the dark

bottle, gives a measwe of gross productivity.

The Carbomn 14 method involves the introduction of a
radioactive tracer (14C normally in the form of NaMCOZ) into
the organic carbon  for later measwrement of the 140
assimilated by phytoplankton in  the form of organic matter.
This method assumes that the ratic of 14C taken up to 140
added is similar to the ratio of the total carbon fived to
total carbon available. To account for 1207140
discrimination by the algeae a correction coefficient of 1,06

ig used.

Both  methods can be carried out in situ or under
gruperimental conditions.  MNeidther of these two methods has
proved to be detinitive for measwing the photosynthesis of

natural phytoplankton populations, since for each it is

possible to identify a number of potential souwrces of error.

It is found that for certain algee, respiration rates
do not remain the samg in the light and in the dark, as is
assumed in the oxygen method (Bunt  1965). Other important
sources of error in this method are the high rate of
bacterial photosynthesis shown in oxygenated waters and the
possibility +that plants may be able to convert radiant

energy into chemical without evolution of oxygen (Arron,

Fage 14



Whatley and  Allsn, = The accuracy of titrimetyric or

amperamaetric method caloculation of oxygen charg 18
considered to be low, therefore this method dis only

succesful in productive waters.

The Carbon 14 method introduced by Steeman Nislsen in
1932 has been considered controversial in that aﬁ ur ki own
quan%tity ig being measwed in the field, whether the rnet or
gross photosvnthesis oF  sonething between. The COz
incorporated by photosynthesis duwring the couwrse of  the

=uperimental dncubation may be  fixed, be released from the

cell  as  a respiration or metabolic product o e
incorporated it the OF Q&L s without involving

photosvnthetic reactions.

The relative importance of these phenomena in the cell
is  wnknown. There is uncertainty as to the degree of
ratisation ot respired GO ard the rate of cell

respiration  in the light. Tt would appear that respiration

ig partially suppressed o al tersd in the light.

Measwements indicated that as irradiance is incre
Clx evolution from respiration is decreased, bubt O
consumption is increased (Weid & Brown, 1959), which could
be consumsd by & Biochemical process different from
respiration. According to Benson (19350), labelled products

af photosyrnthesis do not appear to be used as substrates for

Fage 1%



reepliration and so release only 200,

These processes have a considerable bearing upon the
interpretation of measurements by this method (Harvis,
19800 . It is generally accepted that 14C method measwres
aomething between net and gross photosynthesis. That
depends  upon  the ratio of respiration to photosynthesis
which is directly influenced by environmerntal conditions and
the physiological condition of the algae. It is desirable
to compare the two methods in & single study, and to compare

photosynthesis rates duing long and short incubation times.

Comparisons of the wygen and 140 methods usually
reveal agresement 1if a PE (DOz/.DCOZ) of about 1.2 is

assumad (Ryther, 19%36).

Because of its greater sensitivity, the 14C method itﬁ
the ol oy one  to provide satisfactory results £ or
oligotrophic waters. The odxygen method is more suitable for
use in  eubtrophic waterse and generally provides a orude

measure of the gross photosynthesis. Mo completely reliable

measw anent of net photosynthesis is possible by elther
method., Sometimes the results obtained from both methods
are not always comparable. The method uwsed should always

take into account the particular characteristics of the

water under study and the aims of the study.

Fage 16



fosessmnent of  the potential sowces of bias i the

determination  of primary production by the Carbon 14

method

In this section the different potential sources of
bias associated with the determination technique are
reviewed briefly. The term '"bias" in this connection is
considered to be the difference between the true estimate
and the ascguired estimate of production under certain

circumstances (Cassie, 1962).

Froduction estimates by the 14C method are mainly

material and effects of enclosure in the bottles; volume of
ﬁampl@;@)muﬁp@ngiun of bottles and duwation of incubationg

Q%%iltratimn of samples and by the activity determination.

A Inorganic carbon

The determination of this is cvonsidered to be a minor
source of bias. The total inorganic carbon concentration
can  be calculated from pH, temperature and alkalinity.
Mevertheless, small inaccuwracies in calculation (whether of
titration of alkalinity or pH measurement) can influence the

results.

Fage 17



., ol osnol osure

The classical method of measuwring primary prodoaction

of phvitoplankton in situ involves the encloswe of
samples in glass  bottles. It has been proved that the
absorption of light by glass, particularly of short

wavelengbhs, is considerably greater than by most lake and

HBEA Wt "8 . Uitraviolet radiation may depress

i

photosynthetic activity near  the water swface (Finderegg,
19660 . This effect appesrs to be greatly attenuwated  at
desper waters.,

Light conditions inside the botitle differ from the
ratural conditions and depend on the guality of glass (Ohle,
1958 . The production in glass bottles can  edxcesd the
ggquival@nt valuss in guartz botbtless by 504 in surnlight
conditions,  but in the case of lowesr light conditions (such
as under  olowd cover or at greatsst depths), the production
values obtained in guarts bottles can be considerably higher
thn imn glass  (Findenegg, 12&bY . Tlmavirta (1977) observec
tharn i brownwatsr lakes, glass bottles have about  18%
Frigher production values than acrylic plastic bottles in 24
owr exposures, but o in 4 how  ssposuwres the glass bottles

gave only slightly higher estimates during high radiation.

Discussion of the relative merits of different snoclosuwre
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materials for  production measwemnsnts s summarized by
Soeder  and Talling, (%710, however so far no satisfachtory

£

alternative has begn found to replsace  the glass bobtle

method normal ly used in production measuremsnts.

By enclosing & sanple in & bottle, the habitat of
pelagic, . algas is distwhbed, in that it is changed to mors
oF less static water conditions.  The suspended bottles ars
aub jected to some dyvnamic water btwbulance, but the mnatuwral
gdynamic movement of the algase is repressed inside the

bottle. Turbulece has & direct influsnce  on

buoyancy arcl sgdimentation in natwal conditions and
theretore alters the vertical distribution il the

popul ation.

Environmental factors and population characteristics
may change in long  incubation times in bottles. Thie
phenomnena  of animal grazing, ogrowth and the decay or
colinization of green-algase or bacteria particularly on the
bottle wall, may modify the total density and gualitative
composition from  the original population. The ochemical
composition of the water may also be modified and thus alter
rates of plamt growth and photosvnthesis. Concentrations of
oxygen, carbon dioxide, inorganic carbon and pH are normally
changed when intense photosynthetic activity ococurs in dense

populations {(Gessner & PFPannier, 1988). Nutrients may be
4 3



algel growth, be removed by absorption onto the

wall of container or b

activities {(e.g. szoretion).

Harris {(1973% ) deserve careful consideration on the

i
~t"

sub ject o the relationghip between photosvthesis and
physiological and environmental conditions {(eg. growbh &ge,

cell difusion etor.

C ~ Exposure and bottle suspension.

Orne  of the greatest sowces of bias in studving
phytoplanktonic P i maEry production in situ, is
introduced by the par i od of incubation. Recommended

incubation pericds in the literatwe range from 2 to 24

o s,

There are many reasons presented to account for this
~ange of incubation timess. Generally incubation time should
be as short as possible, because of the bottle effect, but
in unproductive waters or in studies on the diwnal pattern

of photosynthesis a longer incubation time of up  to 24hrs

may e necessarv. Waite & Duthie (1973 suggested a

techrigus compering  short  with  long  (24hrs) incubation

F’i
ﬂ"

periods  to give an  estimate of gross productivity. The

effect of the duration of sxuposwe on production estimates is

Fage 20



perding on the productivity of the lake. It is

b ban SRR AR T that the bobtitle effect tends to L iower

proguction sstimates. Long  exposuwres  tends to ogive an

t

1
7

underestimation ot FE

H

=34 ot photoynthesis but the
integration of the results of short edposes (2-6h) was also
unsatisfactory (Joness % Ilmarvita 1978) in a study on

cdiurnal changes in primary production.

H

The method most widely used in the suspension of the
bottle was decribed by SBoeder & Talling 1971, This involves
the attachment of +the bottle to a line or wire and then
holding it in a vertical position by means of an anchored
buoy  or float. Higher valuss have been reported for bottles

suspended in the horizontsl  position din comparison with

vartical. Differences were as high as 10%-35%4 (Ohle, 1988).

The volume of sample bottles seems to be inversely
related to the production (Jones 1977). This effect is not
clear but is related to the sdchange of Cl4 produced between
water and  a&ir  at the top  of the bottle during the

incubation.

D~ Filtration and counting determination.

The filtration process in the radiocarbon method is

considered to be a major source of bias in this technique.

~
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Cfer vl wime of e fi 1l bhered

At g of

cligotropric  lakes  but  the situation can be entirely
reversed in very sulbropic waters where high plamkton density
may  inftluence the filtration time and volume of filtration.
The laver on  the Ffilters in sutrophic waters tend to grow
too  thick (Steesman Mislsen 19735, this is important  for
Gedger-—-Maller couwnting  but practically corrected for liguid

scintillation technigue.

The vaouuwm pressure  applied to the filter should not
erceed O.3atm, to reduace the possibility of ruptuwing more

fragile cells such as flagellates. The recommended pore sige

af Filters is usual liv O A5m (Gargas L1975 .
E ? e k]

3 E

the membrane +ilters seems to decre

=~

The drving o

far}

slightly the activity obtained (Btesman Nielsen al 1973 .
This is probably  due to the enzymatic transformation of

labelled organic matter to volatile matter.

Detalled rEVI WS Cconcerning the preparation of
radioactive bicarbonate solution and the methods of counting
the activity of Filters have been given by Vollenweider

-

{1971y SBtrickland & Parsoms {(1972) and Gargas (1973).

Difficulties associated with the counting process

derive from the effects of the penetration of labelled
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=Yl w vl Lt the +ilters and ths so-called @Eoanlng
prroduction'. The pernetration of  C14 into the filters is
wapecially important in euwtrophic waters where the laver on

the +ilter ftends to be thick. The loss  of labellad

]

products derives mainly from two sowces, one from  the

bt

mishandling of samples dwing the Ffiltreation causing the
ruptureg of cells and leakage of organic materisl {Sharp,
1977y and the other from  the phenonsnon of  active csll
edcretion. The Fformer can be & najor reason for escaping
prouction when the bulk  of  the phytoplankton consists of
algae wvery sensitive to cell rupltuwre and  lysis. Evidence
has besn found that betwesn 50% - 254 of fiwed C 14 material

ISR

could be essoreted by viable algal cells as soluble org
matter duwing a (24h) exposure (Fogg, 1966). The ignoring of
this phenomenon by obther authors has led to ogreat
controversy  (Bharp, 1978, Mchsroson, 1978, Fogg, 1977).
The error resulting from edtracellular Cl4 precipitates is
1 Filters to fumes of HOL.

usual ly reducaed by exposing

Aralysis of variance to compute the components

of the srrors in the routine of Carbon 14 method used

frmoanalysis  of  the variance was applied to ascertain
the main sowce of variation introduced at each stage in the

routine carbon 14 method used to measure primary production.
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Three sources of varisabtion were considered:

1.7 The variabtion bebws

1 o samples, Lo measwre bhe varlanos
Fesulting from  the irregulsar distribution of phytoplanbkiton
within ths water ocolumn. 2 VYariation betwsen repeated

filtrations., 3.3 Variation for replicate counts.

The method was carried ouwt as described by Davies
(1954 . From the results it showld be possible to determineg

the absclute level of error for the method and aportion this

toe the various stages in the process and so identify tho
which deserve attention to  improve  the acouwracy  of the

techni gue.

tmt peders to the  numbsr of samples tabken from the

iwld sitesy HEC the number  of subsamples  filtered  from

-+

§

ach sample and gV the nueber of counts for each subsample.

T

.

et the variance cantributad at gach of these stages be

Da, =, 0e=,0.= respechivel v. It is assumes that
the variance at each stage is  independent and that the
gdistribution of phytoplankton is normal or transformable to
normal , s that analysis of variance can be applied. The
overall variance of the method can be shown to be the sum of

variances from each stage.

The component of variance introduced at each stage is

x oms 100 GVH (percentage deviation from the mean M).

i
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This measurg 1s syhonynous with the coefficient of veriation

q g ove o e due 3 gem foo 02 seer seee
usad in statistics.

The experiment desigrned to wse this system of analveis
was  as follows: fow pairs of duplicate light bottles
containing samnple  water collected at 1 metre from Loch
Lomond and Looh Rusky, were incubated for 4 hes. following

the method of Carbon-14 {see page Ao,gactimn mat and meth) .

Duplicate subsamples of 30ml were filtered from each
arnd replicate counts were made from each filtration
subsamples. The edperiment was carried oub dwing March in
the North basin of Loch  Losond and during SBeptember in Loch
Fusky. The main algal populaion in L. Lomond was conposed by

diatoms and in L. Rusky by +lagesllates =2 Cryptomonas
; ; L = Y

The result of the coefficients of variation st the
sampling stage were 17.4174 (L Rusky) and  18.79% (L.Lomornd) g
at the filtration stage 16.56% and 19.33% respectively and
at counting stage 14.48% and 12.238%. The variance for the
whole method was 50.41%  in Loch  Lomond  and 48.45% in L.
Fusky {(Table 1.

The slight differences between pairs of results for
the total and partial variance cae%icientsj shows that the

accuwracy of the routine Carbon 14 method uwused in the
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Table T Analysis of the variance for the Carbon-14 method

Variance (0?) * Standard (6) %Deviation
deviation from ;.

: Loch Rusky *
(S) Sampling 18,377 4,287 17,410

(F) Filtration 16,632 4,078 ' 16,560
(C) Counting 12,708 3,565 14,480
Whole method 47,717 11,930 48,450
Loch Lomond +
(S) Sampling 78,160 8,840 18,790
(F) Filtration 82,725 9,095 19,330
(C) Counting 33,370 5,780 12,280
Whole method 194,255 23,715 50,410

24.62, S =

* Mean of all counts, u

i
o
g

I
()
(@]

]
N

+ - Mean of all counts, u = 47.05, S =

l
oo
]

I
N
Q
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primary production remsains more or e

constant., This remained independant of time and  space
{wat g oy ). L. l.omond arnd Low Ruslby fave
contrasting gealaogical physical aivod biclogical
characteristics (Tippett, 1974, Maitland, 1981). L. Lomond
is  shown to be oligotrophic and the site, depth and
catchment area are well contrasted to those in L. Rusky. The
analysis did not reveal =sither significant differences

betwsen results obtained in different seasons.

There are similar coefficients values for each of the
method stagss.  The highsr variance arose during sampling
and Filtration. The sampling coefficient was edpectsd and
grplained as a result of the hetercgensity of phytoplankton
i the natuwral habitats. By contrast, & consideranle
variance is  introduced  at the filtration. This may ariss
From several SO CBS: loss ot produaction curiig
manipulation of samples, penetration of radicactive products
into the filters, variance introduced in the filtration of
different populations and in  the sequential timing o

sample filtration.

The efficiency of the routine Carbon 14 method thus

remains constant for the whole period of this study.
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Eeo0l. PHYBICAL OND CHEMICAL ENVIRONMENTAL FARAMETERS

1. TERPERATURE

Isothermal conditions Wt e observed throuwghout

practically the whole vear under study (1785-1986), and only

during the swnmer  season from June  to Auoust was

I

stratification apparent. Fia. 23

The minimam (50590 and maximam (20°C) tempe

LA
ware  recordsd at the beginning of February and July,

s

ively. & steep fall of S0 ocouwrred from the end of

10el  on Z9th

=

Ootober o Movember from a swuface reading 3

™

Ootobsr k) 5, He o 1%eh MNMovember . The temperstuore

decreased  to 490 by the esnd of November, remained constant

during by and  Januwary, uwntil it reached Ha el
i February. Albhouagh ice may have covered the lake at soma
time during the winter, none was observed on any sampling

[Tl L 3w

i,

From February to the middle of May, the ilsothe
pattern  remained but  the temperature showed & gradaal

increase from 4,590 on 12th March to 109C by 20th may.

TE e e

i adgjes




Figure 2: Isopleths of water temperature from October 1985
to September 1986, expressed in degree centigrade.
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Stratification of the water column began at the snd of
May whan the water was 11°0 and & gradual increase  in
surface water temperature was recorded until  July. This

summer dnorease surface water temperatures established twe

clearly detined thermal regions: an  upper warm circulating
region  and a deeper less disturbed column of water. The
temparature  range ot the latter remained batwesn
12,8110 throughout the summer. The boundary betwesen

them was shown to be idrregular, deepening throughout the

stratification period.

The stesepest gradient of temperatuwre with deptihn was

obtained on lst July, at the epilisnion, conprised

Ziiva The middle region, or metalimnion, showed a gradual
decreaze in temperature of 1°0 per metre uwuntil the top of
the hypolimnion was reached at 9m. The temperature at this
depth was 12.5%°C and the range from suwface to the bottom

was 7.0%90C.

From this summer maximum, the temperature at  the
suwrface tended to fall during July and August, resulting +fram
a mixing of the column of water by the deepening of the
i limnion. The maximum penetration of the epilimnion was
reached on the 19th  August, extended to bm. Its temperature

was  189°C. The metalimnion remained at the same depth
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throughout July, howesver in August it extended down to lim,
reducing the volume of the hyvpolimnetic water column  to the
bottom S, The temperatuwe gradient from the epilimnion to

the bottom was reduced to 2.59°0 in the middle of bdugust.

The deepening of the epilimnion and metalimnion lead to
recyoling of the apper and lower  column of watse which
restored  isobthermal conditions such  as  was  observed i

Beptember, with a temperatuwre of 12,3590,

The single period of stratification lasting from July
to Ootober and  the annual swface temperature ranged from 2

to (990, makes Loch Fusky monomictic.

The stratification in  summer did ot present A

conpletely  defined hypolimmion, where the mass of water

ramal s unmi He

and isothermal duwing the stratification.
{Hutchinson, 195%7).  The functional hypolimnion in Loch Rusky
was observed 2s & deeper water column of which the range of
thermal stratification remained more oF less  constant,
betwesrn 1790 -~ 119C by contrast with upper column which
included the gpilimnion  and metalimnion  and  where the
gradisnt orf temperatures wer e apparent dtaririg e

stratification period.

The annual pattern of temperatuwre observed on Looh
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1EBE ~ 1986, agr in general  with that described by

Mawlood, 197273,

2. DISSOLVED OXYGEN

Oxvgen showed & clinograde distrihution}ar most of the
vear in Loch Rusky the greatest percentage satuwration besing
at the swiace (Fig 3. The swface values wers never less
than Pov satwation  throughout Thie whole period of
wamirl 1 rig. The odvgen gradient with depth was steep during
the psriod of thermal  stratification in summer  and very
slight o even iscclinal duwring the rest of  the vear.
During  Ootober  and Movember a regative heterograde
gdistribution was observed, with lower odygen values in the
middle region bebween 1 and Gmo tharn at  the swfacs and
mottom. The highest satwation of dissolved oxygen (135%)
was registersd at  the swface in May and fAugust and the

o

lowest was at the bottom in Sogust (214,

The gradual fall of temperatuwres from  October to
February whegre idsothermal conditions and mixing remained
meant that levels of oxvgen approached satuwration throughout

the water column at this period.

& decrease of atmospheric temperatuwes from the end

-
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Figure 3: Isopleths of dissolved oxygen from October 1985
to September 1986, expressed as percentage

saturation.
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b Decenber to the middle of January with  possibility  of
ice-covering  the loch, couwld be related to the whole
increase of oxvaen satwation registered at this period. Eiy
January, the top 2Zm showsd a supersatuwration of 1207 which

couwld be augmentsd with oxygen released by  algal production

under the ice.

I February the oxvoen concentration in  the desper
water was ﬁlightlyvhigh@r than at other {times possibly dus
to the annual minimoun temperaturss registered at the bobtom.
High Y e levels throuwghout  the water colwmm and
saturation &t the swface remained during the spring. The
valuss from Marrch  to middle May ranged from about 1351007
at the suirface to FEE at the bottam. Thermal
ghratification, starting &t the end of May and continuing

wntil the beginning of Sepltember, resulted in & large Jfall

of puvgesn levels  in the deesper water. An epilim

max i mum oof 130N was recorded &t the swwiface while 20U was

found in the hypolimnion.

The saturation values at  the bottom rose to the
s F aoe levels when  the summer stratification  tended
disappeared by e a@nd of August  and  isothermal

conditions restored throughout September.

The general oxyoen pattern in Loch Rusky was largely
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simi i ar to ST + o temperature., Mixding

under isothermal conditions appeared to be the mest

imporbtant factor affording uniform  saturation  level

throughout  the whole columnn of wabter during aubumn, winte

arc B LTI During ST § O Y QET produced by
photosynthesis underneath the swiface appesr to be the most
L,
H

important factor  in explaining the meintenance  of  high

oHygen levels wder summer bTemperatwes and low turbul anoes.

The anmnual oxygen

HMewlood in 197373 agresed in general  terms with  that
observed in  the present study, except Ffor July where
Mauwlood described gensral unsatuwated oxygen levels at the
surface and bottom with slightly highesr values between 3
and ém, and uniform oxygen concentration with depth in

August.

3. LIGHT

The resulits of light measurements taken on five
pocasions throuwghout the yvear are presented in Figure 4.
Light penetration throughout the water column, edpressed as
a logarithmic percentage of the incident light at  the
surface, i% plotted against depth in Figure 3. Insolation

@nergy input was  not - omeaswred in this study but



Figure 4: Incident light energy from October to November 1985
and from May to July 1986, expressed in peinsteins.
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" Figure 5: Penetration of incident light throughout the water
column from October to November 1985 and from May
to July 1986, expressed as logarithmic percentage
of the incident light energy.
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e

sumed that this is dependant upon duration of daily

sunshine and cloud cover.

During egarly autumn the incident light at the surface
remained relatively high at 700 and 250 peinst.  but  the
extinction to 1% throughout  the water column waé reached
above dm. The absorbant materials, both dissolved and in

suspension, increassd &t this season & & result of high

rainfall and ssems to be the mejor feactor responsible for
poor light penetraticon since plankton biomsss did not attain

high population levels.

From avtumn to winter high levels of light incident
decreased by reduction in day length, increasing cloud cover
gduring the ssason of high rain and by lower solar elevation.
These factors are reverssd through spring - summer. The

HE

greatest rate of change in day  length ccocuwrs &t around the

vernal and aubumnal sguing.

The euphotic rone defined as  depth where community

hotosynthesis and respiration over a 24 how period are

..,..
j

compensatad {Hutchinson, 1967) was not applicable in  this
study since respiration  and tobtal radiation were not
measursd. The incident light extinction throughout the
water col wmn to 1% where photosynthesis is usually

ingignificant (Talling, 1962), was judged to be more useful
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Figure 6: Seasonal changes in hydrogen ion concentration
(pH) at the 1lm in Loch Rusky from October 1985 to
September 1986 and in the main inflow from February
to September 1986. Isopleths of pH from 1 to 10m.






.
PR VRO, VPR I S P -
with & modle +x11 of

in February ocolnciding with the thermal mindmam.

Beneral higher pH values were recorded at the upper 3m
than at the bottom. Uniform pH readings at all depths were
found  from  Ocotober to December and in February. During
danwary and spring, & pH gradient was observed belbwesn
suwrface and the bhottom. Thies difference was more pronouncec

" ’

3 to .25 and March 6.9 to 5.469) bhan in

e

i January &

fGpril and May.

The pH gradient observed during  the spring became
clearly stespesr in the bDottom 3w duwring the period of
thaermal stratification in  summer. Summer values at the

s b acs

vined high dwing this period when  the thermal
stratification disappeared, around the end of August and the
pH oat the bottom rose. The gradient from the suwface to the

pottom was 0.7 {ranging from &.8 to &.13.

33

In September the uniform and more acid conditions of
autumn were restored, and lower values in the top 1m were

recorded.

During this study of Loch Rusky, & range of pH values
ten  times more acid tharn those described by Mauwlood in

12721973 was found.



e ALEALINITY

The madimum alkalinity measuwred in Loch  Rusky  was

8. dmg  HOOw/1 at the bottom in Movembers. The minimioum

of Zmg HCOx/ 1 occourred during April Fig.7?)  The seasonal

variation in alkalinity decreased from an  autumn maximum of

armumd Se B /] to lower winter values of 9.é6mg  HOOwAL

during January and Felowsery.  From February to the beginning

of April, values fir increased  to 13mg HCOx/1, and later
diropped  steeply by the end of the month. There is some

doubt about the recording of this albkalinity date. This was

followed by & gradual inoreass in concentration.

The alkalinity depth distribution had two seasons with
apparently higher values at the bottom:  in November and in
July and August  during  the period of stagnation. During
winter, levels at the swiace were higher than  at  other
depths. alkalinity differences with depth tended to reduce
in Maroch and from  April to  Jjuly uniform distribution was

watablished.

At ter the period of  stratification in  summer,
alkalinity increased throughout all depths. From the end of

fuguet  to  September & slightly larger concentration of

‘]
3
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Figure 7: Seasonal changes in alkalinity in the Loch at the

' 1m from October 1985 to September 1986 and in the
main inflow from February to September 1986.
Isopleths of alkalinity expressed in mg/l.
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Figure

Seasonal changes in orthophosphate in Loch Rusky
at the lm from October 1985 to September 1986 and
in the main inflow from February 1986. Isopleths
of orthophosphate expressed as pg/l.
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st the surdace. b this time and

i e

to the end of December phosphate levels were higher at the
top and bottom of the water column.  Fhosphate concentration
at  the swface declined during January  and February,
although was maintained in the deep waters. Throughout March
and  wntil the beginning of April  phosphate  tended to  be
uniform with depth, but there was a rapid decline of values
at the end of March coinciding with the spring algal bloom,

with concentrations reducing from 0.8 to Do 4pgFoa~F/1.

This wuniformity of concentration with depth disappearsd
in April oand May  when dissolved phosphate levels at the
surface and bottom were higher than in the region betwsen 1
arnd G By the end of May the concentration was only

G ipghoa-FL

Fealk  phosphats loading from the main inflow  was  in
sarly May and this swupply could ssplain the restoration of
mutrisnt levels at this time in the loch. & similar trend

was followed at the bsginning of June.

During swnmer phosphate levels decreased from suwrface

fxa
4
i

bottom. In dugust, phosphate levels in the epilimnion
felld g w] DningO4"PX13 but ir the hypolimnion
recovered to 0. A4pgFOa-F/1,  presumably due to recycling

betwesn the sediment and water.

-
Rrg
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Mixing conditions in  September restored uniform rdaﬁvgg

high phozphate levels for auvtumn. The concentration of this

mutrient increased steadily resaching & maximum  in November

The seasonal  variation of phosphate levels in the
letter  Buwn ranged between Eulﬁpgﬁﬁ4m*f, in February to
traces in March, and showed three irregular  peaks (fig. 8.

-y

The maximumm  in winter at about MHQPQ?H4~F/1 was followed

G

v & steep drop by  the end of March and two increases i
around the maximum values at the beginning of May and again
in July.  The summer period was thus marked by higher values
than in  the loch itseld, presumably influenced by the low

inflow rate.

The seasonal  phosphate pattern shown by Maul ooc
(L978-73) was similar to  that descoribed above. The levels
in  the loch ranged between 18,757  and D0 1pgFOa~F/1, being

clearly ater thamn those shown in this study. The ftwo

ir"n

studies wvsed different methods to messuwre phosphate and
this, together with unknowsn differences in fertilization
practice in the catchment (see page 830, could account for

the discrepancy.
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The observed nitrate concentration in Loch Rusky ranged
from 268 to 1SpgMOx—~N/1 (Fig.9). The arnnual variation
showaed greater levels for  actumn and  winter with 1ower
values  in spring and  summmer ., The madimum  valus  of

oy SRS

AODPGNOx-N/1 was  found  on 12 March &t %Bm and  mindmuam

CLESugNOx-N 1) on 12 at  1m. The nitrate curve

shoawed two points of ean concentration cdrop;  one in esarly

December when the lowest content of this nubrient

registered and the second in July  in the epilimnion. i

January the nitrate level was slightly higher in the  top 3m

1

than the bottom, but from Februsry to bthe middle of Maroh

T L

greater valusgs (2235 to  H&SughOa-N/l)  were concentratec

Bretween 1 and  Sm, whereas at the suwwrface values wers be

NIRRT I

From March until October there was & general decline in
mitrate concentration. Nitrate values during  spring and
until the middle of June were uniform  throuwghout the water
column  edxcept Iin April  when observed values dropped to

iESFQNﬁmwNﬁln

U Srd June the maximum  phytoplankton bilomass was at
Am coinciding with & low nitrate concentration

(@&Pgmammmflp, By the end of June and beginning of July &
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Figure

9:

Seasonal changes in nitrate and ammonia in the loch
at the 1m from October 1985 to September 1986 and in
the main inflow from February to september 1986.
Isopleths of nitrate expressed as ug/l.
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arl

Mauwlood s

with the present

S0 F ace

31 i mmetic

FOMGNC-N/L in the epilimn

batween

brercame

nitrate content

Ted with & b

TEFT

than in

d

waters.

EERD @I

stratification reversed this gradient and the

water reached 100 to LAGpghOz~N/1 against &5

10

with phosphate, wmixing conditions in  September

a uniform pattern throughout the depth of the water

with general values rising through October and

In October the highest nitrate concentration was

the bottom SBm of the water column but i Novembse

1 i w

arl

annual mindmun value was  reached in mid December,

v & gradual rise in nitrate levels until late

his is the period when the water contained

nitrate levels.

was a close correlation  between the pattern of

concentration  in Loch  PFusky  and the Letter Burn

The range of valuss for the burn was between 260

dapgmﬂwwmflu

study Ffor nitrate pattern agreed in general

study. In that study the loch registered




omidy one annual nitrate downbturn,  in summer. The nitrate

FREMGE WARES between 291 and AEPGNOx-N/1 .

The level of  ammonia in Loch  Rusky was  almost
undetectable (below 1opgNHa~-N/1)  during  the year under

study (Fig. %i. The generally well oxyvgenated wabter

conditions in  the loch meant that inorganic nitrogen would

it

#igh mainly in the oxidised form vizs nitrate.

Oetober with 1E28pg MHa-MNAY average value at

i1
i
s

L T

depths and July  with W&Hg Mg B AL .wara the two peaks in
the seasonal pathern. Im July nitrate and ammonia in bobth
the loch and  the main inflow reached similar values. The
Letter Burn (fig. 9 showed the same ammonia trend describsd

vor the loch itseld.

Mauwlood did not carry  out  evaluation of this nutrient
in his study.
2, BILICATE

The general pattern of seasonal variation of silicate

in Loch Rusky (Fig.10) distinguished a winter maximum and
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Figure 10:

Seasonal changes in silicate in the Loch at the
1lm from October 1985 to September 1986 and in the
main inflow from February to September 1986.
Isopleths of silicate expressed in mg/l.
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SOBLUTHRET ML ML mulm v

this nutrient  was
trace levels. This was similar to the phosphate and
rid b ogen patterns described earlier, particularly with

nitrate. The  mas b mum (&“?EmgSiﬁmmjil)racmrdad in Januwary

ard the minimuam (O, 08mg51 Ow-571) in Julvy.

There were four periods of variation with depth svident
throughout the vesr . January registered the peak values with

higher silicate levels bebween 1 and  2m tharn  at  obther

depths. From thern wntil September & gradusl decline was

apparent, During Februsey and March @ swrface values wers

Hiaher than &t the bottom, and there was & consis

1

sted until May. From the end of

depletion at 2m which pers

1
i

negative correlation

o
i

March to  June there sgems to b
batwesr  «distribution o silicate with depth ard
phytoplankton biomass, which was primarily dominated by
Diatomns. Iin late April were registered lower levels of
zilicate at the surface and at the bottom. This trend was
aluo shown by Mitrate.

During May and June, silicate levels tended to be

uriform with depth.
Silicate concentrations became a minimam in the top 3m

cdiring July. The values in deep water gradually increased

from the beginning of July to the end of August.
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Uniform values in September were followed by & slight

ame in October. November registered a rapid riss in
concentration during the first two weeks which after a pause

ot two weeks continued from the beginning of December unitil

the end of Januwary. In December im and Sm showed  1ower

£
-
i
£
@
i
Rt
®

The Letter Burn showed two sessonal  peaks, in both
winter and summer. Ite silicate content ranged betwsen 4.92

and Z.06mgBi0x-5/1  and was generally bigher than  in the

loch ditself. This pattern in  the main inflow was expect
because  of the silicate richness of the rocks in the
catchment., The nubtrient loading in the Letter Buwrn ssems to
e related to the westher conditions and thus its variations
i Flow rate. High rainfall lead to increased nutelent
inpuwt to the loch and conversely low flow is associated with

reduced input.

The seasonal pattern for silicate was similar to that
described in Mawlood' s study. The silicate range in the
latter was betwesen 3032 and 0.1ma8i0x-5/1, & slightly
Righer minimum and half the levels in the maximum, compared

with the present study.
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A8 SULPHATE anND CHLORIDE

The chloride ion concentration changed during the vear
in a generally opposite way from that obeerved for the
micronuwtrients (Figure. 110, The lowest values wers
registerad  in awtumry,  with  the minimun being %.2% mgCl/l

i1 Movember. These were followed by & gradual incre

during winter to reach 14, 7mgCl/l by  the beginning of
February. This concentration ingreased slightly  duwing

spring to 17.5mgll Al arnd from the end of April to August

Framained constant at 15.75mgll /1. ABfter & steep increase
the maximam of O.AmgClsl by the middle of August, chloride
declined to the summer value by Septembsr  and continued to

+all bo the minimun level in autumn.

The range of chloride in the stream was between  18.4%
ancd 10,08 mgCl/l. Concentration in the Letter Burn was

closely correlated  with the levels in the loch wantil the

end of April, although May to July were more  or

ant but  lowsr, and it showed & @inimwsm  in August

the increase registered in the loch.

Suiphate results were calcoulated Joirmtly with mite:

as was described in the materials and methods. Far the

whole pericd the proportion of nitrate represented less than

LO% of the sulphate.
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Figure 11:

Seasonal changes in sulphate and chloride in the loch
at the 1lm from October 1985 to September 1986 and in
the inflow from February to September 1986. Sulphate
and chloride expressed in mg/l.
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Lo 0s, see ohe peen Pl or - sose seen enae oo s 1 ¥ +
Sulphate showed generally lower values than chloride

(Fig. 11} inm the loch except in avtumn. The Mighest levels

15

at 19.2mg8046/1 were registered in October, and  showed &
continuous decline $rom  then until  the snd of January.
Levels in spring  remained approdimately the same as  in
winter with a constant value of 12.0mgBtarsl, and the onlv

increase took place in August  when  valuess reachsac

15, Zomgiiasl .,
There was shown to be little variation of chloride and
gulphate concentration with depth during the yvear wundsr

study. {(Sees appendix X1, paxge'/lM),

The range of concenbtrations in the main  intlow

wr

petween 10,546 and 20.74maB0L/1. It showsd & much more
pranounced sunmer increase  than  in the  loch  starting in

arly June. The curve  was more or less  constant, with

1

larger valuss in avtumn and  at  the end of August. The

P

of the curve f+ollowed that for the loch itself.

Mauwlood did not analvse ﬁkﬂérﬁgé,&nd Qﬂeha&e.
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Dissolved organic matter can be an approdimate measure

of  the allochthonows material received into the loch. The

variation in C.0.D. within Loch  Rusky followed

trern with & peak level of 18.86mg0x/l  in

There was a gradual decline until August, whers was reac

the minimum of 7.63ma0x/1 (Fig. 13).

Autumn was the wetltest ssason with  the greatest supply

disenlved matter input into the looh. During dMovember
slightly decreased levels at lémgdz/l wers recorded at ilm,

o P L3 e

wWith values of 18mglx/l  throughout the rest of the water

column. From  this auvtuwnn pealk values fell gradually duwring

winter to 14-123mgls/l  and remained abt  8mgde/ /1 from April
to July. fAugust  showsd  values  about  7mgGasl at  the

surface  and Sm. From the end of August levels

increasing  wuntil  10mg0e/l  in September and  15mgle/l in

Ootober.

The Letter Burn did not  show seasonal differences from

the 1oo

o

y itself over the periocd it was sampled.

-~

Maulood did not analyse (C.0.D.
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Figure 12:

Seasonal changes in total dissolved organic matter
(COD) in the loch at the lm from October 1985 to
September 1986 and in the main inflow from February
to September 1986. Isopleths of dissolved organic
matter expressed as mg/l.
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EeoZ. PHYTOPLANETON COMMUNITY

ABONAL CHANGES TN ALGAL BIOMASS: chlorophyll a and total

i

umbrers of individuals.

Chlorophylla a and tobsal number of cells have besen us
ag indices of total algal biomass.  The seasonal pattern is

plotted in figures 13 and 14,

The low total biomass (7 0w 1o dndividuals/Al) Sl

r

winter increased rapidly  during  the last part of March to

Migh values {14 » 104 ind/1) &bt the beginnming of Spril o w

e ERE

the first spring peak  took place. This inore
followed by a rapid drop in numbers at the end of this mornth

to 2 0x 10% ind/l and by & second more attenuated peak in

s

Flav. This algal stock wes greatly concentrated abt the

suwrface and in the bottom Sm of the water column.

June recorded the second spring peak and the population
was evenly distributed in approximately erual numbers (15 o
104  ingd/ly &t all depths. During sRELNG the  algal
population was totally dominated by diatoms  and the tobal

Chlorophyll a content closely followed the phytoplankton
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Figure 13: Seasonal changes in phytoplankton biomass at the
surface 1, 3, 5 and 10m from October 1985 to
September 1986. Biomass ' ' expressed as number

of individuals or colonies per litre.
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Figure 14: Seasonal changes in Chlorophyll a at the surface
Im and 10m from May to September 1986 expressed

in/ug/l.
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o Fanging bhetwesn 2 and & mosl

from May

By the ;YHNAALQ coof July  the algal

the maximum annual density of 3.10%  imd/1 in

TwWes

simal l  increase  throughout  the sumnmer

autumn peak of 18.10% ind/l maximum  biomass

Movemiber.

The total chlorophyll a

merr are apparantly  in discrepancy with

standing crop.  The July bilomass peak

vz

of chlorophyll a concerntration at all

depths.

and SBeptember, the cohlorophyll levels

pronouwnced increase in values than  described

mumbers of individuals at the same time.

The proportion of chlorophyll degradation

shown  in {(Fig. 5y and  remainsd @more  or

throughout the period under  study. A

proportion  of degradation products was

i

"

the the deep water than at other dpeths

The

Maulood in 197273, followed a similar pattern

i this

4%

FAGE

f )

popul ation

weeks later this value declined to 3.104 irnd/l

to lea

values encountered
thoss
coincided
Durimg &g

slowecd E}

slightly

alwavs measured

seasonal phytoplankton biomass results

Juire,

reached

the upper Llm.
showing &

o to a

the

ir

1O

&t

for b

wWith &

+ o

i

|3 g ducts

1 @

EA =

constant

high

described by

to that shown

study although he reported larger populations.



Figure 15: Vertical distribution of Chlorophyll a and
degradation products from May to September 1986
expressed in ug/1. '
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SEALONAL

CHENGES  OF

THE MAJOF:

FHY TOFLAMETON

GROLIFE

The seasonal succsssion

recorded in Looh

is shown in Fig. 1é.

Diatoms the

T e

phvtoplankton group in this

throughout ths vear

commianity from Maroh to o June.

this group ocowred duwring

VS ak A Y g o »

The variety of Diatoms spe

sLunmer with &

S0Y of total

diatomsd. The vertical

water.

deepar

astratification argd

conditions.

Cryptophyoeas (Rhodomonas

of main

Rusky from Oot

most
study.

arnd clearly

mid

max imum diversilty

species identitied

popul ations

olbvi ous

phytoplankton

3 e B )]

o
158

1985 to Septembar

abundant arcl o i

They were pressnt

dominated the plankton

summer and  the aubumn

igs decreased from saatummn To

i the early spring (1.,

at the end of Mar okl wers

distribution of diatoms showed a

to concentrate in the

apparant i the  swnmer

under mixing  waber

minuta wver. nannoplancticsa

Shuia. arnd Cryptomonas  ovata

Frists 5o

Ehir . ) and Cyanobacteria



Figure 16: Seasonal patterns of the major phytoplankton
groups at the surface 1, 3, 5 and 10m from
October 1985 to September 1986.
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mktorm chariog b
Crvptophyvoeas were largely distributed in the @pilimnion and

attained & rapid "bloomn” in nunberse in mid-summer . Thid s

group was well represented in the rest of the seasons and

L

cminant again in the commanity in the sarly autuamm. T

vl distribution  tendec

to be uniform  under e

water condibtions.

Cvanobacteria  were  dn this  study, the thivd most

important phytoplarnbton tasa. They were characteristic of

the latter hald of the vear., Small gelatinous colonies of

(Chrocoocows dispersue (Keldsse) Lemmer and Coelosphassium

Maegel i anum Unger.)

Sull:

AT important prop

phvbopl ankton sommund By during the summer in the  midodls

depths, The auvtumn overturn population was mainly domina

by an unddentified Ovanoba {epe table ID.

This algae was characterissd by large numbers  of

sige round cells organized  in drregularly shaped

colonies with blus-green cell pigments. It oocouwred at all

depths was most abundant  at the bottom. During the

il WEE Cvancbacteria were present in  insignificant

Chlorophveoeae e e A minor componernt ot the

phytoplankton. In December a population consi s orf

filamentous forms {(Stigeoclonium sp. and Oedogonium  sp.




Table II. Species composition of the phytoplankton.



TABLE II

_ SPECIES COMPOSITION OF PHYTOPLANKTON

DIVISION CHRYSOPHYTA OCCURR. REL. ABUND

1. Class. BACILLARTOPHYCEAE

Achnanthes lanceolata de Brebisson - -

Amphora ovalis Kutz. + -

Amphora veneta Kutz. - -

Asterionella formosa Hassal +t++ cens
Cocconeis placentula Ehr. o+

Cyclotella comta Kutz. - -
Cymbela sp. - -

Denticula tenuis Kutz. - -

Funotia lunaris (Ehr.) Grun. +

Funotia pectinalis var. minor (Kutz.)Rabh. ++

Funotia pectinalis var.rostrata (Kutz.)Rabh .+ -

Fragilaria crotonensis Kitton +

Fragilaria virescens Raffs. - -
Frustulia rhomboides (Ehr.) de Toni. - -

Gomphonema acuminatum var. coronata Ehr. - -
Gomphonema angustatum (kutz.) Rabh. +
Melosira granulata (Ehr.) Raffs. + .

Melosira italica (subsp.)subarctica O.Mull. +++ : ..

Navicula cuspidata Kutz. - -

Navicula cryptocephala Kutz. + .

Navicula flagilarioides Krasske. - .

Navicula subtilissima Cleve - -

Navicula sp. - -

Nitzschia linearis W. Smith - -

Pinnularia gibba Ehr. - -

Pinnularia microstauron (Ehr.) Cleve - -

Stephanodiscus sp. - -

Surirella elegans Ehr. N . .

Synedra acus Kutz. ++ .

' Synedra affinis (Ag.) Kutz. - -
Synedra ulna (Nitzche) Ehr.' ' - -

Tabellaria fenestrata (Lygnb) Kutz. S+

Tabellaria flocculosa (Roth)Kutz. Tt




2. CLASS CHRYSOPHYCEAE

Dinobryon divergens Imhof.
Mallomonas caudata Imhof.

Mallomonas urnaformis Prescott.

3. CLASS XANTHOPHYCEAE

Tribonema bombycinum (Rerbes) Solier

DIVISION CHLOROPHYTA

1. CLASS CHLOROPHYCFAE

Ankistrodesmus falcatus (Corda) Raffs.
Chlamydomonas sp.

Coelastrum microporum Naegeli.

Dictyosphaerium pulchellum Wood

Elakatothrix gelatinosa Wille.

Oedogonium sp.1l.
Oedogonium sp.2.

Oocystis crassa Wittrock

Phaerocystis Schroeteri Chodat.

Quadrigula closterioides (Bohlin) Printz.

Scenedesmus bijuga (turp.) Lagerheim.

Stigeoclonium sp.

2. CLASS ZYGNEMAPHYCEAE

ORDER ZYGNEMATALES

Netrium digitus (Ehr.) Itz-Roth.

OCCUR.

REL ABUND.

of



ORDER DESMIDIALES

Closterium acutum Breb.

Closterium dianae FEhr.

Closterium toxon W. West.

Cosmarium praemorsum Breb.

Cosmarium punctulatum Breb.

Gonatozygen monotaenium De Bary

Micrasterias rotata (grev.) Raffs.

Pleurotaenium coronatum (breb.) Rabenh.

Staurastrum grande Bulnh.

Staurastrum pingue Teiling

Xanthidium antilopeum (Breb) Kutz.

DIVISION EUGLENOPHYTA

CLASS EUGLENOPHYCEAE

Euglena sp.
Phacus sp.

DIVISION RHODOPHYTA

CLASS RHODOPHYCEAE

Porphyridium cruentum Naegeli.

Asterocystis smaragdina (Reinsch) Forti.

DIVISION CRYPTOPHYTA

ORDER CRYPTOMONADALES

OCCUR.

. ABUND.

Rhodomonas minuta var.nannoplanctonica.Skuja.-++

Cryptomonas ovata Ehr.

+++



OCCUR. REL.ABUND.

CLASS DINOPHYCEAE

Ceratium hirundirella (Muell,) Dujardin - -

DIVISION CYANOBACTERIA

Anabaena flos-aquae (Lyngb.)De Brebisson - -
Aphanothece nidulans Richter - -

Botryococcus braunii Kutz. -

Chroccoccus dispersus (Keissl.) Lemmer +
Chroccoccus FPrescottii Drouet ~ -

Coelosphaerium Naegelianium Unger +H+

Gloeocapsa aeruginosa (Carm.) Kutz. - -

Lyngbya sp. - -

Merismopedia elegans Var.major Smith - —

Microcystis aeruginosa Kutz. - -
Oscillatoria tenuis (Agardh) Cecades - -
Phormidium tenue (Menegh.) Gomont - -
Spirulina Nordstedtii Gomont - -

Synechococcus zeruginosus Naegeli - -

Blue-green algae bacteria (unidentified) -

UNCLASSIFIED
Protozoa 1 et
Protozoa 2 +
(100 = 75%] [_"5@—'1101]» ,
175 = 50%]  ++ ’}:11L-*v17.“«]j .
150 - 25%]  « I T 6171

under 25% - wider 0L1% -



importance  in the bottom  ®m and G

Masgell was present in the epilimnion  in J

were an  insignificant component of the

of chlorophyoeas.

Ot e less abundant phyvtopl ankton g o

Chryveophyvoeas  represented by Mallomonas in mid-spring and

Dimobrvorn  divergens  Imhof. in  late summsry;  Dinopbsy

coourred dn summer with ol oy e spEct

2

Rirundirella (Muell.) Dujardin end Euglenophyoeas

sp. ) in aspring, bobth never reached significant high biomass

{see Tabhle., 117.

FHY TORLANETON SPECIES

& total of 86 different algal species was recognized in
this study (Table 1I1). The most important component of the
phytoplankton  was  the Diatoms. They showed also the

greatest specises wvarieby, (33 identified), howsver

i
o
i
1
o
i
i

Cryptophyvosas had  the &t b mum it seasonal  abund
Uvanobacteria were usually represented at times  of  low
biomass population mainly by colonial species with high cell
numbhers,  The Chlorophyta was  infrequently present in the

phytoplankton and never reached siginificant levels of

abundance.
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Froom bl

sal o mamb identified only sight

species  were recorded fregquently enough to  permit  an

gramination of individual seasonal and vertical pattern.

e

terionella formnoss

{-’;

HAaterionells formosa Was the most +freguent (Y04

Pt

orowrrence) and abundant (42% rel. abundance) diatom species

of the phyvtoplankton in Loch  Rusky (Table 113, The ss
pattern showsd & large peasb from March to June when tThe
masiimum  population levels (13 x 107 ind/l) were reached,
@reept in late April when the species was compleitely absent

(Figure 17). & mov e aburndant in the bottom

in the ssrly spring through Juns ii was distributed
evenly with depth. In July, when thcrmal stratification was

well defined, Asterionslla formosa was  almost entirely

restricted to the hypolimnion, and practically disap

during August.

e
B
Jant
ot

& second very small increase (1 x 10%  ind/l) at
depths occwred in September at about the time of overturn.
There was no apparent late auwtumn ‘peak of this species.
Fopulation numbers remained low and unifarm.during autumn

and thern dropped to winter levels. MNo vertical differences
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Fignre 17: Seascnzl patterns of Asterionella fomicsa and
Melosira italica at surface 1, 3, 5 and 10m from
Qctober 1985 to September 1986. Populations
expressed as mumber of colonies per litre.
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atbuimi ang Wit

The cell number per colony in this study was shown Lo
be slightly higher in the colder seasons  than in spring and
SUTITET 4 fiom ar average of 8 cells/colony Lo b

cells/colony. {Appendix V1, pagel?ﬁé,

foeimilar seasonal pattern to that found by Maulood in

197273 was shown.

Melosira italica

i

Melosira italica shared dominence with éGsterionesllas

formosa  among  the distoms in the phyvitoplankton in spring.

Ite frequency and abundance were 83% and 9% respecitively

{Table I1). Ite swsasonal pattern (Figure 177, showsd an

apparsnt peak {7 # 109 ind/l; in the early spring.

Fopulation levels of Melozira were mainly in the bottom 2o,

similar to A, formoss. The vertical distribution of 7.
italice showed slightly higher population density in fhat

region for the whole year.

y smcond smaller spring peak (1 = 109 ind/13 o

i
el
“r
it}

Melosira was registered in June but at this tim

population was rather lowsr than A. fOormosa. The



ol

et L et

during -

re-satabl i shed

population remained at wuniform low levels during aubumn and

winter. 4 the distoms, M.

in the phyvtoplankto

i

LM e

thory was as A

in the colder seaso in suwmmner from an average of

to 14 cells / colony (Appendis VI, “a@"ZLD For these

species and Tabellaria fenestrata, a particular larges numb

in oells per colony was reported after restoring water

mixing conditions in Bsptember.

I
e
-t
fat
i1
i

Maulood reported & similar seasonal pattern  of

species in 1972735,

Tabellaria Fene.tratm

This was a less abundant species in the phytoplankton
.

I A but its Frequencé reached 72% (Table 113, Tt was

mainly distributed during autumn and winter (figure 18) with




Figure 18:

Seasonal patterns of Tabellaria fenestrata

Eunotia pectinalis and Synedra acus at the

surface 1, 3, 5 and 10m from October 1985 to
September 1986. Populations expressed as

number of individuals or colonies per litre.



irregulary  during summer, mostly present in the hypolimmon.
At 10m the population size was more constant than at obher

depths throughout the v

" There was & ssecond peak (4

102 dnds1y din Movember  after  which population  numbe

Low during wint

The mumber of cells per colony was lower in the colder

TS cells/colony) than spring-summer (8 cell/oolonyd

thppendix V1, pagedR4).

Freviows work on the Loch {(Mawl ood 197275 showed &
moye o less simllar seasonal pattern for this speciss with

thres

peaks: one in late summer, & second in autumn and the

third in the spring.

Tabsllaria +lococulos

4

bundance {0 14%0) arc

1t

This species showed 1owse

freguaency (&1H%) than T. i the phyvtoplanston.

{Table 1I). The spring peak extended wuntil June and 1lowsr
density levels were remained in  the hypolimnion throughout

summar. The species was almost absent throughout the water

Fri}

column in the arly autumn. Thie species reappesrad  in

Movember and its population density remained more or less

Fage Dé



Fo Tt was at its highest  density

PG R ORWEE s Wiy

most constant ocowence st the 10m depth, as

L&

and & nearly constant population at the surfaces.
The number  of cells per colony remained more or less

cornstant (Z cell/ocolony) throughout al) seasons (Appendix

Vi, page 4 1#) .

This species was not reported in Maulood s study,

Eunotia pectinalis var. minor

This spescies was mainly present in  the phytoplankion
from February to September and always less than D00 ind/1
{(Figure 18). E. pectinalis wvar. minor is considered to be

an epyphitic diatom in origin which is washed into plankion

g
it
e}
N
-2
{
wl
o
o
yl
)]
-
3
B
T
1
]

by twbulences., It had a relative fregu

similar to T. fenestrata. Its seasonal gpatiern hesd ro

apparent sgasonal peaks, although April  and Sepiesber
registered highesr density.
There were no ssasonal differsnces in £ ol & g 3 ]

digtribution ezcept during the summer stratificabion when

m
K

X
T
o
N



Syvredra acus

ded with a freguency of A%E and

an abundance of O0.4%, similar to Tabellaria fenesstrats. Tt

sgasonal pattern is shown in Figuwrs 18).

comi nant Rkl AL LM il

spring, showing & vertical distribubion in the upper wal

from Movember to winter with

& maximum peak of 1w 10% dnd/l 0 din

difference in vertical distribution was registersd during

meoEm L,

sumner wWwith & population of 2.3

indsl cccuwrring im bhe

gpilimnion duwing the sarly  swnmer  and  a  similar

recorded in the bottom Swme This latter population is

to correspond to Fragilaria crotonensis

This species was not reported in Maulood's study.
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Crvptononadal es

Crvptomonas ovata

through  the whole duration of the

astudy (Figure 19}, The frequency was 100% and 107 abundance

in the phytoplankton.

The seasonal pattern showsd an autusn, & 0 spring  and

two summer peaks, The autumn population pesk dropp ]

minimum  winter levels. The spring registerasd &

slightly higher than that in autusn and ;early coneb Loend

with the first summer pe in June.

Distribution was wuniform with depth throughout *

the time of the late summer pesk 1o Sugust

..
e

vear @ edospl 8

was  mainly  recorded from the upper Lo, Im

witterr (.

August,  the phyvtoplankton biomass was mainly dominated by

this speciss. Sepltember registered & moore oF

E

distribution with depth and except the extraordinarily high

level at  the 10m in Ootober, the awbumn  peak was the

t.

ifi

smalle

0 ovata was not recorded by Maulood, instead of this

species, Feridinium, Ceratium and Fragilaria were registered




Figure 19:

Seasonal patterns of Cryptomonas ovata and

Rhodomonas minuta var. nannoplanctica at the
surface 1, 3, 5 and 10m from October 1985 to
September 1986. Populations expressed as

number cells per litre.
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o P IO S— ooee en e sese 2% 8 & puse meme ems 3gee gose coon seee ofas Jues cove
at the sane EELUTHTEY mothiis .

Fhodomonas minuta var. nannoplanctica

This species showed 17.5%4 in  abundance and 749
freguency in the phyvtoplankton.,  The geasonal variation

showed an avtumn and larger mid summer peak (Figure 193,

Therse was an apparent stratific

Lion patbarn

of this specie, distributed in the epilisnetic region during

the [rer i o o SLLTTER thermal stratification. The

phivitoplankton  was greatbtly dominated by this speciss in

second part of  July  and shared similar populations tharn 0.

levels through the af bthe year except in

when i1t was almost

absant, and  in the autwmnal pesk wheres
particularly low populations were registered in the midodle
waters.

This sries was not recorded in Mauwlood’'s studvy.

T.03. PRIMARY PRODUCTION

The seasonal pattern of the primary production

determination in Loch Rusky, is presented in (Figws Z0).

e GO



Figure 20: Seasonal changes in primary production from
October 1985 to September 1986 expressed as
joules per m? per day.
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anmiial  pabttern  showsd

Targe distinct

proaductivity in spring and two small increases in mid summear
and early winter.

The spring production peak, started slightly earlier
in Marah than  the spring inorease in phytoplankton standing

od ] u The rise i production at bthis time was very r

From Le

tharm 5 o 1 e (J/7m*®/day) dn early March bto 14,3 «

0% {0/ m®/day) by sarly éApril. L
proguction declined to lower winter values coinciding with a

decrease in population nunbers,

The primary production was generally low duwring  ths

rest of spring snd suammer months, with only small p
i = 10 (3 im=2 dav) i HMay  and Julv. &t this time the
U

production  rabte did rnot correspond to biomase pattsrn as

11 numbers which showed several

e SE L el by i1

spring and a mid summer peak in July. In fugust there was a
pronounced drop in production, Just prior  to recovery to

previous production valuss in the garly autumn.

The winter production peabk was confined to December and
January and ocowred approdimately a month  later  than the
autumnal algal bloowm dominated by Cyanobacteria. At this

104 (i/m=/davy) was reached

station a production arocund 2 3

under the annual shortest daily light regime.

T
h
s
1
m
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The profile with depth of the primary production is

o ted in (Figure 210, The production was mainly confined
to the upper Om for most of the period under study. The

af  maximum depth Tight penetration was esstablishsed

at the 4m, calouwlated from cccasiconal light readings tabken

period of study. (se

i

pags 37_) .

onal production profile with depth (Figurs 210

showied approdimately  homogeEnecsus  value

o
il

throughont  the

water ocolwnen, during adtusn and winter, swcept in Dscembsr

and January which pre timum 2t the botiom

a
o
fomt

Tw
“r
o
-
=
n
Y
3
Bt

SBm. The spring peak showed & 0 wverbicasl distribution wilh

maximum  production at the surtacs and gradusl decresse wibth

fus

depth through  the esuphotic zone. By June the produchtion

gxtended into desper waters.

During the pericd of stratification, mainly in July,
the spilimnion showsd uniform production and the maximum was
reasched in  the bottom 4m. The previous profile observed
during mixing water conditions was established again during

Afugust and September.

I
n
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Figure 21: Vertical distribution of primary production from
‘ October 1985 to September 1986 expressed as
mil{grams of carbon per m? per hour.
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LOOFRLANETON COMMUNITY

SEASONAL. CHANGES TN BIOMASES-

For the madior part of  the vear, the seasonal changes

af  zooplanktorn biomass were similar  to those for  the

phyvtoplanbiton (Figuwrs

The madiouwm bilomass of 330 ind/l  was recorded during
spring, in May and the minimun of & ind/l  in winter. The

low winter bhiomass was followed by & spring-summer peak from

i

ABpril  to the middle of July and then a decrease urntil
second smaller peak of  around 120 ind/1 from mid August
orwards. A late avtumn peak of &0 ind/l  was recorded  in

Movembar before a decline to winter population levels.

In contrast to the ssasonal phytoplankton bionass

pattern (Figurs

levels of bhiomass in the middle of summer.

The vertical distribution ot zooplankton Was
particularly irrFegular during the high spring-summer density
seasons and was more or less uniform in the remainder of the

VEar .

Fage &3



Figure 22: Seasonal changes in zooplankton biomass at the
surface 1, 3, 5 and 10m from October 1985 to
September 1986. Biomass expressed as number:
individuals per litre.
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During the spring-summer pea

Tow amd

with

coeyt doriaed

biomnass, for & spring

Coommur i oy the

the

monospecifio pesk in late

during  summesr sbratification whi

ag  Cladocers ar Copedoda.,

{8ft

approdimately the s patiarn

mixing water conditions in the

gecond monospeci fio bionass peak

stratification

to ma

mainly b

oplankton spe

&

ool umns [k o waker

The

o July,

et
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£
=i

v depth.

SEABOMAL. CHANGES OF

(IR0 W

RES W

ot

cotined e

registered

September peak

THE M&doR

oy

increase in sarly M Thie

AN o

e

Fi ghies

Al

ol consisted of

The

e

shal l ower

| R,
WY

@ar ly

NERRY Y

distribubtion

mest well

el 6355

GROUFPS

the

most

throughout the whole period  of

the best represented in number of

highest represesntation in the

SO A, & month later  than

IO G aseE.. The dominance ot

CoOmmon

zooplanktonic  group

study (Figure 25 and also

gpecies (Table 1I11). The

plankton was reached in

the spring phytoplankton

this group was retainsd



Figure 23: Seasonal changes of the inajor zooplankton groups
at the surface 1, 3, 5 and 10m from Gctober 1985
to September 1986.
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Table III. Species composition of the zooplankton.



 TABLE 111

- SPECIES COMPOSITION OF ZOOPLANKTON -

ORDER CLADOCERA

Daphnia hyalina Leydig

Daphnia longispina Muller

CLASS ROTIFERA

Ascomorpha ecaudis Perty

Asplanchné_Priodohta.
L

Brachionus angularis Gosse
Euchlanis dilatata Ehrb.
Filinia longiseta FEhrb.

Kellicottia longispina Kellicott

Keratella cochlearis Gosse

Keratella quadrata Muller

Polyarthra remata Skorikov

Trichocerca similis Wierzejski

Trichocerca spp.

ORDER COPEPODA

Cyclops sp.
Diaptomogbs gracilis Soxs.

Nauplius

OCCURRENCE

REL. ABUNDANCE

++

++

+++

++
+4++

Occurrence :

[100 - 75%.] +++
175 - 50%]  ++
1 50 - 25%] +
. under 25% -

Rel. Abundance :

[25 - 10%]
110 - 5%]
1 5- 1%]

under 1%




thro i ELUTTET o Tie

distribution was unifors during  actumn  and  winter  and

irregular  during  spring. The summer registered & highse

ooowrrance in the hypolimnion.

waters from April to

appeared in low numbers

Towi

breginmning of  August.

sgasone prior  to those observed for adults and was prs

at all the depths during the wholes vear. There wWas "o

direct evidenocs in this study of the number of generst
of Copespods, but it is presumable that the two nauplii peabks

lead to two generations of adulits populations.

era  wWere  the minor group  in the zooplankton

01 ado

i
i

commanity, mainly vrepresented by Daphnia hyalina which only

gocurred in significant numbers in the epilimmion in Julyv.

da were important in the zoocplankton

and Copepa

when replacing Rotifera in the summer sSUCCession.

ZO0PLANETON BPECIES

f total of 1% species were identified +rom the

Fage &5



to Rotifera, ® to Cladocera and & to

Copepoda. Ormly 5 species (Folvarthrea remata, Heratella

cochleslis, Filinia longiseta, Trichocerca =3

¢ oouwrred in safficient numbers to permit Lhs

determination of the seasonal pattern.

Rotitera

Folvarthra remata

This was the most common of the scoplankton species in

; I

Loch Fusky, over the period of sampling ocourring on 84% of

r+
ifi

oocasions and resching up to 20% abundancs. I SEREOT&L

—~
o

pattern shows three distinct peaks (Figure 243, @ fFirat

peak occwred mainly in the botitom Zm from April to Julyv.

"

Imn contrast, the late summer pealk  in August and September
was  concentrated mainly dn the epdlimndion, &lthough in
September high population numbers were also recorded at 10w,
In late aubumn & third peab was  shown more  oF less evenly
distributed throughowt Tthe water column and thereadter low

popul ation levels remained during the winter.

Feratella cochlearis

K. cochlearis was present through the entire study




Figure 24: Seasonal pattern of Polyarthra remata,Keratella

cochlearis, Kellico€ia longispina, and Trichocerca

sp. at the surface, 1,3,5 and - 10m from October 1985
to September 1986, Populations are expressed as

number individuals per litre.
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i sumnner @&

autumn at  1m ared B respectively Figurs 245 . The

e s el s o e tobal

of  zooplanktorn  {(Table 1113, Maximum population

levels were attained duwing the late spring and the s
SLUTHTIE o The wvertical seasonal  patbtern showed wuniformity

wnder mixing water conditions but under st

o
m

grnation in summear

bBo cochlear was confined to  the bottom Imoof the waber

3=3

columm. There was a wniform increase in number theough
September and constant populstion levels remainsd dwring

awbtuwmnhn and wintsr.

Filinia lonaiseta

orourrence  and 6% relati

freguency  (Table I1I11). There was & disbtinct  vertiocal

sgasonal pattern with greater presence and longsr populat

present in small

levels at  the 10m depth. This
rumbbers during autumn and  winter. The population levels
rase froam Spril bto May throughout all depths but thereafter
becams  exclusively restricied to the hypolimnion wotil
September. The highest population was reached in June.

Beptember registered a small increase in the bottom 3m and

there was no clear aubumn peak except at 10m.

Fage &7



Trichooeroa s

This was an infreguent species in the zooplankiton but
was  oharacterissd by & rapid developement wincter Pl g

temnperatures in early summer (Fig. 24). There was & single

gseasonal peak Ffrom May fto July.  The highest
raached in  July  and  was mainly concentrated in the middle
depth. The population rapidly declined in  the same month

ard disapp

levels remaining in the bypolimnion dwing summer .

z
)

s & small irregular incresss in Beptember sand &lmost total

absence bthersafber.

i

Copepoda

Diaptomus ogracilis

The various nauplii stages were bulked togebther  in

this study. There were high ocourrence (877) and abundance
(1E%) nauplii levels throughout the whole vyear. Thes

geasonal pattern showed two peaks, one in spring and the

other in summer (Figures 25, The spring increase was larger

After this spring maximuwn nawplii population  declined




Figure 24: Seasonal pattern of Polyarthra remata,Keratella

cochlearis, Kellicotia longispina, and Trichocerca

sp. at the surface, 1,3,5 and 10m from October 1985
to September 1986. Populations are expressed as

number individuals per litre.
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throughout the o

fugust . The rapidly during aatumn anod winter,

starting to recover  again from Jansary onwards.

difFerencss found in the vertical distribution. The

mawplii populations recorded higher  valuss

~egion dwing the  spring,  but wers s L e g}

metalimnion  in o Durdng the remsining 5

distribution was uniform throughout the water column.

Fopulation  of cadult owas higher over the

o -, B oo e e o e e e F T a0 smps e oos
&t obher timss (Figuwre

23 .

al pattern showsd a2 gradual  increass

from April to July followsd by & steep declineg and a

larger peak in the late Gugust. D ilis was distributed

in the epilisnion during theroal stratification and in the

uwpper well odvosnated watsr, in the late summer.

;

Other plankton specimens

Thers werg also recordsd i this sty i

t

wnidentified planktonic organisms namsd by Protozoa 1 and

Z ATable I11). Therse was not enough evidence in

al

this study for complete identification, although soms

norphological characteristics suggest them to be FProtozoa.
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umiForm o wilEe

e e R
R R ) RN

tapprod. I00umdand distribution of ciliates over the smoobh
superficie. A nucleus was  apparent in a parental position.
The cell comtent was filled with evenly distributed darbk

granules.

It showesd & high ccowrence of 757  throughout  the
whole vear, reaching a single maximum population in Novembsr

and again  throughout the whole summsr months et Bm. During

the rest of the vear remained low levels evenly distribubed

i bthe water ocolumm.

Fr oo 172G - 180

- @ was smallss than

umi spherical shape with cilia exclusively presented in a
cluster at the anterior end of the cell. The cell conbainesd

a nucleus situated at the

"‘!

vberior snd with 3 - 4 ciliates,
It showed lower abundance than Frotozoa 1 for  the whole

pericd with a single seasonal ocowrence duwing autumn -

aters,

=

winter in the surface

E. 5 DIVERSITY

The diversity of species inm both phytoplankion  and

zooplankton communities was calculated together using the

Fage 70



LA,

of {atruch

it ormalt i on

detaermine the amount

e amng it

el ] soye obijects

structure of scological communiti

£ relates & i ohne

Towo oom g.J A ET

egquitability or relative abundance of

SLIEC

in the rmuamber of speciss and/or & tendencoy

equal distribution of individuals among sp

in hdgher values of  the diversity. The

ot bite

wuni b called bits individual

i

i

[y e

diversity changes

The diversity found in relation to

the plankiton species of Loch Rusky is shown

The minimum diversity for the

the stations and times whers &  small

species  dominated the plankton  biomas

below 2 was regil

April to June. Ofterwards, velues arose  to

the gxcept in the epilimnion where i

annual mindimuwn, below 2.5 as & resulit of

in abundance of nanoplanktonic species.

Throuagh Beptember ,
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Figﬁre 26: Seasonal changes in diversity of the plankton
commmnity from October 1985 to September 1986,

expressed as bits of species per litre.
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e wihol e wa

slimed  to about Zoduring

vami &l
atdtium . From latbtes bMovember to sarly December & @ selective
vertical decresse below 1, took place &t the 2 and 10m.
coinciding with an occasional Cyanobacteria bloom which

coourred mainly i the depths.

The madimuwn annual diversity about 4, was  reached
throughouwt all the depths except  3my,  duwring  the winter.
This caincided with the siniman plankton bilomass but with
the highest richrness of species in both  zooplankton and

phytoplankton communities.
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4o 1o DISCUSST0N:~ PHYSICO-CHEMICAL FPARAMETERS.
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ook Rusky iz & second o Cher monomictio 1a
(Hutohinson, 1257y, with thermal strabtificstion ocoourring

through the sunmer months. Digsolved owvgen concentralbions

were at nearly ation levels throughout  the period of

isothermal conditions  and declined to the minimum in the

Frypolimiion after s al we of thermal stratificetion.

uly! the  total

The rate of oxyogen

amount of oxvgen present, in relation to depth and amoun

sinking desoaving OO EMTL O matter originating i bive

wpilimnion (Golterman, 1973, In & nubtrient poor lake  such

Loch  Rusky, the amount of organic matter sinking is very

i

&

limited and owyvgen depletion would ocow  only  whean bhe

e

vol ume o the epilimnion is large in comparation with the

hyvpolimnion.

The oxvgen depletion in the hypolimnion is  dus  to
deconposition processes  and  animal respiration. There is

not always a constant ratic between Clp produced and oxvygen

Fage
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The owyvgen depletion lwades to &

gecreass  in redox-potential, and the production of
to & reduction  of pH. A0 absolubte disappearance of oxvgen

from overlyving water was nobt detected during

period, albthough it dis likely that during the summer, the

levels at the maximuam depth of 1% dropped below the aodindmuam

recorded (21% at Llmy.

The rise in temperatwe throwugh  the Fivg and Ssummer

reduced the capacity  of  the water to dissolve owygen, and
algal production produced supersstbturated levels in the upper

tavers, Mixing conditions dus to wind induced twbolanos

argt the  shallowness  of Fusky aftorded isothermal and

uniform oxygen sebturation levels throughoult the wat

o most o

=

e YEaF.

~+
e
i1s]
i

Vikely thet the occasional periods  of

duwring  the winter produced a slight oxvgen verbiocal

LS

stratification with supersatwation levels under the ics

supported by algsl production Weloh, 19532).

Light

Light penetration in Loch Rusky is characteristic of a

dystrophic lake as greater penetration is recorded in the



wiacdE Dargd bhan i

the upper waters by dissolved and

(Hutchinson, Tallinmg, 196325, The high content of
colouwred materials in the Loch debermines é Hhal 1 ow

effective illumination zonse which depended of 56 OB O AL

variations but never sxtended below 4m.  Light perngtration

was largely restricted by non-living particulate

detritus, after adbumn overturm.

Light was directly related to phyvltoplankton growth and

temperature, constituing the limiting factor for  algal

devel opemnent during Fyo owhersss inorsEasing in

o

and  s=clar  elevation promoted the oubtburst in spring {(luand,

12&55 .

During summer thersg was n

a0 evidenoe oo Tight

infiibkition on algal growth in  the wupper waters as a resuli

lu]

R

of & rapid light Filtration by particulate suspenc
material and reduction of radiation by cloud cover, alitbough

this was not directly measuwrsd.

Alkalinity and pH

pH in this study parelleled biological activity and

was closely related fto alkalinity since both are involved in

'™'3 pas sesp sove hair & ol
Fage 75



large exbtent incre in alkalinity ds associated with

increase  in pH.,  During pericds of low primary productivity

4
4T

pH levels were generally reduced and high pH in periods

&  depletion of +r

mas i mum photosynthe

T
7
HE
=%
i
=
E
i
-
O
4]
i

carbon diodide and a shift in the carbonate svs
bicarbonate.

The influsnce of rainfall and inflow rates were an
important  factor  in the deternination of pH and alkalinity

im Loch Rusky  (Welch, 19382, Seasons  of  high  rainfall

favtumn—-winter) lead to & lowsring of  the pH

b

alkalinity arose to the ssasonal maximumn.  This elkalinity

increase could be related to the artificial addition of zoda
Time to the main inflow (see ﬁﬁngQﬁu
. }

Durimg December ~ Januwary  likely ice-cover on the looh

ragriation where hyvdrog

proguced & temporary  winter @

and  alkalinity concentration  increased progressively with

-

depth to a certain  level atter which & form of stability

orcwrs  resembling that of  the summsr  stagneabion period

although with slightly more acid levels Welch, 198

The slight hypolimnetic increase in  alkalinity during
summer cowld be ceused by products of decomposition process

{(Hutchinson, 1957y and respiration. The epilimnetic pH

it

e o '
Fage 7é



phvtoplankton v oproduaction showesd

low levels during summer . The ¢ sodic ‘WC°\"> OK atmes pheric aaden
(€, S0y, M03) cammed ot - Yty dveps  in waler ol | epectallyy dunc)

e xanons \Mo..\r‘j oy a,\xl-\)ww\u»‘ihklf)
(Feb- Homh). OA ¢ :
Mutrisnts

30 )L rmutirients i1 Taks wabter

can be ascribed to factors bobth intsemal and

(HMutohinson 19857,

gxternal  to  the body of
sources of supply  are  of considerable importance both from
natural amd artificisal scouwrces. The most important natural

source of silicate and phosphate is from the srosion of rook

mineral (Golterman 1975),  wheress rainfall supplies

gquantities of inorganic nitrogen compounds (8l len

amonal variation in

17268, sulphate  and chloride. The
the rate of the stress inflow  was  also  imporbtant  as an
influsnce on external  supplve The winter rise in &1]1
nutrisnts is  associated with  the  annual mixirng  ovoles
(Hutohinson, 1987 . Meverthsle

e sedinsnt

overlyving water from

the high oxvgen saturation fplortimer, 19410 . The  High

rainfall and intlow rat in auvtumn and winter tog
low piological activity contributed to this ITCT EREE
nutrient  into  the lake. These factors were graduallly

reversed through spring uantil the next awtumn overturn. The

nutrients affected by the lowsring of redod-potential in bhe

amd e frst QhO@U) o] snew el b



i the becbbomn duwr i

R P
L T L [

summer stratification.

{h-thophosphate ¢

Frhosphate digtribution was greatly influsnced by

biological activity within the lake. Whern this deors @il

orthophosphate concentrations increased,

During thermal stratiftication the orthophospbas
levels showsd small variation with depth, although a small
increasse  in phosphate ocowred  in the  bypolionion when

g (f

oHvgen levels Ffell to the minimum in the later pha

i

i

stagrnation. This is in major part due to decomposition of

e from sediment

it}
b
T

sinking plankton  snd liberation of phosph

ilution

by reduction {(Hutchinson, 1937). The phosphate dist
is determined by behaviow of obther substances such as ivon

which was not measwed in this study Moriimer, 19417 .

e

-y

The annual  maxdiman of phosphate nutrient §
surface wabters could be ceused by increasing in the surface
runcf+ at the time of higher rainfell  and  asuitumnal leass
fall. Occasional influxes of phosphate from the Letter Burn
characterised the period between tithe two phytoplankion

spring peaks, and these were important in the maintenance

of the algsl succession.

-
b

i)
i
~d
o



The seassonal pattern of silicate was similar to that

tor  phosphate  and nitrate. The seasonal depletion  of

gilicate in  the wahber primarily the re: .

productivity  and  growth fHubohimson , 1957, lLund 19635 .

Otherwise the lowest silicate concentrations recorded in
epilimnion at the time of msindiman distom  populations, i

arge development of littoral

...._x

likely to be related to the

vegetation commenitiss {(e.g. soguisstum? in Lhe sarly summer

iy

(Hutohinson, Y. silicate generally incressed with

decreasing odvgen satwation in the hypolimnion., This seens

more  the reesuldt of minseralization  of diatoms frustuless

sedimsnted sincs the CHTEV L OIS

i
fi

e el e

H

product of € e of chemically bound silicate from the

._x

B

sedimasnt {(GBolterman, 1978 . The rate of inflow was

21 emEnt froom  the

O
~t
"
=
it
o

important  as external  supply <

catochment area.

Mitrate and ammonis 3

The proportions of each nitreogen compound s related
to ouygen concentrations, with high oxygen levels favouring

rnitrate and very low levels ammonia (Mortimer, 1941-42).

it
-
i
1
-.«.1
o
e

Mitrification is a sowce of nitrate within a 1

T3
i

X
3

]
i



arvgd mlael whsree

L.

praesent. MNitrification appears to proceed most rapidly  in

winter and dis sensitive to low pH (Hutchinson, 1957)
Surface ot f and acid rainfall cauwld both bhe also

important  sources of nitrate to a lake system (Goliterman,

Masximal samounts of nitrate were pres
at the end of winter. When siging conditions, high rainfall

and increase in pH took olace, The general rise of nitrate

through  the auwbumn overtuw n had an exception in
when particulasrly Low nitrates concentrations  appeared

throuahout the water column. The slight decreass in

and pH was unlikely to be sufficient to explain this decline

ticularly since ammonia, was nob

s*.

by reduction of nitrate, pe

detectable and demitrifying baecteria that liberate

molecular nitrogen were not measured in this study.

During spring algsl growth, nitrate was deple
the water by algal assimilation (Golisrman, 1975 . It
garly summer, it showsed & minicum in the middle waters.
Nitrate was presumabhly removed from the espilimnion by

noand  at the bottom by reduction to ammonia,

r.x
=
1%
ot
7

0
P
F
fad
s}

ASS
where a peak of this latter was registered. This incrsase
in ammonia occuwrred when oxygen concentrations were high

(707 but declining (Mortimer, 1941-42), whereas when +the

_n
By
oy
‘]
i
1)
b

i



Furtiher cbo bhe mdmd mom

Fres i

ETR IR Tl o ¥ cpf nitrate and absence  of ammonia ooourered

thronaghout the coluwmn water  and  particularly in thes

Fwpolimnion. This could be ciated with mitridication

water and mud by decomposition of larger

[aF

falling plankton and fasces, which could

important  souwrcse  of nitrogen compound it small

(Hutochinson, 1957 .

The rapid increass ir &imincrt i & through  bthe  awbumn

overturn  seems  ho be inswfficient to explain reduction of

nitrate in the uppsr when both  nitrogen forms

reached more or concentration.  The adsorption

of stagnation and

crnto falling seston during the later phas

later liberation to the circulating water duwring ths early

auvtumn is not supported by any evidenoce {(Hutchinson,
arncd it seems likely that external  unmeaswred supplies  of

rainfall and surface run off were involved.

=

Sulphate and chloride

Rainfall is the major sowoce of chlowride to & lakes
stem {(Hutchinson, 1957, however chloride levels in Loch
Rusky were minimal during  the high rainfall ssasons.

Seasonal changes influsnced by  thermal stratification,

oiygen depletion and biological activity were not recorded



bagar e

mubrdent . Winel oldee

from the ssa and deposited in  the

monitored in this  study  and was &  factor

influsncing the ssasonal pabtern.

Sulphate concentrations rormally decl irned with

decreasing owvgen levels. Rainfall is the prime souwrce of

sulphate to most lake svystems (Hutchinson, 1957). Thies

sasonal pattern of sulphate generally supporiaed

contentions.

Organic matter i

Dissolved organic matter camn be an approdimate measure

of material of the allochthonous origin consisting mainly of

il

it

extractives organic acids from soil or  peaty material

Ry

(Hutchihgan, 195975 . The vellow or Drown colowing matter i
important as & soreen of penetrating light in the loch,
particularly since absorption is in the blue end of the
spectrum, important wavelengths absorbed by Chiorophyile.

The main factor dinfluencing  the organic matier was bhe

surface runcoff and this was closely related with rainfall

SEABONE. The avtumn-winter high rainfall recorded high
organic matter in the loch and burn, and both declined

through spring—summer.

I
i
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m
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Comparation phvsical - with the previous

study of the loch: Maulood

The general  comparation  of  the physical-chemiozal

parameters reglistered on the loch dwing this study and

those reported by HMaulood in 197273 showesd very few
differences and the environmental conditions remained more
k.

or less constant. Flhosphate  and pH are bthe only dimportant

factors which showsd significant  changes. The slight

&

quantitative differences found in the obther paramsters are

asswned to be within of natural annual variaktion

1 oand supply  of  nutred

H

ot

annuwal differences in rainta

the inflow?.

The ditferences found in phosphate concentrations were
likely due to a short term artificial fertilization
programne in the Loch in progress  at the time of Maulood s
study. During 1972-74 the Forestry Commission spread roock

i o

wocdl and, and much of this

phosphate on the newly planted
was  washed throwgh the Lettsr Bwn  dnto  Loch  Rusky (M.

Mokenzie, personal communitoationd.
The decrease in pH has  a different cause. The pH has

decressed by one pH unit during the twelve yvears belwesn the

two periods of study, the range changing from 6.6 - 7.8 to

Fage ®E



smallar from 5.4 -~ 7.5 to S.6 - 6.7, presumably  dus to bhe

artificial addition of scds lise to the stream. T
was periodically buffered with S50kg of soda lime svery 4 — %

moviths by the Argling colub to improve pH conditions for the

fiwh stock. The tre

went was reported not to be compl

gatisfactory and so it has  been replaced by depositing roock

limestone in the bed of the {fesder stre (oo

Angling Club, personal communicationy.

This rise in wabese acidification i Leoich

i

several possible causes. It sesms  to be related to the

gengral dnorsass in acid rvain in West  Scotlanc

1

comml Thee, 1282 and  ochange in land  acificaebtion by the
growth and developgment over the pas

softwond forest  around  the  loch

which at the present covers 874 of the whole catohment area.

AR b ¥ e e

The deposition of conifer lgaves on the

also  distuwbed the lLarvas devwlmp#m&ﬁt and Fish
e Ces {personal commund cation Argling Club).  The

geclogical characteristics of the rocks where the loch

to  this acidification

sibly contributes

ttseld lies pos

process. (Leivestad et al., 19746, Butcliffe, 19835,



| Figure 27: Seasoﬁal decrease of pH in Loch Rusky from Maulood's
| study in 1972-73 to the present in 1985-86.
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WD PRIMARY PRODUCTION.

Flankton seasonal

The armnual  periocity of phyvtoplankton  in temperate
zones is primarily  controlled by seasonal changes in owabter
temnperatures and incidernt light levels (Hutcohinson, 19675 .

Durinmg winter wmonths, light  er is the main limiting

factor for growbth of algese and should enable nutrient levels
to increase over bthis period (Moss, 1980 . These nuterient

then decline ir mirg when growbh in

populations takes place wnder inoreasing temperatures and

insglaetion levels.

and  Melosiva italicas

Diatoms Gsterionslla

mE in Loo

dominated the spring phytoplankton inore

This early start was presumnably dus to the ability of thsse

i

two species to grow  undsr conditions of weak light and 1ow

temperatuwres which are lgss suitable for othes algses (Lund,

:

19655 . The faster rate of increase of Moitalica  dlund,

1254 lead to it Forming  the First spring peak in &pril

wheras A.formosa  augmented its population gradually wuntil

ite ma<imum in late June. The different optimal temperature

conditions for each species influesnced o the rate of

FoaEk BE



@i

attaimned i1ts masimam  after & slight

incresse  in winter hesperatwes from 4.590  to &0 and

at about 1Lie.

The small colony found theough

spiring ~ summsr in bobth species

was likely determined by the rate of division and silicate

supply und, 1949, Gardiner, 1940-413.,

ware sustailned by f1i gl

—r
-t
if:
i

The diatoms populatio

i

ilicat

i}

nutrient levels (especially

ifi

{

yio dincreasing light and

tenperature levels, and continusd suspernsion in bthe photic

zone by water twbulance in spring.  The  end  of

of growth by June was presumably sst by the depletion  of

silicate to und
ornset of wabter

by the diatoms (lund, 1954, 194673 Fevrnolds,

shown i the loch by an apparent higher concentration of

this group in the desper water.

f small populations of bobth speciss

H}

The restoration ¢
at the time of the autumn overturn related twbulanoces to the

resuspansion from the bottom, sedimented M.italica filaments

(Lund, 1284 and the growth of suspended AL

cells wunder the increase of circulating nutrients in the

FAGE 86



mio mome lumd, 1

Depletion in mitrate and particularly phosphate
concentrations, were  correlated with  the spring  algal
ey reached Limiting growbh

increass but  ds unlikely that t

levels for diaboms.

The general depletion in natrients  in Loch  Fusky to

tablishment ot Lheemal

arct the

mirnimuam  anmual
stratification favoured the algal succession from Diatoms to

-

Py

flagellates

ptomonas ovata and Rhodomonas minuoba) during

The SIS months (Moss, 1969 . The  more  sfficilent

o rmutrients by nannoplankton it & poor

fe2

ervironment  ds  due  to the high swface to volums ratio
tFinderegg, 1966) and to grester schtivity to avoid sinking

by maintaining & position in the suphotic zone (Reynold

m

19786) .

The rnannoplanktonic populations of C.ovata and

R.minuta remained in low numbers during the period  of
highest zooplankion biomass increase from May to sarly Julv.
It is likely they were grazed by zooplankton (e.g. Rotifers)

more extensively than net planktorn {e.g. diatoms) {(Lund,

1964 Edmonson, 1965).

Fominute and C.ovatas registered consecutive pulses of

PAGE B7



garly and late summer Fe The small size and

division rate of these species sade possible a very rapid

cell increase  in numbers,  to reach  the  maximum annual

iomass. This e LICE

2y together  with the

influence of specific environmental  conditions {(such as,

i gher Light-temperatuwre  and deprivation in nubeds

to tEgad to & reduction in the conbtent

A$-K'SI‘J“7“‘ B M-

at  this time bebtwe

during  summner , Jiitcln

of chlorophyll &  per oell Olensen

1 biomass

discrepanciss

obtazined by stending orop and tobtal  Chilorophyll s (see

results pags 40 .

The  OCCursense ir tate summer of AT incy

closterioides was apparently

from zooplankton grazing (Allanm, 1%7&4).  These algae howesver

i
-
=i
Pl
T
e
-
L&)
e
-
...I
11;
1
]
it
M

did not atbtain great importanc

Through  the  autuon overtuws s the algasl

conflnuud growing  under decressing light  and
conditions, at the time when nube 1eni levels begsn  to
increase. Under autwmal full circulation, silicate levels
(above O.3 mg/l)  were not reached befors Movember, by which

time it is likely that low Qigh“ levels limit growhh for




ot inuesd  to dominate the

s1 oral

phytopl ankton whiersas  an

moncspecific  bloom of  Cyvanobacteria preceded the mindmum

Wit i s autuwmnal  Blus-green algae

might be determined by special chemioal

sibly involving the scouwmalation of s

conditions, pos

T} e sen e e pe s e i
(Hutohinson, 1967,

anic compodnds suoh

i the  Loch,  althowgh

are unkrowe

in o this study. 1

,
0
=
(3t
-
—t
i Al
[y
—
ot
-
-
is
-+
-
o
i
i
=
i
s
put
-+
ey
—
o
T

i
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i
T
5
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in part dus  tbo b

Blus-green &lgas

The reduction of  light peretration by non-living

materials abt trhds i

that caused try lus-algas growbbh, whioch

wateres.,

mainly concentrated at the

The seasonal

of zooplankton for most  of bthe

change

Y ER& for the phyvtoplankton in the

looh. Rotifers was  the most diverse and abundant
zooplankton group in Loch Rusky for most of  the  veasr.
Nevertheless, it could be possible that during the study,

Copepoda  and Cladocera popuwlations had been guantitively



chuer o bthe mebtbhod fo bl ool

““““ ounting of plankton mples, which was me

small organisms such as algas  and  rotifers

Winberg, 192713 material arnd  methods Pageb5 ). e

pericds of meior error would coincide with tho

e hidoh

phvtoplanbkton bilomass (spring-summer), when reducsd  waber

samples el

waErEe consi dered; Mowsver, the sea

distribution of relative abundance between the thres main

zooplankton groups seesmed to the oot the

wihole study.

ver all temperatwes, Rotifers have the fast rate
of increase of any zsoolankton {ABllan, 1%976)  and this would

enable this group to respond to its populstion numbers

guickly to inoreasing phyloplankton biomass, as was obser

i the loch at the time of spering and sutomn peaks,

There werse strong similaritiess betwsesn  the seasonal

variations

2

cad (BEdmonson, 1968), although

from this study i i = 1 possible to ascertsin whether
rotifers feed on exclusively nanoplankton or whether diztoms
and supplementary souwrces {(g.g. bacteria, detritus) were

also involved (Lund, 1968 .

b}

During mixing water conditions the vertica



res e ine

stratification in  sunser, Copepoda and Cladocera developed
their largest populations in the epilimnion, whereas Rotifera
popilation nunbers were small  and  distributed mainly in the

desper waters. It seems likely that thermal  and  chemical

gradients determined the position of the zooplankton under
these conditions (Hutohinson, 1967, The higher  $i)tering
rate and greater food rangs of Copepoda and Cladocera (GLLan,
1978) convey & relative disadvantages to Rotifers durimg bivd

time,

The general low ocowrence  of Cladooera, fhisirnly

represented’ by Daphnia hyvalina throughout  the period  of

Pl

ot
1]
i
H
i
b
;:}
=t
s
i
3
in]
T

study, could be sl sensitivity to vertebrate
predation {(Stenson, 1972 arnd the continuous prograome of
stocking the looch with Fish. The reduction in  fhe
consumption of Daphnis by trout duwing summer (Thorpe, 19747

gould contribute to the incresse of this spscies in Lhe

zooplankion at this time.

Developmental stages nauplius of the Copepods  were
first apparent in February and were continually present wunbtil

B BT

W

autumr. This early start to the breeding season
necessary  to compete with faster reproducing zooplankton
groups such as rotifers or cladocers. The two snnual

increases in nauplius numbers, gesnerally precedsd thoss of

¢

R
nt
Wl
i
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i

ey, smaller than that i spring,
followed by the subsegquent peak  of nauplii  in late summer.

The 1w autumnal populations

result  from & high mortality  of

which is presumably related to the higher

Salmo  trutta wunder  summer-agtbuns temperatures in the loch

(Brown, 1997) and higher $lood loses through the out-flow by

aubumn.,

Some  of  the wvariations in both  phvtoplankton  and

zooplankton bilomass are explained by interactions beltween the

two communities, sspecially during the spring and aubumn
feee

the population nunbers  wers  high. Thirouwah  the sumomer ,

and ohemniosl factors were also involved i

W relatively Loy, @i e

i

phvtoplankton, the primary food souwces, wers high in numbse.
This could be partly explained by the dominernce of Copepoda

= wlg] A investigetions dinto the

fl
e
o
-t
il

and Cladocera at

=

mature and rate of grazing by o sooplankton was nobt attemoted

in this study, buat it is pr that  the highesr filtvration
rate and larger particle esize acosptibility of the larges
zooplankters (Allan, 1976, Edmonson, 176357 were  conpensated

by 1ow population numberse.  Mevertheless, phytoplankton

sopul ations throughout the whole period of study seemsd to be



The dnterections between zooplankton and phyioplankion
might determine the site of the specific populations (&.g.

conpletely direct

a
&
I x
m
"~
]
+
n H

ranoplankton) ,  but  there

-

glationship due to supplemsntary souwrces of Ffood of  thes

zoplankton thoaamd, 194650 and  the direct influsn
temperatuwre on  zooplankton  reproductive ovoles (Edmonson,

1965 .

o~
i
o

The effect of parasitism € Bacteria and fungil? on
phvtoplankton populations  were not attempted in this stuady

put it omay be of importance to sdplain the steep reduction of

f. formosa in middle April in the loch {Luand, 1990; Cant

Lund, 12485 .

in  this study by the Shannon-—keaver Index was

influsnced in time and depth by the relabtive abundance of a

faw  dominant  species  (Sager & Hasler, 1769). The  high
SEARBEONS of  phyvtoplanbkton standing corop wereg coincident
theraetdors with decreasing values i ) diversity

dominence in the plankton of a few

index, mainly due to the

gpeciss. This was apparent  during suammer, when there was a

-

Pt e e g
rERLIEY



e @pllimnion and

ypolimnion  with higher values in the latter. The

Large

abundance of an  almost  single-species-culture in fthe upper

water and the eguitability of the different represented

o bhis

groups  dn the bottom  accounted in the indes

distrifution.

a2 relatively large number of speoies

under more limiting conditions in summer (Hubohinson, 194670

oof & moneunidorm enviconmant Lo e

seemns  to be the re
e .

gtratificats water {Floss, 19728, The dinpredictabls

ohan Cheas

weduny
iz
it
ks
]
=
-
]
I
| I
.
i

planttonic  environg

abundance of wWhioch  was  well e e

195y Margalet, 19%&85.

apouit 30 speciesd,  togsther

P

with the positive of bheir esguitebility  conbribn

to the high winter index. The phyvtoplankton was repressnted

by & largsr range of sSpecies distomns than later in spring,

as well as spe of b ooy (.. desmids).

The index s apparently insensitive to rare

{Bager and Hasler, 1769 . The zooplankton  could be
approached in this study, a8 rare species dus toe their low

relative abundance when it is considered together with the

diversity of phytoplarnkton.




The range of diversity (between 0.5 - 4) found for Loch
RFusky is similar to that showed in Loch fAwe (1.5 — 4 in 1976}
and slightly grester tham that to  the Sowuth Rasin of Loch
L.omord (1. 3% in LY70-F2) (R Tippett, pErsonal

Communication) .

The phytoplankton diversity seems to  be lower in spring
tharn during late swnmmer and autunn for these three lochs.
Thise seens to related to the commorn dominance of diatoms in
the phytoplankton after the winter. The gensral  niagh
diversity during the late summer ds  the resullt of & more
conplex environment determinated by thermal stratification in

e of &

T

all of these lochs, which make possible the co-exister
relatively large number of groups.  The high winter diversity

of the plankton in Loch Rusky was particularly different from

other lochs.

Frimary production

The ssasonal variations of primary production only
correspond with that @ of phytaplamhtoh biomass in auwtumn &nd
@arly April. During &pril  incressing algal populations
(mainly composed of  diatoms) were followsd by a very

striking production prezak . Afterwards, 1ow i mary

Lomass

production prevailed when light and phytoplankton ©
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producti
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gpilimnd
pealk. T

producti

= and increasing

temperatures may

o ilWaite % Dubthie,

the standing or
on corvesponded wi
his dis in contrast

vity normally rec

(Findeneqgg, 1965 Fristian

it

carried

geems  Wnlikely
wut by the nan

{Rodhe, 19862). &

error could be introguced

during t©
the ore
carbon
Rigler,

higher

g =5 >

1§

of filt

o
o
R
%

gater susceptibili

in naked flagellates

19677 . This is

variance calculat

T

+ e

tts  may be
technical factors. Tt ds  likely
& wmalfunction of the scintillation

m Hay onwards, may have introduced

rrseliability i the v

months the general depletion  in
algal respiration under conditions
e limiting factors on the pelmaey

1974, Morris, 1980, The

op  of  the nanoplankton i tbhe
thothe wvery low summer produaction

e @i

to bhe higher hTuwrnover ¢
orded for this phytoplankton group
sern, 1971 Lund, 19417,

that heterotrophic  growbh was

oplanctonic  species O v

possiizle differentizal sowce of
in the primary production  method
ration of labellesd samples, due Lo

ty  to

[ni

damage and loss of fided
(such as R. mlmufgi Carthur 4L

in agreement with the =zslightly

=0 for Filtration in the routine



mat., and  meth. page 2603  and  with the

of production resulted in the hyvpolimnion, whe

Larger diverse net phvitoplankton groups were represented

2.0, Diatoms, Cvanobactsrial.

The guantitative srror introduced by both filtration

ard  socintillation counting stages is unknown, neverthsl
e

it dis wnlikely that it could completely account for the

observed primary production resulbs.

o

The i mary

perab g the winter monbhs

did  rnob correspond . with the standing  orop

recorded st this time, but incres
i the upper waters during the

risme in productivity, The parallel incresse in produaction

observed with depth in winter in  bobth, dar
bottles, could bDe the result of a high heterotrophic carbon
tiwation prodouced in ths dark beneath the suphotic zone.

Comparative study of plankion succession wilth the previous

(N TuTal TR Maulood, 1972-19773%.

The plankton succession for the main diatoms species
(A.formosa, T.fensstrata and M.italica) in the two studies

remained similarily characterized in time and space,

W
m
W1
N

i
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phytoplankton  sucoe

through the time since Mauwlood' s previous

The reduction in pH through this period is

which should be considered in the intenance  of

L]

stack  and freshwater life in the Looh and to be  +nobed in

¥

future studies.

variations of the phytoplankton commanity

in  Looh Ruasky,  were mainly control led Ey nutrient,

@la arnd water il

temperature, and iy

late

Decreasing insolabtion the

decline in phyvtoolankton numbers. Im spring both light and

=ase abt oa  btims  when nobeient

The phyvtoplankton ocommuni Ly

by bhe diatoms

was strikingly

LT Lird e

anid  water twbulsnos. Thi by
nutrient levels and water stratificetion, the composition of
the community rapidly shiftted from diatoms to nanoplankitonic

o at @ arnd Fhodomonaes @inota.

species such as Orypt

These are more efficient abt absorbing nutrisnts
the high swface to volume ratio and actively able to resist

sinking, so that they rapidly resched & rapid  masd ;s




The start of the avtunn  overtwn  in Beptember and

associated tuwbulence and mubrient  supply, lead to  an

increase in numbers of both crvptomonads and diatom geoug

The late auvtumnal

moeassion of Ovanobacteria appearsd bto be

related to heterotrophic  conditions, esspeocially influsnoed

a1l matt

by maximum seasonal input of org

The seasonal  zooplardkton pattern displayved

variations in relation  to phytoplankton oo

concerntration. The

most of the yvear was

reproduction conpared with Cladocesra and Copepoda

myvidence of a

SEasonal rattern  of

rEmata and  Orvptomone

WERERY

relationship

ovat & The seasonal variations of ~otifEres were  also

ibile  suplementary food

SO OeE .

K3

The primary production of the phytoplankton showed 1ow

i

correlation with standing orop, b

:img highesr  duwring winbaer
and  spring  than  in sumner. It is likely that  the
disfunction of the Carborn-i4 scintilletion counts sinos

April masked the results over this period. Loss  of carbon

fined by rupture of flagellates cells (R minutal during
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METHOD FOR THE ESTIMATION OF SOLUBLE REACTIVE PHOBPHATE

In acid solution phosphate and molvbdate -~ med vibodio -

phosphoric acid which is  then reduced to molvbdenum blus

compd e,

g}  Bulphwic acid 14% v/v.

b Ao um mol vhdates solution.

- k]

Diwasol ve [ En RS B S S i 800 ml warim distilled

water, cool and makse up to 1 litre.

L]
o) Ascorbic Acid solobtion

pi &oid o din water and mabke up bo

I
[
T
i

This soclubtion doss ot Heep well and showld

prepared every tima.

o)

m Aantimonyl tartrats scolution

4o

hbho. O H O O in water  and maks up to

o}
f ol
it
hit
Y
i
bl
<
i
-~
=
o
i
i
.
o
el
-
E el
L= 53

PR

E00ml

Butan — 1 -l

i

3 Working reagent

Frepare immediately before use from reagents (&), (b)),

ey, (dy in the following proportions:

Fage 102



1w

t) A40ml fAmmoniun molvbdate
() 2 A40mi acid
(ol 1s Z20ml Fotassiuwn antimony

Measwre 200m (1) of sample into a 2

Add Z20ml of the freshly prepared work

Allow to stand "

fAdd 29%ml of Buabtan ~1-01

mi b, ABllow  to stand wuntil #the

Furm off the aguesous laver and run the

10ml measwring ovlinder. Maake up

methviated spivits, pow into a

acsorbancs at &90mm against & bland

watsr.,

*Discard the agueous layer.

Fage 103

EE0ml

14

i. B

I tartrate Z00ml

Funmel .

ing  reagent to the

P
"3

minutes.

shiabes

and

laygrs have

the

imho

solvent laver

the volume to 10m]1 with

cuvette and read the

prepared from distilled



STHOMG ACID BALTS CHLORIDE ., NITRSTES

r

11 cationsg schanged for M dons. Efflusnt consist o

solution of fres acids corresponding to  salts originally
present and in sguivalent concentration. Titrating to pH4.H

exoludes weak acids.

Lo Cation exchange material.

2. MALOO potassium hvodroxide  solubtion. Malke up  when

raquired from & stock of M strenoth.

A B.DoHL. 4.5 indicator.

e |

Fams ApEDrodimately T samzle  Lhrough t e o ukinm
i E ¥ 4

fflent and collecting  the

i

discarding

YR

of efflent (say 2lhco) pippetltec

reEmad e

inkbo 00co conical flask, 2 drops of indicator added and bhe

-

golution titrated to pH 4.5 with NSLIOD potassium hydrosdde.

The colow change is from  oFange  to  greyvi:  bluae trndicat

the titration has gone to far.

I "stoo of NALOD potash are consumed in bitration of "v'oo

of effluent, then the concentration of strong acid salts is

1Ow/y meqll.



S G [
LR N S 45 B A Al AW

el nibn el dcies . Doluble  eilver

arnd  silver nltrate pass  throwgh  to H halfd and

r
R

sample through column dis

nally emerge a8 sulphuric and nitric acids.

arding the first

The remainder is collected and & swuitable aliguot

titrated in exactly the samne for totel strong acids.

]
&
o

i
1
i

The difference betweesn results for totsl strong acids and

1.

sulphate and nitrate givs the concentration of chloride in

mea sl .

SILICATE
MaB. In acid solubion silicic acid +  molvbdate - vellow
heteropoly  donolvbdosilicic) acids which are then reduced to

silicondybdenum bluss.

1o Acid ammoniwn molvbdate., Bhake 20 ammonium molyvbdate
with about 7ooco water, add boo conc. HCOL and dilute  fo
100ce,. store in polvihens bottle.

2. UOmalic acid. iog of oxalic acid dehydrate (O 0 ko MO0
to 100 water.

E. Bulphwic acid, 25Y v/v.

4. HMetol sulpbate scolution ~ Zg sodium sulphite {anbyd.) Sg

metol , to 2890cc water, filter (Mool peper) and store in

dark bottle



sl pii e wibth

i

Dilute teo 300coc. PRepare afresh fortnightly.

USE MoABTIC WARE

Fipette 20cc sample into S50co  graduated stoppersd  §flask
Add co of acid molbdate reagent and mix.  After 10mins. add
1ice reducing agent from & measuring ovlinder and make up to

0o with water. Allow  tho stand

to  A-om,  cell and resd extinctionat 81F2  mu

gimilarly prepared blank.

#1. Fhenoldisulphonic acid

-y

2. HMagnesium sulphate: 0% SBolution of crystalline MeBl,
THRO w/v
F. Bodiuvm hydroside, appro. 4074 solution.

4. Red litmus papsr.

METHOD

Evaporate 100cc sample to dryness din 200ce flask., To the

residue  add Zco - phenoldisulphonic acid. Revolve flask to



zaium wlphate and & small piled

P

i tiydroxide, until the litmos
P& e Just  stays  blus when  bthe  scolution dis  mixed. &1

precipitate

tugn hvdroside  forms which carcies with
it oany organic colowation of  the water. Transfer to 100ml
val. flask and make volumes up to 100ml sxactly, mix  and
centrituge at least 50cc to remove bthe precipitate. Measure

the vellow colow which develops on the spectrophotometer at

41 0mu.

COD. (FPERMANGANATE OXIDATION OF ORGANIC MAOTTER)

o®  MABD Potassium  permanganate. Make up when regulred
from a stock solution of NALO (3.1é6lg EMRO/L.

. NAED {approx.) sodiuam thiosuwlphate.
jud

3

L
z
]

assium iodide, 3% solubion.

rt

L3

=
il

Starch solutiom.

3. Sulphuwric Acid, 29% v/v.

To 100co sample in a Z50coc +lask add 10ml ermanganate
5]

solution and 10cc He504. (For control use distilled water).

Fage 107



tdom, .
iodine produced with thicsulphate solution from & burebte,

using a starch solution for the end point.

I+ "a" dis number of oo of thiocsulphate eguivalent to 10cc
N/80  permanganate  {(control) amnd "bBY s cothioswlphate used

in titration of sample, then the amount of oxyoen absorbed

ift
-
-
o
-
[ 4]
:
i
jug
o

by the sample i amg D/l

SMMOMNIA

N.E. Ammonia reacts with phenol and hypochlorite in alkalive

g0l 'n te form indophencl blue, ocatalyzed by nitroprusside.

Froportional to amount of ammonia present.

1. Phenol —~ alcohol sclution: 10g reagent grade FPhenol in

100ce 95% alcohol and 5% Frpanol.

i1

.  Sodiuwn nitroprussides ig sodium nitroprusside in 20000

hd

water. Store 1in ambsr bottle for not more  than  one

month.

U
w
n]
i
[N
)
iy



5

ARRT W o8 ol

4. Godiwn hvpoohlorites Commercial grade,

=

P Uxidising solution: ~ 100ce solution Eoand 2

solution 4. This isg stable for less than 1 dav.

METHOD

To S0oco sasple,  add Zoo phaenol solution,

1;

nitroprusside, sand Sceo oxdidising reagent, successively,

mixing thoroughly after sach addition.  Let

for ihr at room temperaturs (20-27<C). Absorbance unohang

for at least 24 howrs, Measure absorbarce at 640mu in dom

cuvebts. Thern use calibration curve.

if
i
[
sl
Lt

ALEALINITY (RICARBONATE) . {weak acid

1. MALOOD hyvdrochloric acid.  HMake up whern reguired, $oom
stock sclution of W HOL.

2 B.D.H. 4.5 indicator.

METHOD

Fippette 100cc sample into conical flask, add IS drops of



U N
T EN L

colow  change dig  from blue to grey {(almost colourless).

il
~
™

H
=4
i
=
5]
jout
"

Yel low o

med dindicatess bthe Litration has gons

NAL1OD acid contains O.01meg of acid in esach wml, so each oo

of acid used i hites

Lion corresponds to 1.1 e
bicarbonate ion in 100co sample, or 0.1 meg/l of sample. It

v ml acid used

s
-t

1 bitration, the concentration o f

bicarbonate in sample is 0.1 # v meg/l.
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Loch Rusky.

Elevation 445 feet
135:6 metres
Length 0.5 miles
800 metres
Breadth MAX MEAN
0.4 0.3 miles
640 480 metres
Depth 44 feet
13.2 metres
Volume 1 545 x40 m?
Loch Area 0:074 sq. miles

192,000 m?

Total Catchment

1.16 sq. miles

Area 3 Km?
Total Drainage 1 sq. mile
Forest Area

2.675 Km?

Area Catchment
into inflow

1,590,000 m?

1.59 Km?

Area Catchment
into the Loch

1,375,000 m?

1.375 Km?

~111-
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APPENDIX = II (Cont'd)
Tabls II., Water Chemistry of Loch Rusky.

29.10.85  13.11.85  27.11.85  12,12.85 ,  21.1.86
A 0.226 0.220 0.234 0.184 '0.170
H1m 0.206 0.232 0.184 0.186 0.164
ALKALINITY .gm 0.230 - 0.226 0.224 0.188 0.156
m 0.232 0.230 0.228 0.194 0.162
(meg/1) | 10m 0.242 0.310 0.238 0.200 0.160
5 140 35 _ _
1 135 B 40 - -
AMMONIA 3 125 - 45 Trace
5 120 - 50 B
(a/1) 10 | 120 B 50 - ~
S 16.48 18.06 16420 15,74 13,70
1 14.88 15.56 17,44 16.68 13.86
C.0.D 3 14,88 18.06 17.70 16.52 . 14,90
5 15.00 18.86 17.90 15.82 13.94
(mgaz /1) | g 15. 40 18.52 ~  17.54 15.82 12,70
5 140 190 155 60 225
1 140 170 120 15 210
NITRATE 3 140 250 125 55 220
5 160 165 165 55 175
ng/l) 10 105 155 160 40 175
S 0.85 0.85 3,75 1.40 0.90
1 0.80 0.90 1.25 1.20 0,75
3 1.00 0.80 1.15 1.05 1.10
PHOSPHATE . . . .
HOSPRAT 5 0.85 1.00 1.50 0.85 °  1.00
(ug/1) | 10 0.90 0.95 1.40 1.10 0.95
S 0.520 0.552 0.560 - 0.500 0.612
ig?g”s 1 0.632 0.484 0.540 0.524 0.584
3 0.504 0.452 0.496 0.492 0.596
(neq/L) 5 0.520 0.472 0.588 0.476 0.588
q 10 0.640 0.492 0.560 . 0.480 0.572
r ~ 18 0.40 0.248 0.324 0.276 0.252
~SULPHATE | 1 0.40 0.328 0.340 0.288 0.240
3 0.44 0.300 0.352 0.284 0.256
NITRATE | ¢ 0.24 0.320 0.364 0.276 0.260
(meq/1) | 10 0.32 0.296 0.348 0.280 0.256
5 0.120 0.304 0.236 0.224 0.360
1 0.368 0.156 0.200 0.236 0.344
CHLORIDE | 3 0.064 0.152 0.144 0.208 0.340
' 5 0.280 0.152 0.224 0.200 0.328
(meq/1) | 10 0.320 0.196 0.212 0.200 0.316
5 0.22 3,70 3.52 3,42 5,28
1 0.22 3.74 3.54 3,12 6.72
SILICATE | 3 0.22 3.70 ~ 3.62 3,42 6.00
. 5 0.24 . 3.64 3.76 3.28 4.96
(mgS1171) | 44 0.24 3,75 3,82 3,46 5. 60
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Table II (Cont .). Water Chemistry of Loch Rusky.

4.2.86 12.3.86 25.3.86 8.4.86
5 0.170 0.190 0.172 0
1 0.163 0.194 0.190 0
| 3 0.164 0.182 0.176 0.
ALKALINITY 5 0.159 0.168 0.166 0.
(meq/1) 10 0.148 0.184 0.170 0
iF 0.341 0.212 0.222 0
5 - - 30.00
1 Trace Trace 15.00
3 - " 35.00
AMMONIA 5 _ n 20.00
10 Trace ! 25.00
ng'/l) IF Trace " -
S 11.98 11,20 10.15 8.
1 11.98 12.94 10.21 8.
£.0.0 3 12.12 12.58 10.56 8.
fo 12.04 12.22 9.44 8.
N 12.36 12 10.09 8.
ng0y/1) IF 9.26 14.76 6.97 7.
5 175.00 205.00 140.00 185.
| ; 198.5 225.00 240.00 180.
RATE 233.5 230.00 235.00 165.
NITRAT 5 930 265.00 165.00 220.
~ 0 228.5 225.00 250.00 210.
(e/1) 1P | 180 265.00 215.00 120.
5 0.745 0.80 0.45 0.
1 1.05 0.95 0.45 0.
3 1.375 0.75 0.45 0.
S
PHOSPHATE 5 1.16 0.65 0.50 0.
(pg/1) 10 1.60 0.80 0.45 0.
IF 2.15 0.30 - 0.
5 0.764 0.740 0.728 0.
1 0.724 0.228 0.700 0.
‘ 3 0.676 0.668 0.672 0.
STRONG ACID | g 0.760 0.560 0.608 0.
(meq/1) 10 0.700 0.668 0.680 0.
F 0.518 0.692 0.656 0.
5 0.300 0.256 0.304 0.
SULEHATE 1 0.296 8.526 0.260 0.
+ | 3 0.292 .240 0.244 0.
NITRATE 5 0.29 8.228 0.236 0.
10 0.288 252 0.252 0.
(meq/1) IF 0.312 0.248 0.260 0.
S 0.464 0.484 0.424 0.
1 0.428. 8 2%% 0.440 0.
' 3 0.384 0.428 0.
CHLORIDE 5 0.464 0.312 0.372 0.
10 0.412 0.416 0.428 0.
(meq/1) IF 0.206 0.444 0.39 0.
S 3.62 3.04 2.60 9.
| 1 4.14 3.36 2.00 3.
SILICATE 3 &.32 2.40 3.52 3.
A 5 3.18 3.%6 1.56 - 3.84
(mg/1) 10 4,34 3.84 2,04 . 2.68
- IF 4.92 3.96 4.80 4. bty
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TableII(cont.b.). Water Chemi stry of Loch Rusky.

23.4,86 8.5.86 20.5.86 3.6.86 1.7.86
‘ B 0.058 0.126 0,120 0.166 0.158
. 1 0.050 0.120 0.128 8-123 0.158
' . 2 0.062 0.130 0.124 . 0.148
AFKALINITY 5 - 0,060 0.120 0.124 0.176 0.148
(meq/1) 10 0,056 0.144 0.116 0,162 0.156
| iIf | 0.100 0.136 0.170 0.338 0.720
o ' 5 - - - Trace 95
1 - - ‘ - - 100
' 3 - - - Trace .95
AMMONIA : - - - - 100
10 - - - - 90
5 7.06 8.49 15.40 8.59 8.786
1 8.46 . 8,51 7.87 8.61 8,946
£.0.0 3 8.51 8.75 B.72 8.66 8.590
«0.D 5 - 8.79 g-gg 8.77 8.590
: 10 8.05 8,77 . 8,45 8.574
(meq/1) ir | 8.36 9,54 8.27 B.45  10.146
5 190 130 170 125 100
. 1 125 12? 1;2 120 115
' 3 180 ‘ 80 g5
NITRATE 5 185 160 185 125 30
o 10 120 175 170 160 70
(ma/1) ir | 108 125 110 60 110
g 0.35 0.40 0.30 0.45 0.30
1 0.25 0.45 0.20 0.40 0.25
-’(pg/l) 10 0.35 0.40 0.30 0.40 0,25
S 0.675 0.76 0.68 0.691 0.649
L 1 0,744 0.71 0.71 0.681 0.697
STRONG ACID | o 0.700 0.69 0.66 0.671 0.686
5 0.710 0.69 0.72 0.713 0,657
(meq/1) 10 0.625 0.66 0.68 0.668 0.718
IF 0,784 0.63 0.62 0.610 0.703
= S 0.250 0.26 0.30 0.290 0.240
| SULEHATE : 1 0.250 0.24 0.27 0.246 . 0.250
 NITRATE 3 0.255 0.25 0.26 0.229 0.285
PR ?0 0,260 g-gg g-gg 0.249 0.251
- (meq/1 0.225 . . 0,246 0.258
L (mea/1) IF | 0.250 0.25 0.24 0. 257 0. 330
| 5 0,425 0.50 ‘0,38 0.401 0,409
: 3 0.445 0.44 0.40 . .
C 3 []
10 0.400 0.41 0.40 0.422 L460
(meq/1) IF 0.534 0.38 0.38 0.353 0.373
5 1.80 1.96 1.60 0.82 0.08
. 1 2.16 2.12 1.54 0.90 3-10
' 0.88 .10
5 2,92 1.90 1.54 0.90 0.20
- no/1) 10 | 1.80 2,32 1.66 1.36 2-13
_ o )
- IF ] 3. 99 2.84 _q16_ 222 %2



TableII(cont.d). Water Chemistry of Loch Rusky.

15.7.86 5,8.86 19.8.86 2.9.86
N 1 1 1
5 0.164 0.190 0.186 0.204
1 0.178 0.172 0. 202 0.210
“ 0.166 0.174 0,220 0.222
ALKALINITY 5 0.190 0.182 0.202 0.208
(meq/1) 10 0.182 0.190 0. 200 0. 204
‘ iF 0.802 0.454 0. 366 0.870
5 Trace C - - -
1 25 - ‘ - Trace
| AMMONTA : : : - -
' 10 55 30 35 -
(ng/l) IF — — Tracse e
S 8.39 7.82 7.95 10.29
y 8.64 8.24 8.00 12,54
i : 3 B8.47 7.63 8. 51 10. 42
! C.0.D 5 8.25 7.88 7.55 10.10
‘ ' 10 8.50 7.76 8. 36 10. 56
(meq/1) IF | 5.95 8. 22 8.78 11.28
o 90 110 95 80
y 85 100 80 95
' 3 65 110 90 60
NITRATE 5 100 120 100 90
, 10 90 145 130 85
(ng/1) IF 35 100 80 50
5 0.20 0.30 0.15 0.20
1 0.25 0.20 0. 20 -
3 0.25 0.25 0.10 -
PHOSPHATE . ‘
, 5 0.30 0.20 0.15 0.30
(ng/1) 10 | 0.35 0.40 0.40 0.25
IF 1.20 0.85 0. 40 0. 40
5 0.666 0.70 0.808 0.573
‘ 1 0.695 0.73 0.944 0.740
3 0.700 0.67 0.824 0.653
S .
TRONG ACID o 0.678 0.70 0.920 0. 780
~ (meq/1) 10 0.692 0.72 0.880 0.700
IF 0.618 0.67 0.720 0. 606
|~ ) 0.328 0. 31 0. 776 0.326
SULPHATE 1 0.263 0.30 0. 776 0.313
; _ 3 0.405 0. 35 0. 704 0.293
NITRATE 5 0.266 0,36 0.720 0.320
10 0.281 0.32 0. 744 0.373
(meq/1) IF 0.256 0. 36. 0.4%2 0. 306
S 0,338 - 0.39 0.472 0.247
1 0.432 0.43 0.608 - 0.427
3 0.295 0.32 0.520 0. 360
CHLORIDE 5 0.412 0.34 0.600 0. 460
(neq/1) 10 0.411 0.40 0.57%6 0.327
q IF 0.362 0. 31 0. 288 0.300
5 0.12 0. 20 0.36 0.42
' 1 0.16 0.24 0. 40 - 0.42
_ 3 0.12 0.26 0. 36 0.42
SILICATE 5 0.22 0.26 0.54 0.36
~ (ng/1) 10 0.78 0.54 0.78 0.40




———

-8LL-

%°9 8°G 9°G 8°G - - - - - a1
0°9 G9°G 6°G LG GZ'9 8'G 1°9 8°G 9°G woor
1°9 8°¢ 6°G GL'G £°9 8°'G 1°9 8°G 9°G w g

1°9 GL'G 0°9 8°G GE'9 0°9 1°9 - 8'G 9°G w ¢

Z°9 0°9 0°9 LS 79 6°G Z°9 6°G 9°G : wL

7°9 6°9 7'9 GL"G 8°9 6°G 1°9 8¢ LG 33v44ns

Hd. ud ud ud ud md ud ud nd

"98°%°8 98°¢ 71 98°C'Y

3

98°€"GT

Y

98°1°1¢ S ArANAN G811 /¢ G8'TT €T G8°01°6¢

"fsmy yooT 103 dTTI0Ad - Hd  "IIT 9Bl
 (pi3uoD) 1T XIONdAY



—6LL~

05°9 0S°9 059 GL"9 05°9 0£°9 "9 0°9 0Z°9 a1

01°9 0T°9 08°G G9°g G/*'S G0'9 Z°9 09 GZ'9 w0l
GT'9 05°9 GZ'9 06°S 06°6G 02°9 Z°9 1°9 0€'9 w S
G1°9 G9°9 0€'9 0£°9 G0'9 0Z°9 GT'9 19 0€°9 w €
0°9 G/°9 0o%'9 G%°9 019 0Z°9 1°9 Z°9 o%°9 w i
LS 89 059 0S°9 GT'9 G0°9 1°9 %°9 Ge'9 33Y44NS
ud ud o od ud ud nd ud ud nd

98°6°C 98°8°6T 98°8°G 98°/°GT 98°/°T " 98°9°¢ 98°6°0C 98'G°8 98°%°€Z

*£¥smy yooT 103 I(1Ioad. --pd  (p,JuU0D) *IIT STqelL

/



APPENDIX I1I

Table IV  Light penetration (}iienst..)

29.10.85 | 13.11.85 | 20.5.86 | 3.6.86. 1.7.86
Surface 700 250 180 - | 380 700
1m 15 9 17 49 150
I 2.5 1.1 5 14 50
3m 0.25 0.2 1.7 3.5 14
lm 0.05 - 0.5 0.95 2.5
5m - - 0.2 0.30 0.45
bm - - 0.1 0.15 0.10
7m - - 0.05 - 0.05
8m - - 0.025 - -

~-120-



,APPENDTX
Table .V

29.10.85
13.11.85
27.11.85
12.12.85
21.01386
04.02:86
12.03.86
25.03.86
08.04.86
23.04.86
08.05.86
20.05.86
03.06.86
01.07.86
15.07.86
05.08.86
19.08.86
02.09.86

IV

Total production of energy in water column.

(J/m /hr)

1.183
. .573
304
2660
1985
486
309
1476

10.593
338
283
767
535
807
955
328
172
746

(J/m2?/day) Light hours
_per day

10.971 9hr . 30.mxa,
4,721 8hr.25 min.
2.242 7hr.36smin.
18.704 7hr.03./n.
17.029 8hr.58 mia.
4,522 9hr.30m(n.
3.498 11hr.33 yrun.
19.535 13hr.23. mua.
141.841 13hr.39 thin.
5.239 15hr.47 min.
4,390 15hr.52: wiin.
13.247 17hr. 27 vica.
9.192 17hr.16 min,
13.977 17hr. 31 mia.
16.257 17hr.03 mcn.
5.400 16hr .48 rria.
2.626 15hr. 30.rhin.
10.043 13hr.47 min.
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APPENDIX V

Table VI Chlorophylla (mg/litre).

Date Surfacg Im 10m
08.05.86 2.732 3.786 3.606
20.05.86 2,737 2.677 2.223
03.06.86 62455 6.0065 5.7665
01.07.86 2:975 2.856 2.142
15.07.86 1.9040 0.7735 -
05.08.86 4.1055 42840 1.0115
19.08.86 4 .8195 4.8195 " 1.3685
02.09.86 5.5335 3.0345 2.5585

-122-




APPENDIX V - (Cont'd)

Table 'VII  Total Biomass of phytoplankton (ind or colonies/1)
Date Surface 1m 3m 5m 10m
29.10.85 11,444 9.649 7.471 7.983  25.341
13.11.85 5.008 9.558 9,236 10.323 15.682
27.11.85 . 49.730 28.107 93.254 40.732 177.987
12.12.85 10.574 5.678 87.768 6.032  46.590
21.01.86 4,149 4,528 4,503  3.640 4.606
04.02.86 - 4.163 4.289 34.362 4.380  5.217
12.03.86 4,818 4,622 5.012 8.727 5.864
25.03.86 7.634 5.016 5.767 5.528 8.978
08.04.86 152.061 98.362 106.399 160.649 159.446
23.04.86 22.165 ' '20.664 17.648 18.625 19.261
08.05.86 107.282 113,534 -92.981 118.087 125.729
20.05.86 62.696 90.769 :84.408 72,175 70.823
03.06.86 155.077 130.029 150.889 142.307 145.851
01.07.86 29.294 22.383 ‘ 25.867 45.635  40.869
15.07.86 2308.876 301.174 9.256 10.728 5.690
0.5.08.86 ~:31.820 49.374  28.743 14.712 6.233
19.08.86 i716.449 ' 40.176  30.531 12.099 7.863
02.09.86 120.044 31.715 30.325 31.301 20.727
TOTAL 1,003.262 968.627 824.419 713.663 892.759
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APPENDIX VII
Table ViIT Total zooplankton biomass (ind/1)

Date Surface 1m 3m S5m 10m
29.10.85 31 6 19 6 8
13.11.85 26 40 19 37 41
27.11.85 52 18 32 68 28
12.12.85 14 6 4 24 12
21.01.86 22 14 10 12 3
04.02.86 15 17 14 18 20
12.03.86 18 19 14 19 - 24
25.03.86 18 19 16 15 31
08.04.86 56 36 46 56 30
23.04.86 84 40 24 40 28

- 08.05.86 108 176 96 96 112
20.05.86 32 336 304 108 100
03.06.86 88 68 64 148 176
01.07.86 20 56 188 228 84
15.07.86 32 68 36 48 bty
05.08.86 52 72 24 32 20
19.08.86 76 132 60 44, 20
02.09.86 84 76 92 36 96

TOTAL 828 1199 1062 1035 867
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