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A comparatively new field of ecological research involving
radioisctopes has been developed in recent years as a result of the
pioneering effortz of a number of ecclogists (Hutchinson et al (1948)
(1950}, Coffin et al (1949}, Hoyes et al (1951)(1952), Macarter et
al (1952), Rigler (1956)(1961}, Kuenzler et al (1958}, Odum, E.P.
(1961), Odum, E.P. et al (1963)(1963), and many others). Radio-
ecology is concerned with the study of radiocactive substances and
radiation in a number of envirommential contexts. There are two
distinct phases or branches of radioecology: on the one hand
concerning the effects of radiationm on individual populations,
communities and ecosystems, and on the other hand concerrning the
fate 6f radicactive substances relecased into the environment and
the manner in which natural communities affect the digtribution of
these materials. (This study is concerned with the latter category.)
The continued accelerating uée of nuclear powver for peaceful
purposes over the last decade or so, as fussil fuel supplies become.
depleted or obsolescent, has produced the necessity for more detailed
research on the effects and behaviour of radioactive waates dispersed
into the various realms of the biospherc, especially aquatic ecosystems
(Higgins (1949), Foster and Davis {1955}, Davis and Foster (1958),
Templeton (1959), Rice (1963), ilexander (1965), Cemar (1965), Reichle
et al (1965), Reichle {(1967), Pomeroy and Kuenzler (1969)). When
radiocactive nuclides {(isotopes) are released into the environment
they invariably become diluted and dispersed through the system by
natural processes. They may also be concentrated into living
organisms during food chain transfers {(i.c. biological magnification)
or localised into particular ecosystem "components'; e.g. muds,
sediments, organic detritus or soils. zpending on their half lives

these isofopes may become haraless within a short period of time or,
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in the casge of longer lived 15010288y €ofe 903? etc., pose a long
term threat to the viability and stability of whole ecosystems or
important parts ihereof. ({(Townsley et al (1960)(1961}, Ophel (1962},
Templeton (1962}{2903), Menkley et al (1953), Sabo et al (1963),
Osterberg et al (1964), Paakkola (1965))

Food chaing are particularly important since they tend to select

L5
32?, t)Cag 1311, and

for isotopes of the essential elements, e;g,
to select againgt non-essential elements. Thus the bicleogical
hazard presented by radioisotope contamination depends primarily
on their availability to living organisms and the half life of the
igotope involved. Some of the earliest data on the concentrative
effects of both aquatic and terrestrial food chains were obtained
by radioecologists at a variety of nuclear plants contaminating
local land-water environments in the United States, e.g. AEC Hanford
plant on the Columbia River, Washington, (Herde (1947)(1947),
Coopey (1948), Herde et al (1950), Berry et al (1950), Coopey (1951),
Davis and Cooper {1951), Olsen and Foster (1952), Foster and Rostentach
(1954), Davis et al (1956), Hanson and Kornherg (1956), Davig and
Foster (1958), Gphel (1962))and the Cuak Ridge National Laboratory,
Tennessee (Whitecak Lake and Clinch River), (Knobf (1951), Helm (1953),
Krumholz (1956)(1961}, Krumholz and Foster (1957), Krumholz et al (1957),
Nelson (1967)).

More basic research into transfer routes, concentration effects
and on the basic functioning of ecosystems which underlie radioecological
phenomena will be of distinct importance as Man enters the age of the
"fazt breeder? reactor of the late twentieth century.

32? ig a radioisotope of metabolic and ecolegical impoertance
which has proved to be a useful tool in a wide variety of resecarch
fields, e.g. trophic relationships, mineral cycling, community

20y
» 20
metabolism, energy flow and modes of uptake and loss (“°P or phosphorous
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compounds) by different organisms. The importance of 4 P and other

radictracers in ecological sgtudies has been reviewed by a number of
authors (Jenkins and Hassett (1950}, Comar (1955), Dahms (1957),
Klément and Schultz (1962, 19063, 1964, 1965}, Anon (1963), Deevey

et al {1963), Odum, E.P. and Golley (1963}, Schultz and Klement (1963},
Hungate (1966), Polikarpov {1466}, Nelson and Evans (1969)).

Tracers in general are extrcmely useful when tracing biogeo-
chemical cycles and in inferring flux rates in steady state systems.
The ciements of nature vital for life are almost never homogenously
distributed, nor present in the same chemical form throughout an
ecosystem, Rather, materials exist in pools or compartments with
varying rates of exchange between lhem, and it is in this context
that tracer experiments have produced major advances in our knowledge
of biogeochemical cycles. Tracers may offer useful means for solving
two major problems in ecosysiem functioning, i.e. relating the one
way flow of energy to the cycling of materials, and of determining
how physical and biological facters interact to control the ecosystem
(Odum, E.P. (1961}, Odum, E.P. and Golley (1963)). They are also
becoming impertant tools in the study of community metabolism, e.g.

14 . s . .
C use in production meagurements in aquatic ecosystems. (Steeman~
Nielsen (1952); Allen (1963}, Thomas (196%))

Odum, E.P. and Kuenzler (1963) have pointed out their usefulness
in determining trophic positions and mapping food webs. (Pendleton
and Grundmann {1954}, Pendleton and Smarf (1954), Ball and Hooper (1963),
Crossley (1964), Reichle and Crossley (1965}, De La Cruz and Wiegert
(1967), Wiegert and Odum, E.P. {1969)) Sbhure (1970) has however recently
pointed oui somec of the limitations involved when using radiotracers
to determine consymer trophic posgitions,.

Odun, E.P. (1261) has also suggested the possible use of radio-

isotopes as Mactivity meters' in the field. IlHe points out that a
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major bottlencck in enevgy flow studies arises from the inability
of ecologists to measure the activity and metabolic rates of
organisms in the field as the ivncticening parts of intact ecosystems.
This applies particularly te heterotherms which possess no real
basal metabolic rate (i.e. it varies within fairly wide limits
according to a ﬁumber of factors). Therefore laboratory data can
only be applied very cauticusiy to field data. Odum, E.P. (1961)
has postulated thet by measuring the loss rates of certain suitable
isotopes from species organism in the field a measure of the
metabolic rate can be gained, if the loss rate can be linked to
metabelic rate or some specific aspect of metabolic activity.

Phosphorous is an essential element in the chemical makeup of
protoplasm from which all living organisms are formedes Its fund-
amental importance to living organisms, linked with its relative
scarcity in most envircnments {especially aguatic ones) makes it
probably the most important factor limiting productivity in many
regions of the hiosphere,

The importance of phosphorous te living organisms and ecosystem
dynamics in general makes it one of the elements of most concern
where radiochemical contamination from atomic installations is
concerned. Fortunately, both from the view of research purposes
and radiocontaminative processes, it has a relatively short half
life of 14.5 days and emits only moderately high energy (1-3 Mev)

(& particless although if released in lafge enough quantities it
could be viewed as a radioecclogical hazmard.
.

Tpe usefulness of radicisotopes in scientific research arises
from the fact that the isotope atoms behave chemically and biologically
in egsgentially the same way as the atoms of the non-radiocactive
isotopes of the element, with the advantage that these 'tagged"

atoms, their movements and rates of movement; modes of trangport
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and locii of conceniration cen be measured guantitatively. This
information on isotope movement can be used to determine quentitatively
the patterns of movements of the non-radiocactive stable forms, provided
the isotopic dilution of the non-radioactive to radioactive isotope
atoms in the various system components are known (ice. the extent to

) 32 . . . .
which the ““P atoms in any system or fraction are diluted with stable

32

31? atoms, that is the fraction of ~ P atoms among all phosphate

atoms)s

32 . . .

¢ igsotope tracer studies in the last twenty-five years have
elucidated much about the routcs, and more importantly, the rates of
movements back and forth between the various '"phases'!' of aquatic
ecosystems, such as small freshwater ponds and lakes. Since these
are relatively self-contained (i.e. closed systems) they provide
good sites in which to study inorganic nutrient cycling.
az,, . . . . .

The use of ~ P in the investigaticn of aquatic ecosystems was
pioneered by Hutchinson and Bowen (19483, Coffin et al (1949),
Hutchinson (1950}, Hayes and Coffin (1951), Hayes et al (1952},
Hayes and Jodrey (1952) and Rigler (1936). Pomeroy (1970) has

. . . , . 32 . .
reviewed the various studies carried out on ~ P cycling in lakes:
the main conclusions of these studies can be briefly reviewed ag
they have some bearing on this papere.

Tt was Hutchinson (1941) who recognised that the amount of
phosphate present at certain times in lake waters was insufficient
to account for many of the biclogical processes taking place. This
e s ‘ot 32 . .
finding was later verified by the P tracer studies of Hutchinson
and Bowen (1948), Hutchinson (1950), Hayes (1951).

1% has been found in most studies that phosphates do not move
evenly and smocthly from organism to the environment and back againe

At any one time mnst of the phosphate in aquatic ecosystems is tied

up in living biomass or soifds, c.g detlritus and the organic and
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inorganic particies of the sedimont. No more than 10% (Chu (1949)
has pointed out that not all of this may be in a chemical form which
is directly accessible to the organism, especially plankton and
macrophytes) is likely to be in a soluble form at any one time.
Hayes (1951} has pointed out that a pond or lake is not merely a
body of water containing nutrients; but an equilibrated system of
water and solids in which, under ordinary conditions, nearly all of
these nutrients are in a solid state or stage. It is the rate of
release of ithese nutrients, e.g. phosphorous, nitrogen, carbon, from
the solids, along with the solar input, seasonal temperature cycle
and varicus climatic factors, which are the important processes
regulating the rate of function of the ccosystem on a day to day
basis;

A rapid back and forth movement or exchange occurs all the time,
but extensive movement between the solid and dissolved states is
often jerky or irregular with periods of nett release from sediments
etc., followed by periods of nett uptake by organisms or sediments
depending largely on temperature conditions and organism activities.
Generally Speaking? uptake rates are more rapid than release rates;
plants, for example, will take up phosphorous compounds in the dark
or under other conditions when they cannot immediately use it. During
periods of rapid growth, e.ge spring, all available phosphates may
become bound into producers and consumers. The system may then have
to Yslow down!" until bodies, feces, etc. can be decomposed and these
phosphates again released and recirculated. Thus the concentration of
phosphate etc. in water at any one time may bear little relationship
to production, c.g. 2 low lavel of phosphate could indicate an
impoverished or highly active system (metabolically speaking): only
by measuring flux rates can ibe true situation be determined. The

rapid flux of phosphate is a typical characteristic of highly



productive gystems and it ié thie flux which is wmore important than
the gross concentrations present in maintaining high rates of
organic production,

The turnover times of disgolved inorganic phosphate were
found teo be shorter than was first envisaged by limnclogists,
i.e. minutes instead of days,; €e0. 3.6~5.4 minutes for water to
plankton (Rigler (1956)(1961)}. Rigler (1956) and others (Hayes
(1953), Herris (1957}, Whippie (1901)) have pointed out that bacteria
are largely responsible for this rapid flux in the plankton, Rigler
found that approximately 85% of introduced 32P was removed from
soclution into suspended lake bacteria within thirty-two hours,
and conciuded that they play a major part in lake P04 circulatione
Pomeroy (1963) has found, on the other hand, that bacteria have a

significant but very variabhle influence in marine water phosphate

. cyceling.

Whittaker (1954) and Rigler (1956) have noted that phosphorous
(inorganic) uptake tends to be most rapid in phosphorous impoverished
lakes.

Many ouldoor ecosystems are complex, hard to delineate, ofien
difficult te study and, in the case of radiotracers,(in this country
at least) unavailable for investigation. Thus traditional scientific
methods of experiment and contrel are difficult to enforce. A recent
approach to tﬁese problems involves the use of simplified field
systems in the laboratory with discrete boundaries which can be
replicated at will and used to test ecolegical principles (Whittaker
(1953, 1954, 1961, 1971}, Foster (1959), Byers (1962, 1963, 196k, 1965}).
There are two basic types:

a) i) Axenic cultures (Odum, H.T. and Hoékins (1957}, Byers (1963))-

These are produced by multiple seeding of organisms from

natural habitats inteo laboratery situationsa.
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ii} Polyaxenic cultures: mere sophisticated versions of i)
{(Nixon (1959), Taub {(1969)(1969)).
b) Gnutebiotic systems (Daugherty (1959): bere the exact composition
down to bacteria is known.

Whittaker (1654){1961) used axenic cultures developed in the
laboratory as models on which to study problems of radioisotope
contamination in natural aquatic environments. DByers (1963) has
used similar techniques to investigate the metabolism of simple
aquarium microcosnse.

Lastly, it is perhaps worth mentioning another technique which,
in conjunction with tracer technigues, can be applied to the
investigation of nutrient cycling. Relatively small amounts of field
data ;an be used to construct simpiified but realistic models of
element cyecling through natural systemse This is achieved by using
a system of differential equations (Whittaker (1961), Odum, H.T. (1960))
to describe the manner in which the isotope (i.e. element) contents
and movements through one compartment or phase of an ccosystem affect
those of adjacent parts of the system.

Such &odels can be manipulated by computers (digital and analog)
to determine the transfer coefficients which will make the model a
more realistic mimic of the real situation. This technique has been
effectively used in conjunction with field and laboratory data on
325 ana Y*¢ movements (Odum, HoT. (1960), Whittaker (1961),

Garfinkel (1962), Neel and Olson {1962), Olson (1963), Pomeroy,
Johannes, Odum, E.P. and Roffman (1966)(1969)) to produce quantitative
pictures of élement cycling varicus ecosystems and the effect of

changing physico-chemical conditions on these cycling patterns.
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Lahoratory ecosystems can be useful in demonstrating the great
value of radicactive igotopes in the study of various cavironmental
phenomena. Tracers “extend" Man's powers of observatien with regard
to biclogical function within the community and the fraﬁewerk of
individual species by enabling bim to "observe' otherwise undetect-
able processes and svents. This study was carried out for the
following reésonse
a) sz was a reascnably safe and easy isotope to work on with the
facilities to hand. It is a wajor macronutrient of great importance
to living organisme and is invariably feund in short supply, especially
in aguatic communities.

b) This study vas aimed at elucidating and illustrating the majer
movements of phosphorous through a freshwater pond community set up in
an aquarium microcosme

c) 32? can assume an important part of the aquatic contamination
produced by certain reactor plants and their effiuvents {(e.g. Hanford
works and Oak Ridge National Laboratery, U.S.A.), and it was hoped
that this study would illustrate some of the possible routes of BZP
contamination and its ultimate fate within such an environmental
frameworic.

d) Cther facets of the study involved the use of radiotracer
infermaticn to produce estimates of production efficiency and the
investigation of uptake/loss processes in two species of aguatic

invertebrates.
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PART ONE,

THE AQUARTUW ETCROCOSK.




INTRODUCTION,

Thevexperiment was carried out in & glass sided, steel framed
aquarium 132 ci., long, 24 cm, vwide and 32 cm. deep. On 1itn

May 1972 the aquarium was filled to a depth of 28 cm. with water
frome nearby set of ponds at Villington, Co. Durham,(O}S.S. 85

204 343). On the same day the bottom of the aquarium (surface
area 4,368 cmg) wag covered to a depth of zpproximately 5 cm.with
12 Kg (dfy weight) of organic rud removed from the atove ponds.

The mud was thoroughly stirred in sn attempt to spread the lighter
organic material as evenly aé nossible over the hesvier inorganic
substrate. The mud layer was later sampled with the aid of
plastic siide boxes (twelve with a volume of 19 cm,3 and thirty-six
with a volume of‘15 cm3), which were placed in four large: (14 em. x
11 cm. x 3 cm.) piastic trays and covered with mud. On the next
day; forty—six.glass slides (sixteen with a surface area of 75 cm2
and thirty with a surface area of 6O.cm2) were suspended vertically
in fhe mater at various depths by nylon lines stuck to the outside
of the aquarium. These slides were later used to samole the
sidewzll community growing on the exposed glass walls of the tank,
above the uwud. The total glass érea available to this community
was 14,927 cmz, of which the sample slides made up 2,978 cm2.

The volume of water introduced to the tank was calculated to be
122.304 litress; this effectively remained constant through the
per}oé of the experiment, since glass covers prevented evavorziive
loss, The tank vas constantly aerated by a 3 cm. a2ir cube sus-~
pended about 5 cm. below the water level 2t one end of the tank,
The air pressure was adjusted to produce a gentle circulation in

the upner layers of the tank. £1 no tiwe wa= the aerstion
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pressure sufficient to cause any noticeable sediment circulation
from the mud into the upper water layers.

The tank received an approxirately equivalent light exposure on
all sides; an overhead fluorescent lamp vas used to conpensate
forthe aquarium's shady position in the laboratory. During the
course of the experiment the water temners ture varied between lYOC
at night and a maximumof 21.SOC in the'day, The simple system
gset up wes, along vith other fractions added at later dates,
allowed to develop for three weeks prior to the addition of a
P32 "spike'.

During the three weeks prior to the addition of the "spike", a
representative'cross section of plant and animal life was re-
moved from the aforementioned ponds and gredually transferred to
the squarium microcosm.

The first additiom was Callitriche sp., a large mass of which
was transplanted into the squarium (along with its rootsAand
attached mud). The mzjority of animel species used were trans-—
ferred to the aquarium during the weel preceding the addition of

32 . ' . .
the P°° spike. A number of smaller organisms, e.g. Polycelis —

nigrs (Plansrion), Planorbis albz and Limnaea pereger (lollusca),
Leptocerus sp. and Urizenodes sp. (Caddis 1arvee), Hydrobius svo.
(Coleoptera), Hydracarina (Vater iites); Limnesia fulgida,
Diplodontus despiciens, Hygrobates longipalpis and Eydrarachna
glokosa, were gradually transferred into the aquarium up to three
weeks before ?32 adéition. Largér herbivores, e.g. Rana sn.
tadpoles, Limnophilus stigma and Limnophilus xanthodes (Caddis
arvae), Corixa punctata (Hemiptera) ﬁere added about four days

before "spilking". Daphnia nulex were added twenty-four hours

pefore "spiking® elong with the filawentous alga, Spirogyra sp.
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The carnivores, e€.g, Dyfisous sv, larvae and adults, Eyphydrus
ovetus and Agabus sp. adults (Coleoptera), Sialis sp.larvae (Alder
fly), Enallagma sp. (Damsel fly nymphs), CGerris lacustris (Pond
Skater), Erpobdella octoculata {Leéch), Wepa cinerea and Notonecta
glauvca (Hemiptera) and Gasterosteus aculeatus (sub species gymaurus)
(Stickleback) adults and fry were added last of all.

A1l the animels introduced into the aquarium were selected to be

of approkimateiy the same size (within esch species) in-order to
try and reduce tova minimum the individual biological variation

in P32 untake during the exvperiment., Avpart from Daohnia sp.,

the totai number of each species introduced was known,  During
the period betveen removal frowm the pond and transfer to the
aquarium the aniﬁals were kept in two hunéred litre plastic
containers along'with mud, aquatic plants and, in the case of
carnivores, their usual food species. Practically every species
of larger animal found in the pond was represented in the aquarium,
and later sampled.

The final water level was recorded at the time of "spiking" and
was not otserved to decrease appreciably during the courée of the

32

experiment. Immediately prior to the addition of the P”  "spike",

2 . .

a glass tube (surface area 10.2 cm”) was placed in the centre of
) . . 32 . s

the tank in order to estimate the rate of P sedimentation pro-

cesses occurring during the experiment.

1.1. Sempline Procedures.,
’

The experiment commenced at 11 a.m, on 2nd June 1972 when
- g - 6 .32 . .

39.06 uc (86.72 x 107 c.p.m.) of P~ was introduced and

mixed into the surface zyersd the aquarium water.

Beginning one hour and ending 1200 hours (fifty days)

later, samples were removed from 21l the msjor community



fractions
animals).
555, 864
a number
103, 119
sampling
hours owi

in sampli

(vater, mud, sediments, sidewalls, plants and
Samples were rewoved at 1, 7.5, 22, 53, 168, 363,
32
and 1200 hours after the P”° was introduced. 1In
of cases further samoles were removed at 72, 96,
< o 32 . s

and 196 hours after P”° introduction. The
of some organisms vas discontinued before 1200
ng either to shortage of material or difficulty

ng.

Since what occurs after the introduction of P32 happens

ranidly a

time pass

were c¢onc

periment.

t first and then progressively more slowly as
es, a large proportion of the sampling points

entrzted into the first 168 hours of the ex-

The following samples were removed at most samoling points:

1.1.1,

Sixty ml. of aquarium water, ten ml., of which was
immediately transferred to the counting apparétus
and its radiocactivity (in c.p.m.) recorded. The
remaining fiftj ml. was vacuum filtered through a
25 mu.diameter millipore filter paper (vore sigze
0.45 u), Ten ml. of the resulting fluid was ihen
transferred to the counting apparatus and its
radioactivity recorded, Towards the end of the
experixent the raéicactivity of the filtered
fraction declined to very low levels; as a result
larger volumes of filtered water were used (fifty
or hundred ml.) in counting. These were evaporated
down to ten ml; voiumes and then counted on the

o~

recording apparatus, The millivore filters were
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carefully removed, transferred to watch glasses
and placed in a drying oven,

1.1.2. A number of glass plates were ramoved from
different ooints in the aquarium (the sidewall
area samnled varied from 120 to 195 cm2 on o8t
occesiong), cuickly rinsed in distilled water to
remove any aquarium water and then transferred o

v%he drying oven. Any higher organisiS, e.g.-
snéils, eggs and insect larvae, attsched to the
slides, were removed before dfying.

1.1.3. Plant and anirmal samples were removed from the
tank, killed in hot water and wsshed under a cold
Gater jef for about two minutes in order to remove
ahy P32 adhering to their surfaces. The snails,
Limnaea'peregQr, were renoved from their shells and
the two parts of the organism were treated,
separately. The caddis fly larvae, Limnophilus
stigma, Limnophilus xanthodes, Lepntocerus sp. and
Triaenodes sp. were reimoved from tﬁeir cases; vhich
were then discarded. Samples were then trans-

1

ferred to the drying ovens in watic

3]

n glasges.

Animal sauples were removed with a swall net;
plant samples were picked out and cut off at a
variety of points with scissors and forceps.
1.1.4. Sediwent samples ﬁere removed aftsr longer inter-
vale (0-7, T-36, 36-50 days) in thé tank., The

S

samnle tube was allowed %o stand for an hour
‘ 3

after vhich the water above thie fine sediment was



removed with a nipette, The sediment was
rinsed out of the tube, evaporzted and dried in
the oven.

1.1.5. Lud saumoles were reméved from the aquarium floox
with a hand operated grab, The volume of mud
removed varied frowm 30 .to 57 cm3 on most occasinns,
Living organisns were returned to the tank if found
in tre wud sampler cases. The mud was tipped into
large watch glasses and the insides of the sample box
washed off and addedf The mud was then transferred
to the oven for drying.
All samples were dried to'constant'weight in a
drying oven set ét YOOC. Host animal and vlant
szmples required at least seventy-tvo to ninety-
six hours drying, soue, e.,7. mud; required at
lezst a week.
After drying, 21l samples were weighed on a balance
accurate to four decimal places. Samples were
allowed to equilibrate with fhe laboratory
hunidity and temperature for about one hour after
removal from the oven, It was noticed early in
the weighing procedure that immediate weighiﬁg
after rewoval frow the oven gave erratic resulis.
This was due to the rapid condensation of weter
Vaoéur onthe samnle and watch glaes surfaces as
cooling occurred. In the smaller sauvles this
would have nroduced an avopreciable error, if it
had not been coticed and allowed for, as most of

the aniwal sawnle weishts were well below one gTam,
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1.2.2.

Frior to transplantine, the Callitriche and Spiro-
gyra were weighed wet. A number of known wet
welght sawples were removed, dried for four days

0 C o .
at 70°C and reweighed. Since the total wet

weight was known and the wet to dry weight con-

version factor calculated, the total dry weight
introduced can bve estimated fairly accurately.

The wel to dry weight ratioé were resvectively:
Spirogyra sp. 18:1, Callitriche sp, 12:1.

The precise numbers of each species introduced
was'known; the average dry weight per individual
of 8 specles was céloglated on the basis of the
total sample weights and the nuwbers reamoved by

the end of fhe experinment., In a number of cases
thie rrecise weight of a species fraction was known,
e.g. Dytiscus sp. adults and laxvae, Notonecta,
Wepa, ¥rpobdella, Sialis and Gasterosteus adults,
tecause by the end of the experiment all the intro-
duced swnecimens had teen recovered. The Daohnia
biomass was estimbted on the basis of the introduc-
tion of a known wet weight and the later determina—
tion of the wet to dry weight restios.

Sidewall Community,

A% each sawple time the dry weight per unit ares

of the sidewall community on thae glass sauwple
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nlates was determianed by weighing the dried
plates 5efore end after the acid digestion pro-
cess. Since the total glass area availalble to
this community fraction was known, the totél
tank bhiomass could he estimated at different

oints in time through the course of the exneriment.
p “ ]

(Fig.9, Table 6).

Millivore Fraction.

During the experiment fifty ml. water samples mere
filtered through millipore filters at various times
in order to determine the P32 uptake by this frasc-
tion, The filter vapers used wers dried to a
constant weight before filtering. Since the dry
weight of the Tilter paper plus the millipore
fraction filtered out frowm a known volume of

water can be measured, the blomass per ml. can

be determined, and from this the biomass held in
the 122.3 litres of water in the aquarium. (Fie.9,
Table 5). The very small sample weights involved
make these estimates rough ones at best.

iiud Fraction.

The mud used was weizghed wet prior to its intro-
duction into the tunk. Nezrly two hundred grams
wet weight was rewoved and dried and the wet to

dry weight ratio calculated as before; from

tais the total dry weight introduced can be esti-~
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1.2.6. Sediment Accumulation.

The sediment saumnler was rewmoved at intervals and

the dry weight of organic matter sedimenting into

the sampler during the preceding period was

measured. The total amount sedimenting into the

mud was estimated by multiplying the sample weight
’ 2 . ) - 2

by 423§8 cmyy 1.e. 428,95, The 4,368 cm™ refers
10.183 cm :

to the wud surface area, and the lower figure 1o

the surface area of the sample tube open to the

water.

Finally, biomass estimates were made at the end of

the experiment by reuwoving all the rewmaining organ-

isms anddetermining their dry weights,

Digestion lechnioues,

. A number of methods can be used in the digestion of samples

and tissues in preparation for biochemical. and radiological

analysis, (McCarter and Steljes (1948), Krumholz (1953) and

Robinson (1941)). The digestion technique used (along
with 2 number of minor alterstions) was one originally
developed by Krumholz (1953) for the routine preparation
of fish tissues, in order to detsrmine their gross beta
radioactivity,

The wmethod wis as follows:

1.3.1. The dried, veighed, samples (animals, plants, and
millipore. filter)wsre placed in 25 ml. test tubes
calibrated at 8 wl. volume.

1.3.2. Concentrated nitric acid was added (5~6 ml.) and
the sawoples allowed to sitand for twelve to twenty-—

four hours.
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"hen the bulk of the organic tissue had been
digsolved, the samples were heated gently to
tetween 40—5000 for two to four days until organic
tissue had been reduced to a minimum,

After two to four dsys digestion, the samples were
allowed to cool and one to four drops_of a thirty
per cent hydrogen peroxide solution vere added to
oxidise any rewaining organic material. Caution
was reguired at this point as excess hydrogen
peroxide caused the samples to boil over.

Hezting was resumed after about an hour and hydrogen
peroxide waé added, a few drops at a time, until
thie solution beczme clear and free of organic
méterial, The attainment of a clear solution
indicated that the tissue digestion wss complete
and that all the organic material had been oxidized.
The samples were allowed to cool, made up to the

8 ml. mark with nitric acid and then transferred

to the liquid counter with a pipette. The re-
maining 2 ml. reguired to fill the liquid counter
to the stendard wurk, were made up with nitric

acid used to carefully wash cut any P32 adhering

to the sides of the sample tube., The liquid
counter was rotated gently through 360o a number of
times in order to thoroughly mix the sample liquid
orior to obunting.

A nuwber of difficulties were encountered when
using this fechnique ~hich may have had some

effect on the accuracy of the sample counts.
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(a).

Plant tissge vas generally very difficult

to digest completely and usually reauired

in excess of 20 ml. of concentrated nitric
acid, A% the end of digestion there was
always a small amount of tissue remainings
however, by this time all the P32 fixed in
the {tissue was assuned to have beeﬁ extracted
and dissolved in the acid.

Some of the animal species also resisted com-
plete digestion, namely Limnzea pereger, Rana
tédpoles, Limnophilus stigma and Limnophilus-
xanthodes, In the latter two species the
undigested portion consisted largely of fats

32

which hold little P7" after dicestion (Krum-
holz, 1953). The former two species pro-
duced apprﬁciahle‘amounts of mucus, fats_ahd
pigmented tissue which generally formed a
rind around the edge of the tubes. This
was considerably reduced by adding concen-
trated sulphuric acid in equal volumes to
the nitric acid.
The digestion of sidewall nlates, mud and
sediment sawples required a different tech-
nigue. Sidewéll plate communities were ‘
rapidly dirested overnisht in & mixture
consisting of equal varts of coancentrated

32

nitric and sulvhuric acids. Any F ad-

hering to the viates was washed off with
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concentrated nitric acid =hen digestion WA S
completed. The volume of acid required fox
coiplete digestion usually exceeded 100 mlj;
a 10 ml. ali@uot of this was taken ana used
to determine the total samole count.

The dried wud samples were invariably divided
into a number of portions which were digested
separately. The oriﬁinal seuple was ground.
up into a fine state of division with a
vmortar and pestle. Digection was carried
out with mixtures of concéntrated nitric
acid and sulphuric acid. The acid volumes
required for digestion varied from 30 to
over 100 ml; digestion proceeded for up to
fourteen days with regular wixing. The
clear liquid rémaining was pourea off and
centrifuged to sediment out any fine mud and
other particles . 10 ml, portions of the
fluid samples were assayed in the liquid
counter in the usual manner, This washing
nrocedure was repested two or three times
until the 10 ml.aliquots assayed on the

32
counter recorded a negligible number of P~

disintegrations. This ves tarven to indicate

R -
that all the F in the mud sawole had been
removed and nezsured. It is interesting

to note that, as successive waschings were
32 .

essayed, the T activity of each washing

did not alwayvs decrense as one might exnect.
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It was oviginally assumed that a major
. 532 ' - X
prooortion of the P7  in a isud sample would
" be removed in the first acid washing. This
rarely occurred, and suggests that an
. . 32
appreciable fraction of the sauples P7 was
held in a tightly bound form with other
mineral compounds in the wmud.
Sediment samoles were digested in a similar

vay to the plant and animal specimens; only

here larger volumes of acid were employed.

Countiqg Techniques.
The majority of sauples (80% +) were assayed using a Hullard
Veal liquid counter (volume 10 ml.) mounted in a2 one inch
thick lead castle connected to a Scaler 1800E recording
unit. The remaining twenty per cent of sauples were
zssayed in the same liquid counter connected ﬁé a Ratemeter,
or in 2 6 ml.unshielded liouid counter connected to a
Decade type recorder.
‘The radioactivity of the acid digesf sanples was then
determined in the following manner:
1.4.1. The background radiztion level (i.e. counts per
minute) was determined by using a liquid blank
in the counting apparatus, This blank was a
one per cent sodium hypophosphate solution.
1.4.2. Thé radioactivity' of the acid digest sample vas
then determihede
1.4.3. ifter each wcid digesf‘had Leen assayed the
liquid counter was thorourhly washed out severnl
tiwes with concentrated nitric acid, then a

hyoophosohate solulion and finally veter.
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Thorough weshing was vital in order to reduce

32 : . . .
P”" contamination of the counter to a minimum,
Conteminated counters will result in a high back-
ground count and this will reduce the efficiency
and accuracy with which samples with a low level

of redioactivity can be wezsured.

A

A number of correction procedures must be made

before the total radioéotivity of a sample can be
defermined.

The background count was subtracted from the
grose sample count (i.e. sample count plus the
background count) to sive the actual counts per
minute produced by the sample alone.b This was
requiied because the sample count recorded con-
sisted of disintegrations produced by'the sample
end disintegrstions produced by background
activity from a variety of sources,e.g. éosmic
rays, nearby radiocactive materials, natural radio-
activity produced by the waterials from which the
avparatus was made and radiosctive contamination
of the 1iquia counter by »nrevious samples.

The resulting figure was corréoted forradioactive
decay since the tine of P32 introduction to the
tank, i.e. zero hours, as it was the movements

32

which were

32

and relafive concentrations of P
the concern of this experiment snd not the P
levels zs affected by decay.  'This corréction

Co s .32 o
wag reguired beciuse P has a fairly short half

s
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life of 14.3 days {363 hours) i.e. after two
weeks fifty-one per cent of the original P32
introduced into the system remains, after four
weeks tventy-six per cent, after six weeks
nirteen per cent, and after eight weeks 6.6%.
This figure (counts ver minute at zero hours)
was then converted to éounts per minute per
gram of the samples dry weight.

In a nuwber of cases the digest volume exceeded
10 ml. 1In these cases the total acid digest
volume was weasured, a 10 ml., aliguot was taken
and assayed, the background count was subtracted
from this and the result was multiplied by the

original sample volume divided by ten., For

example, a 10 ml, aliquot taken frow a sample

with a volume of 18 ml., recorded a nett count of

100 c.p.m., therefore the total szuple count is
given by 18 x 100 = 180 ¢.p.m.

10
The final calculation made is one which corrects
for the effects of the counter efficiency. Due
to the design of the liquid counter and the
materials from which it is constructed, a large
(but relatively constant) orovortion of the dig—
integrati s produced by the samples are not
recorded by the electrodes of the liquid counter.
It is possible to correct for this phenomenon by
assaying a 10 ml. samnle with a known activity.

The counter efficiency is then given by:
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Vett recorded c.p.m. in samople x 100
Actual c.p.m., produced

The counting efficiency of the Scalei system was
almost exactly ten-per cent. The other systems
used gave lower counting efficiencies and these
were'determined at intervals of a few days, thus
any fluctuations in efficiency could be determined

~and allowed for when determining the actusl
activity density of avsample.

Statisticel Considersttions.

These were concerned with expressing the reliability or
accuracy of the observed count rate in terms of the
accuracy with which the cample was measured by the
recording anparztus, The acéuracy which éan be achieved

in any meazsurement is dependent on the magnitude of the

-count rate and the time taken over the observation. This

is due to the random nature of the events recorded, i.e.
several determinations of the count rate made under
identical physical conditions will produce a number of
values scattered about a mean. The Poisson-distribution
shows that the larger the number of individual determina-
tions made, the nearer the mean value will belfhe "true k
value",
In 2ll czses the Standsrd Error of the sample counts were
determined. Standard Errors were czlculated in two ways.
1.5.1. “here a sincle deteruwination was made the Standard
Error was calculated as:
S.E. = /Total number of counts recorded.
1.5.2. In those cases vhere a single determinatibn of

the counts Tecorded ovar a set time was made 2
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number of times, the Standard Brror was given as:

- g7 —
S EL' 52 {h-n) n = mean value.
T x(%x-~1)
n = sample count.

X = number of sample
counts taken,
These 1wo methods were used because it is more
accurzte 1o make a large nu@%er of individual
determinations of the samole count rate where

it is only marginally higher than the background

count rate. This gives slightly gre:ter accurzcy

since it puts greater weighting on the theoretically

higher proportion of individual values which
approximate to the mean value, and enables one to
reject any determinations which éppear to be more
inaccurste than is expected purely on probability
theory., In those cases where the samole count
rate exceeded the tackground razte by a factor of
ten times, it is wore convenient and no less
accurste to set the counting nachine a large

4

number of pules, e.¢. 10" +to 106 to record in one
run only,

During the early stages of thé experiment in
particular, many of the szmples were vroducing
low count rates and therefore required a large
number of ihdividual determinations for accurate
assaying. In wost cases the Scaler was set to
record a set number of counts (usually four

hundred or one thousszd) and this was revested
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five to twenty times fér each sample,

In biological work the-individual biological
variation between different individuals or
organisus 1is sufficiently large to make the
attainment of a Standard Proportionzl Error of
two pef cent, all that is required in radio-
activity determinations. When determining the
count rate of a sample the Stendard Proportional
EBrror can be reduced tovany desired dimension in
a single determination by continuing the counf
for a long ensugh neriod of tiume. For example,
if lO4 counts are recorded for a sample, no
matter what time period is recuired, the Standard

] U
Error is: Afio

. (00

that is one per cent,

In wost cases in this experiment, a Standard Pro-
portional Error of at least two to three per cent
was obtained, i.e., a minimum of 2,500 counts was
recorded per sample. In a few cas S, especiélly
those samples with & low count rate, the Standard
Proportional Error was larger than three per cént
beczuse insufficienf counts were recorded.

In the majority of cases a total of at leust one
thrusand counts was recorded when determining
backeround counts, i.e. a Standerd Provortional
Brroxr of three rer cent,

Minally. the Standsrd Brrors of nett count rates
wag cileculated bty: 8.0, = 5.E 2 X3 S.E.z

A = backgronnd

Rt Ko
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Hadiolosicnl Safety Technioues,

A1l types of radiation oroduded'by radioactive elements
caﬁ dzmage living tissue. The extent to which special
precavtions sre recuired in the haundling of isotopeé

devends primsrily on the amounts used and the relative

radiotoxicity of the isotone. P32 is only a moderately

25 60

toxic isotope along with isotopes such as Fe”’” and Co

and as such does not recuire many of the stringent pre-

90

cautions demanded when using isotopes such as Sr7° and

other naturel radiocactive elements with a high mass number

(Frencis, Lulligan and Wormall, 1959),

. ' 32 . - .
The total amount of P™7 used in this experiment was

relatively minute (45 uc): +this along with the fact that

32

P™ has a short half life and a range of only a few centi-

netres in air, meant that normal laboratory areas could be

used, providing a number of elementary precautions were takén;'

These were as follows:

1.6.1. Acid digestion was carried out in a fume cupboard.

1.6.2. All working surfaces involved in the transfer of
acid digest samples were covered with thick ab-
sorbent acid resistant paner.

1.6.3. Solid and liquid waste contaminated with P32 was
confined to one bin for senarate disposal.

1.6.4. Flastic gloves were used when removing samples
from the aquaria and other experiments.

1.6.5. The agquarium vss coversed with glass to prevent
the loss of labelled organisms, e.z. midges,

damsel flies, caddis flies and beetles,
$
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The aoquarium microcosm vas raised off the bench
surfaces with a number of two inch squars wooden
blocks. The whole area around the tank was en-
closed within a rigid wood and plsstic sheet
frame. These precsutions were tsken in case it
became necessary to isolate and repaii any leaks
oceurring from the aquarium base.

411 ¢lassware was thoroushly washed before reuse
to reduce the possibility of contaminating later
samnles in the »nrocessing procedure,

Aéid digest and wster samples contaminated by P32
were always transferred by using rubber bult
pipettes in order to eliminate any possible oral

contact with P32.
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Problems of wethod.,

Aguarium comsunities are small but by no weans simple.
As in almost all synecnlogical research, various problems
arise in the sampling snd separation of some community
fractions and in the interpretstion of vhat is faking
- -4 1, . . . 4 HH £ 32
place in the system at any one tiue. Ihe Movement of P
through such a system is highly complex and not all the
major routes of transfer can be effectively sampled or
separated out., Other factors affecting the complexity
of movement include the inter-relating effects of almost
all that happens in the aquarium microcosi,
The small size of the community and tierefore the modi-
fying effect sample removal has upon it will also com-
plicate the picture. The effect of sawple removal on
N 32 1 e ie 4 .
the total P~° available in the system can be correctied

. . 32 .
for by subtracting the amount of P™  removed at each
sample time frow tbe total awrunt present before each
samopling period. It was calculated thztby the end of
- . \ . 3
this experiment, about four per cent of the original P
introduced had been removed by ssupling procedures.
Sample removal in this experiment had a less modifying
effect on the community than in similar exneriments
carried out by Wnittaker (1951). The efTect of sample
removal wzs insignificsnt in wost cuses, e.o. water, mud,
sediment ond millipore fraction, 4 1% removed, sidewall
community zbout To
. . o . . s e 532
‘hen determining the cercentage distribution of P with

time in the aniwal and plant fractions, one &lso must take
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into account the effects of vredation, herbivore grazine
and wortality on these fractions in order to estimate the
' 32
size of their P pools at any one tiwme. The biomass
of these fructions was known to a resconable degree of
accuracy at zero hours and also at 1200 hours and it has
been assumed that the biomass of any one plant or animal
species at a particular time lies at a point on a étraight
iine drawn tetween the biomass estimates at O hours and 1200
hoursg, i.e. the populations were assumed 1o decrgase in a
strairzht line manner.
Total P32 distributions with time in the various community
fractioﬁs have been interonreted on the basis of both the
actual changing populations (estimated as atove) and oﬁ 2
hypothetical constant one (that existing at zero hours)
(Figs. 1 and 2, Tables 1 and 2),
Otuer problems are concerned with the effective separztion
of comaunity frections and the various modes of P32 untake.
The millivore fraction filtered out from the water was a
comvlex mixture of algae, bacteria, protozoa, rotifers,
organic and inorgsnic psrticles and colloids along with.
bacteria and other orronisus attached to their surfaces.
Sample examination under the microscope supported the
assumntion thst algal cells nredominated in terms of
biomess though ~hether they ere resnonsible for a major

32

vart of the P” uoctake into this

=1,

raction was another
matter (Rigler, 1956). Suck a wmixture can be sevar:ted
fairly efficiently (Vhitteker, 1961), however samople

volumes of tvo liires are reauired, Thig v#s considered
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too lzrge a volume (in terws of itz effect on tihe community )
to be usable snd conseanuenily finer sevaration was uot
carried out.

The organisius of

the sidewall fraction formed a thiék brown
film over the glass substrate., lilcroscopic examination
revealed thet this consisted lareely of algal and bacterial
remainsf Algae attached to the sidewalls included
Lingbya sp., Oedogonium Sp., Osci%gtoria sp., along with
large numbers of rod-like bacteria. It was virtually im=
possible in this experimsent to zssess he relative impo:ténce
of these fractions in terwms of P32 uptake into the organisms
and onto the surface of the ¢lass sidewzlls,
he mud fraction probably had the most complex make ud of
all the aéuarium fractions. It included the following
fractions. TPFilamentous and unicellular algae, bacteria,
diatoms, detritus particles, iarge pieces of decomposed
organic material, fibres (mainly Potamogeton SD., ) large
pieces of coal, coke and smelter ore; glaés, gandy quartz
and very fine coal dust particles. . The totzl surface
area of this heterogenous mixture certainly presented a
a2
lerger surfsce avea than thit of the tank bottom (4,368 cm )
on vhich it vested. Tracer data from the early hours of
the exrceriment indiceted-that this community friction took
up about as much P32 from the water 2s the total glass side-~
wvall fraction hioch had a surfzce zrea nesrly three tiwes
graster.
This heterogenuvus mixture was difficult to swuple Lecuuse

in ti'e orocess »f rewoving saunle boxes from the hottom

’l
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of the aquarium some detritus ond vegetable uztter vas
invariably lost., It was probatly this and other in-
acocuracies in wud sawpling thut account? for the in-

32

e F deficit towards the end of the ex—

32

creasingly larg

i

periment. fhé term deficit refers to P°° unaccountable
for in the aquarium on the basis of sawmple data, e.g.
forty-seven ver ceat at 1200 houvrs., It is zssumed that
a larze part. of this deficit was held in the wmud, but re-
moined undetected because of the rather crude sampling
method (Figs. 6 and 7).

he sicewall comunity probstly has an exagegerated im-

32

portence in terms of P~ upteke, when compared to its
importance in the field, btecause the large glass surface
area in the tank provided an ideal and nuch enlarged
habitat. In the natural state such a community is
lacgely confiﬂedvto the surfaces of aguatic plants around
the pond edges.,

On 2 nuuwber of occasions the wud sawples were separated
into tvo fractioans and assayed separstely. ‘he fiﬁures
obtrined were variable but sugrest that about trenty-five
per cent of the‘mud P32 wys concentrated onto thes larger
pieces of orgernic detritus by the end of the experiment.
Anotuer fruction that was impossible to assess accurately
wae the Chironowid, Oligochaete and Hematode fauna in the
wud . It was originally thousrht that the mud was largely
inert.in terms of biologic.l activity. Later. observatinns
of Chirvonomid enerrence in the tank and wicroscopic analy-

gis revesled itlhe existence of these very sma2ll organisus.
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fines of this experiment, exceedingly difficult and not
vortnwhile. However, these organisms may well have pro-
id : y 32
vided an important food sunply and P source for small
carnivores and¢ fish,
. Y : : :
'he movement of P”° throush the aquarium fractions and
organisms is a composite of several different kinds of
uptake and loss which are not easily distinguicshed or
eslimated (Yhittaker, 1961)., Surface adsorption, as
opposed to uptake via food and surface absorption, is a
significant problem in a number of community fractions.
32 . . T s
Foxr example, ¥ uptake onto the glass sidewalls involves
surface adsorptiion onto the glass surface and the living
and non-living organisms and particles achering to it.
There is also active upteke by bacteria and algae, and
the relative importance of these different processes
cannot be estimated., A significant but variable part of
the untake by uwd, sidewalls and the millipore fraction
during the firet hours is adsorptive. Thus the sidewall
fraclion uvtzke was made up of {0 components, one
(adsorptive) reaching ecuilibrium in a few hours, and the
other (absorpiive) approaching equilibrium after fifty-

C

thres nours. (Fig.l). ‘“be major vart of P32 uptake

X

1nto zquariuvm surfaces involves bacterial andéd micro-

orgenisw films (¥hipple 1601, Rigler 1956, EHarris 1957,

32

Whittaker 1961); these actively take up P~ and are
o e e 32 i
often m2ajor loci of P concentration. Surface ad-
L

sorption also occurred onto fthie surfaces of agninals end

nlents in the inditizl hours of the exoeriment when the
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32 . . .
P° content dissolved in the -ater was hish., Here again,
this effect is largely due to tiie action of bacterial and

other microorgenism films (Harris 1957). As time passes

32

and the P”° levels dissolved in the water fall off, the

. . 532 4 :
surface losdings of P”  concentrzted by these organicms

. . T as 1
are increasingly reduced znd diluted by exchange for P3

atoms, Exsminetion of sowe of the activity density/time
eraphs, e.z. Fig.,15-and 23, suggests that this may have
ocourred after aboul twenty to forty hours and result in
the declining steepness of the uptake curves., This may
imply thet although the animal szmples were thoroughly

washed, a ponsiderable fraction of more tightly bound

32

2 , ..
surface P .remalned. Efficient removal of P can be

achieved by washing in dilute nitric acid; this is im-

possitle in a pumber of cases, e.g. leeches, snails,
millipore papers end glass sidewzlls. Also the millipore,
cidewall, macrovhytes and algal fractions have significant
.32 : '
emounts of F”° which has entered chemiczl combinations on
the cell surfaces and this is difficult to remove without
. 4 ; N . .
affectins the more labile P in the cells (Gest and Kamen,
1948, Lamen and Spiegelman 1948, Goldberg et al 1951, Rice,
1953, Knauss and Porter, 1954). Thus for those orgr#nisms
which are not easily sevarated from their skins, one is
otliged to rely on the more or less deceptive values of
,32 . o4 "
P untalke recorded in the early hours of the exneriment,
In a nwaber of cases (Limnaez perveger, Enallaguwa and

32

uot ke into and onto the surface

Dytiscus larvae) P

luyers con be estiwsted,  Uptake onto the shell surfaces

.




of Limnaea exceeded that into the soft body at one hour,
but eventunlly levelled off at approximately twenty-four

3 3 32 s o 3 h)
hours (Fig.12). P~ uptake into the soft body exceeded
thet of the shell after 7.5 hours, and peak activity
densities were reached at about 120 hours. At this point

‘32 1 Fa )
the P°° load in the soft body exceeded that of the shell by
about fourteen times, implying that little more than six per
cent of the total organism load was held inm the shell.
Thus, if one combines the shell and body loads when assessing

32 s . - . :

P°° uptake by Limnaea, one will obtain a decentive picture
of the Muptake" by the snail during the first few hours of
the exveriment.
In the early part of the exveriment (up to 119 hours) a
number of Dytiscus larvse caste their intecuments; these
were recovered and processed in the usual menner. The
resulting activity densities for the two recorded points
are plotted in Fig.18. Integument activitly density was
only marginally higher then thet of the vhole organisu.
The caste integuments wmade up about five per cent of the
total body weight and held about two to three per cent of

. 532 \ - .,
the total body P load, This surgests that only a very

! . 32 . .

emall proportion of the body P load was lost in tne
successive larval moults. Several Enallagma nymohs
emerged during the first 144 hours of the exneriment, these -
were removed and processed in the usval manner. The
activity densities of the emerged nymohs was about a half
to twvo—thirds less then the aquatic nymphs (Fiz.23).

~
£3 3&

This may su-gest that up o fifty oer cent of the P

body load was loegl on ewergence in the cast off integuizent.

1
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A more likely rezson is thst before emergence such forms
reduce or stop feeding comnletsly and therefore reduce their
32, . . . 32
P~ intake, which in turn produces a lower level of P77 in
emerged adulits when co&pared to the level of loading
found in the aquatic aymphs.
Physical adsorption no doubt affected the experiment in
other wayse. Adsorption of phoschste ions onio glassware
and the planic containers and avparatus used in trans-
ferring samples is well known (Parker and Baresom, 1970).
This phenomenon can be controlled by using a non-radioactive
carrier; however, extremely swall emounts of such a phos—
phate carrier can support algal growth and blooms (Rodhe,
1948, Lackereth, 1953). Whittaker (1961) has observed
that very small amounts of cazrrier chosnhate sometines
produced accelerated algal growth in low phosphate aquaria,
which in turn complicated the approach to equilibrium of the
P32 content of_the millipore and sidewall f{rsctions., It
was for this resson that no carrier was used when intro-
ducing tiie tracer into the aqﬁarium.
fmittaker (1961) and Byers (1963) have pointed out that
'experiments «ith indoor aquaria are affected by the
phenomenon of aquarium indivifuality attributable to
minoT varistions in tewpersture, incident light and
nutrient levels. These differences or contrasis between
agusris uwuch exceeded exvectation (Vhittaker, 1961), e.e.
theré were ug to thr-é~fold differences in tiomass and

32

¥ content in sowe of uis community Jractions.

“he tire and facilities at hand only allowed the analysis

s
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32 . .
of P77 wovement in one aquariwa microcosm in this project.
Tne acsence of microcosm replicates does not iwply that
the results obtzined were without real meaning or that

32

valid conclusions on the wovement of P cannot be drawn
frow the results. Tre observed wlake rates etc. are not
put forward es absolute values which will be followel in
the field, or in similar microcosms, but as a measure of
the relative importance of the various steps in the move-
ment of this elesent through fhe gystem.  Thus whiie thé
victure based on the nine sets of sampling points support-
ing one another is not unconvincing,‘it must be remewbered
that the.individual magnitudes given should te intervreted
with the understanding thet uwany of these values firsy
rave a gross or synthetic choracter and even &s suéh lack
real exactitude.

Biological variation in terms of the P32 content of
community fractions end organisms presents annther wajor
oproblem when sampling frou a small system with limited
samoline waterial. - vhittaker (1961) oointe out that

o~

. . 32 R o .
piomase and contents in ihe seme community fraction

L s

czn differ by up to two -fold in different samvles from
the same squarium. He noted tiat dunlicste water and

millipore samoles differed by smzll amounts in some cases

the exwveriment. He attricuted

32

during tre early hours o

this to incownlete mixing and the rapid removal of P
from water nezr the sidewall communities. For this
reason water samnles were rewoved frow the saue central

point in the aouarium at about 5 cm. below the surface.



This value was taken as representative of the water
body as & whole., Uater sawples removed from within
thé maerovhyte mass at one end of the tank during the
early hours of the experiment yielded filter -ater P32
values about fifteen per cent below those of the central
samples, By about ninety-six hours the difference bet—een
the tFo samoles was negligible, The lower value obtained
earlier on was directly attributable to the rapid uptake

32

of P from the water by the macrovhyte (& 4.5 uc by one
s 32 o s 4

hour). As the P levels in the macrophyte approached

equilibrium (53-168 hours) and the process of water wixing

occurred in the macrophyte mass, the diffevence between

the two semple points decreased.

Due to the effects of biologicsl variation, the regularity

32

of sample P~ contents (when plotted against»time) depends

largely on the number of individuals removed per samnle.

4 balance had to be struck between the number of species

individuals removed to nroduce reesonable activity density

curves and the effect of excesguive sawple removed on the

activity density of othexr species, This applies particulaxly

to csrnivores which rely on the herbivore populsation for

o PR 124 : . o

food and their P loading. Table 10b @and Figure 1l0a

zive  the relevant information on tiowsss estiwates and

1]

camwple rewoval over the 1200 hours of the experiment,

In Table 10b -tie column referring to the nercentage biomass
rewoved by 1200 hours includes thonse organisms removed at
1200 hours for the final cawunle and biomses estimatesy in

a number of instances these samnles wadé un a major

ywroonortion T the total biomass repaoved in gawoling.
! :
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Some fractions (Fig.l9, 17, 22 and 23) exhitited con-
solcuously erratic f32 activity densities in the early
houré of the exneriment, —hen considering the general
direction of the activity density granhs as a whole; i.e.

0 to 1200 hours. This was due to a nuwber of variables,
e.c. chence differences in food consumption, the degree

of physical adsorption onto the animals surface, differedce
in feeding rates and behaviour., On fhe whole, as tiue
passed, the viological varistion between individuals of

a species grew less. It was surprising that most of the
graph points based on the activity densities of indivi-
duals (Dytiscus larvae end adults, Gasterosteus adults)
produced reasonable activity density curves. Carnivores
tended to produce more uniform and regular activity

density curves than herbivores, even though larger numbers
of individuals were used when campling most herivore species.
The larger carnivores, e.g. Dytiséus larvae and adults,
Yotonects and Gasterosteus adults, were oresent at low
densities because of their predaceous habits, and therefore
provided only one or two individuals per samoling point.

In an attémpt to estimate the range of biolosical varia-
tion f;und in one species at one time, seventeen Hyphydrus
ovatus individuals were removed at 1200 hours and their
activity densities calculated and plotted up (Fig.25,

Table 12). 4 clear trgnd of increasing activity density
vith increasing weight ves found; this 1is digcussed 1in a
later section.

Durine the cource of the exneriment,; no real climax or

~

o . 532 s s
steady stote of P concentration and movement was rencaed.
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As the stesdy state vas anoroached, the process of
changes the comuunity charazcter and no equilibrium

situztion occurred,



PART TVO,

R ]

P32 UPTAXE AND LOSS EXPSRIMNNTS,




TETRODUCTTON,

These tvo short experiments were concerned with the investigation

of P32

uptake and, more importantly, its loss from tvo species of

aquatic invertebrstes, namely the Calanoid copenod Cyoris sp, and

the caddis fly larva Limnoohilus stigma .

2.1,

Limnonhilus stigma,
Several hundred grams. (wet weight) of the filzmentous
alga Spirogyre were placed,along with thirty Limnophilus,
in an aerated container holding 5.42 litres of vond water,
ls Bl ~ O . r ., 6
On 23rd June 1972 at 12 noon, 1.25 uc (2.75 x 10" c.p.m.)
. 532 - . . .
of P were added. Three to five Limnophilus were removed
at each of the following sempling times: 12.5, 56, 120, 168
and 240 hours, and processed in the usual manner., After
ten days the rewaining Limnophilus were removed, thoroughly
washed in pond water and transferred to a similar container
32
¢

without any P Two to four Limnophilus were removed at

intervals of 24, 120, 216 and 360 hours after trunsfer and
3 £ : : b EN 32
processed as before, in order to ascertain the rate of P
loss when feeding off uncontaminated food in an uncon-—

A

taminated environment. The pond water used wus replaced
every forty-eirht hours in order to flush ouft any P32 ex-
creted into the system by the Limnovhilus. The results
are set out in Yable 26 and Figure 26,

& culture of several hundred Cyvris along with their
naturzl wedia sand associated plankton wes obiained from

& rain vutt near to the laboratory. One litre of culture
vater WQS nlaced in # large beaker; 1o this was added

6 L3
0.5 uc (1.1 x 107 ¢.o.m.) of P7° at 2,90 p.m., 274h June

1972, A% 2.00 n.m, on 1ith July a samnle of fifteen 4o
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trenty individuals was removed and orocessed in the usual
manner., At the szme time the rest of the culture wes re-
moved from the contaminated mediuw with the 3id of sintered
glass funnels and transferréd to an identical but uncontam;
inated culture wedium. This procedure wes repeated daily,
i.e. the Cypris individuals were transferred to a fresh un-
contaminated wedium every day. Samples of up to sixty
individuals were removed at intervals of 44.5, 144, 288

and 480 hours after the original transfer and processed
32 lo

oQ

in the usual wmanner to deterwine the rate of P ge
from a given level of body load when feeding in uncontam-

inated media.  Results are set out in Table 27 and Figure

27.



THEORY,



Rate kouations.

The theoretical basis underlying the czlculation of rate values
is given in Zilversmit et al (1943), hobertson (1957), Foster and
Davis (1958), 'nittaker (1961), Polikaroov (1966) and Polikarnov
et al (1966),
e T2 . . .
The P contents of the vrocessed. samples were expressed in terms
of counts per minute per gram dry weight, i.e. their activity
densities. It was considered thet these units were more easily
comparable when assessing the graphs than the other unit of radio-
_— . s e 10
activity, namely the Curie. One Curie produces 3.7 x 10 counts
per second, in this experiment the quantities of isotope used were
measured in terms of microcuries (u.c.) where 1 uc. produces 2.22
6
x 10" c.p.m.
. . 32 R . .
The degree to which P was concentrated into organisms and
comsunity fractions was expressed in the form of concentration
ratios (Teble 9). A concentration ratio compares the activity
density of an orgenism or comsunity fraction with +fhe activity
. o ey 032, . .
density of vater (from which the P°° is vltimately obtained) 21

the same point in time. Concentration ratios are given by:

C =429
A
W
A = A.D. of the organism or community fraction.
A‘ = A.D. of the water.
i

411 concestration ratios were based on the rotio of the activity

density of sn organism/eommunity fraction in oep.m./gm.(dry

-

weight) to the activity density of water in oﬁp,m./ml. Two

concentreticn retios are given ip Table 9, one is the concentra-

o)

tion retio &t the waximum recorded sctivity density znd the other
ig the raxiowe concentration ro vio recorded during tne time of tle

experiwent.
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. o 32 - .

Tie rates of P uptake by organiscms and comrunity fractions
formed an importsnt oert of this work and were expressed in
.several weyg. The gross upteke or transfer rates (rl) exoress

S y 32 . o . .

tie proportion of P 10 one coununity fraction or species

moving into another community frzction or species per unit time.
For example, at zero hours 39,06 uc. were introduced into the
agarium water. After one hour saupling data showed that 20.30
uc. had moved into the millipore fraction suspended in the water.
m 5 - - 32 £ - - 43 s s £ LR
The transfer rate (r,) of P~ from water to the millinore fraction

is given by 20.30 or .52 per hour.

39.06

That is, over half {the P” introduced moved into the millipore

fraction in the first hour of the experiment. A11l of the T

values set out in Table 10a were bzsed on data obtained during

32
the early hours of the experiment, vhen the turnover loss of P
was minimal.  Transfer rates are useful vhen examining the move-

32

ment of P77 in the ecosystem as & whole. Comparison of the
relative rates of uptake of different species and community frac—.
tlons can be expressed in terms of activily density. The activity

untake rate (rg) icezeures the rate of incresse of activity density

32

in uc., of P taken up per hour over gram dry weisht. Thusg, if
SIS : 5 3ol b

32
. . S Fad .
in the first hour 20.33 vc. of P~ moves into 2.20 gram

[

dry

welght of the willipore fraction, r, is given by 20.33 or 9.23 uc/
£ T
2 .20
gram/hour.
.32

Tiie movement of 7 Trow water to organisas and back to ~ater can

be very ranid. In the cuse of the folloing community fractions,

1 1

mwillioore, gless side-=lls, Cellitriche and Snirogyra, the chunge

e
4

of P77 content vith tine was a2ffected almost frow the besinning

ST o tie vater., It wus for this reason that trunsfer
: 32
rotes and activity uotele votes . o1e deterwined from the T
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content of thece orgfani:

B

e
S &f U<

Ui
{

¥ one hour Lad elapsed.

32

Loss or turnover rztes (14) viz excretion i.e. metabolic 7y

were expressed as Iractions of P7  leaving an organism Or

community fraction per hour. Turnover rates have teen deter-

mined on the sssumption that these must balance uplake rates at
32

the maxigum or equilibrium levels of P content.

Thus, when the rate of change of the activity density is zeroy

Ah =0

#

then r2

here r. = »
u15 AXI/@

.
p)

. 0 r4 —15.
A

r. = activity loss rate (uc/
gram/hour)

A\ |

A = activity density (uc/gram)

r, = activity uptake rate
i
(uc/gram/hour) .

The concept of turnover is aweful one for comparingz the exchange
rates beteen different components of an ecosystem, In terms of

exchanges after eouilibrium has been estsblished, tbe turnover

rste is tne fraction of the total amount of a substance in a com-

N
'

sonent which is velessed (or vhich enters) in a given time soan. .

The turnover tliee is the reclor

Ia)
£

91 of this value, i.,e, the tiume

S
<

)

P
P

required to reslace z quzntity of substonce equal to the total
1 8 ) J a

gmount in the nool.

=
=
jor
c
7y
!
fi

¥ T = turnover tiwme.
A1l 7. =nd T, values cileulated in ilis exneviwent -ere based
; 4

on the oririnal tio.mss estinzies ol solking.

«



RESULTS,



PART ONE,

THE AQUARIUE MICROCOSH,




1. General Hotes.



Yhe rate patterns set out in Fipupee 10b end 10c were

iy

determined from the initial beriod gross rates which were,
Gespite their limit:tions, Lot directly subject to accurate
neasurement. These rate patterns exoress the rapid P32
transfer movementsroccurrihg du:ing tne first few hours of
the éxperiment tetween the various living and non living
community fractions involved, With the aid of certain
rate equations and digital computer analysis (VWhittaker,
1961, p.183) it is possible to deterwmine the charging
picture of rate values at various pointg in time as the
experiment progresses, i.e. assess the effect of ageing

and community development on P32 transfer movements between
comiunity fractions, In this particular exveriment there
vas neither the time nor facilities to carry this out
effectively and as a result only the rapid initial rste
‘patterns are prezented,

Gross uptake rates and transfer rates were comniled for
every coummunity fraction thuet was readily measurable.

The eccuracy of the gross uptake rate values depends
largely upon tne accuracy with which the trophic positions
and feeding habits of the various species are known.  The
trophic positions were generally easily recognised, but

the Tiner voints of feeding relationships were in several

=t

casez dit'ficult to observe, e.g. Sialis Larvae, Planaria,
Leptocerus, Ldwnonhilus stigma and Limnophilus xanthodes.
The major sources of P in wost coses were determined Dby

Bt

rene. ted obeervs visas durine the cxnerimental neriod.,
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Althoush the wajor sources could be identified fairly
accurately, the relative importénoebof the sources in
con%ributing'to the gross uptake rate of the svecies
concerned vas imcossible ¢o determine. For example, if

a cazrnivore feeds off three major prey species there was
no way (considering the limitations of this experiment)

of determining their relative importance in the diet or

as P32 sources., In view of thiese and other uncertainties
no attempt was made to draw up a rate pattern diagram in-
volving all the fractions and species sampled. Instead,

2 .
3 transfer between the major

a siwplified diegram of P
compunity fractions (water, plants, carnivores, herbivores,
detritivores and nud) waé drawn up (Fig,10b). Figuré 10c
sets out those rate patterns foi which.the feeding relation-
ships were felt 1o Dbe reasonably accurztely known,

It must be noted that the r, values calculated for the
}herbivore and carnivore fractions in Fig.lOb were derived

by determininé the uptake in uc/hre of the whole fraction,
i.e, all species of these groups and assuming tha® this was
taken from the total P32 pool available’in the preceding
trophic layer. This produces a slightly different picture
vhen counared to the one obtained by using the more specific
ford chain cGata.

There were a number of pathvays which could not be measured
directly or even estimatedé these are included in Fia.lOb;
but no rate velues were assirned to them, e.7. bacteria sad

fungi feeders in the uud, olirocheetes, nematodes and
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I

A number of commnity fractions, e,g, millivore, sidewalls,

are composed of several types of orgsnisms (bacteria, algae)

and couwponents (colloids, detritus, particles) each having

different rate values and vatterns but producing an oversll

rate pattern into the community fraction as a whole., In

this sense, such rate patterns and values expressed for

these fractions can be considered somewhat "synthetic".

My <] : . . 32

"he following section refers to general notes on P”° sources

and food chain observations:

- 32 .. . . \

he P77 dissolved in the aquarium water wes the only

source for the producer trophic levels (millipore fraction,

gidewalls, Spirogyra and Callitriche) and the Ty values

(gross uptake or transfer rates) calculated for this level

can be expected to have a good degree of accuracy.

\ . sy — . 32

The feeding Labits and therefore the wajor P~ sources for

the herbivore species were in most cases easily determined,
! . L . 32 o

both by observation and later analysis of the P~ activity

density grapne. For instance, the three caddis species,

Limnophilus stigma, Limnophilus xanthodes and Leptocerus sp.

were observed to exhibit different behaviour natterns with

regerd to feeding. Lestisea was larsely confined to

moving amongst the bottom ooze znd pud; this observation

along with inforuwstion from various texts lahels the

organism as & detritivore feeding off large piecesof

orsanic detritus. The closely related L.xanthodes

rarvely zppesred on the bottom wud and was invariably

founo feeding awonsst the Callitriche stems or near the

sorface (it is a very ective swimmer —ith a wuch lichter
case than bL.stiswa). Thus on ohservatinn alone the t-o

arecien ancerred 1n exiibit clesr cut fee
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tms differeace shows up in the activity density graphs
Pie.15), For example, L.xzuthodes had a wuch hicher
i H £

R R T N T 3o} SOV 3. 4
activity uptake rate (0.0188 uc/gram/uaur as oonposed to
the 0.00175 uc/gram/hour of L.stigmz) and reached a
hisher maximum activity dénsity (0.60 uc/gram as againsy
0.45 ue/gram for L.stigwa). L.xanthodes also rezched i+s
peak activity density esrlier on (512 hour) than did L.
stigma, (864 hour). This date suocorts the original ob-
servation, i.e. L.xanthodes wug feeding off green vlant
tiseue with a high activity density (0.25 uc/gram at 96
hours) and consequently has a faster uptake to higher
levels than L.stigma which was feeding off dead material
with a low activity density. Another related fact is
the decline in zctivity density of L.xanthodes after 812
hours due to the declining P77 levels of its food
Callitriche, while L.stigms's activity density carries on

risinge to the last messurement at 864 hours 2s an increas-

. . 502 \ :
ing »roportion of the free P77 in {he system moves down:ard

in the form of dead tissue to the mud;
itie remaining caddis species Leplocerus was observed either
atlocned to the aquariuw sides or moving over the wmud.
Their activity density curves vere very similer to those
of Limnophilus stigma despite the large varistion in weight,
This species was assumed to feed primarily on the sidewall
fruction, thnﬁqh the foriu of the curve suggests thet it nay
have heen feediag off detrilus rather than living plant

.

tizeue, i.e. tie curve csrries on increzsing up to the

laot recorded wmensurewent ui 1200 hours (Fis.l9H).
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The other uwajor detritivore Corixa sp. feeds primsrily

on the nzscent ooze nroduced mz=inly by the millinore und
sidewall fractions, The ecross uptake rate for 1this
species was calculated on the assuwption (not unjustified
in view of the activity density curve shavpe) that it took
its P32 directly from the settling dead plankton and
bacteria of the millivore fraction, rather than from the
"sediment' .

The feeding habite and majoer32 sources of several carnivore
species, e.g. Dytiscus larvae =nd adults, Hotonecta, Agabus
znd Gerris w—ere fairly uniform and easily determined.
Others, e.g. Erpotdella (leech), Sialis larvae, Polycelis
(planzrian) and Nepa, were harder to ascertain. Polycelis
was never seen feediﬁg but ras found with regularity in
.empty Leptocerus cases or with partially eaten Leptocerids,
It was probably a general scavenger (it is usually quoted
as taking swall invertebrates especially olirochaetes),
though lleynoldson has pointed out that its diet varies con-
siderably with the availability of food sources.

"he 2ross uptake rates culculated for Gasterosteus adults
and fry, Enallzgma nymohs snd Hyohydrus beetles were based

on the results of feeding on the larze Dephnia povnulations

nresent in the first week of fthe exwnerimsnt, thoush chznges

of diet nrobzbly occurred after these nonrulatinns declined,

e.o. Uasterosteus switciied to bottowm feeding.

)
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Hotes -~ Fieure 10b,

. e i e ' . 32 .
Fipure 10b illusir tes the wajor nathrays of P cycline
in the aoguszrium microcosm nnd the transfer rates (rl)
between different community fractions. The decimal
fractions represent the proportion of P in one community
fraction moving into another coimpunity fraction ner hour.
The basic system is one of wovement between the vater,
plants, herbivores, carnivores and between the sediment -
detritus complex and the detritivores, fhere are return
pathways to the dissolved stste via direct exchange (plants)
and excretion (animals), solid faeces is assumed %o move
downwards to the wud along with the products of death and

- 32 ) . . .
decay. fhe P7" movement into the mud is cowvlex, in-
volving several oathways and nrocesses, e.,g. death and
decay, Taeces, untake by the biologiczl component from

32

the water, and verhaps chelation of free P”° with the

inorganic mud compounds. Other vossible pathways.are
included, namely that of the algae-bacteria feeders
present in the nud in unknown quantities and vith un-
estimated r, and T, values (ngmatodes, oligochaetes
chironowids).

ine valués given for ihe following fractions (plants,
herbtivores and curnivores) were czlculated in the follow-

ing manner., In geneval the Ty values were calculated on

3
e
o

bosis of figures obtained durineg tiie eurly hours of

p32

tae experiment., untake via the olant frsction
(nillinare frastion), sidecall #leae, Spirosyra end Callitriche)
P

. . } - 2 .
“as bused on the one hour fivures., The P77 weld by this

ponrl after one hour vas nesrly eishty

D

shike introduced at zero I wrs, this sives an Ty value oi W79

e

& P —————— o= yo—ar s e g -+ -



From this pool the next sien woves iuto the herbivore
32 ‘

population, Since the P content of the plunt pool
after one hour was known (31 vc), the Ty value into the
herbvivore level could be caiculated., o calculate the
~32 . . L e L .

P”7 moving into the fraction the T, values and biomass
figures (for all the individual species) were multiplied
together and summed, This figure when expressed as a

32

proportion of the F~ held in the plant pool gives an

Ty value of .04, 'The Ty value bhetween the herbivore and
carnivore level was calculated in the same way giving a
vslue of .017. Inclvded with the herbivore figures in
this caleculation were the detritivore Tigures, which ob-
U 1~ :
tained tieir P~ from the organic sediment~detritus

complex.

RKeturn rates for these fraciions were calculated from the

93]

r, values givenin Tabkle 10a u

4 ing the following, r, x bio-

2

mass X r4 = uc lost per hour irown the pool, This cal~
culation was carried out with each species snd the results
summed and expressed as a proportion of the total ponl.

The loss rates from the herbivore, carnivore‘end detritivore
vools are given, along with the loss rate from the three

fractions treated as one laree pool (.28). Waturally,

tuis firure »ill be closest to the 1

argest fraction con-

tributing to the pool, in this cése 1t was the herbivore
pool with & loss rate of e295

The detritivore uptake frow the sediument-detritus pool
was colculated on the basis tic.t Corixe wae utilising a

proportion ol the total willioore and sidevall comvunity,



and that Limnophilus stigma was utilising P
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32

held in

the larger pieces of detritus, which was estimated at ten

, 32 L ‘
per cent of the P~ found in the wmud layer.

. 32 . . . ; . N
ihe total P77 moving into the wmud fraction during the

experiment came frow a variety of sources; the scheme

set out in Fig.l0b was arrived at on the basis of ex-

perimental observation and references in the literature

on fresh wzter bodies and the relation of phnosphate circula-

tion to mud components.,

1.2.1'

1.2.2.

Settline sediment -~ largely comnosed of dead
millipore and sidewall fractions, along with the
faeces of the herbivore, carnivore, and detritivore
levels, This was a directly wmeasurable quantity
(Table 8, Figs.5 and 8) and its value was esti-
mated at three poihtg during the experiment. All
of this quantity was assumed to move into the in-
organic 1ud layer, i.e. the aquarium bottom, i.e.
its ¥ value was equal to 1,

Biological uptake -~ via mud organisms from the
filter woter, e.g. bty bacteria, algae, diatoms and
fungii. There may well have been sowme combination
of P32 into inorganic chelating complexes
sssociated with this upteke in the exrly hours of
the experiment, For this reason the path leading
from tae water (Pig.l0b) to the algae -
fungii tox of the mud layer also included a path
to the inorganic wu froction. Howevar, it is
thouszit thut chelalion played a minor role in this

uptake nd thet ozt of it was blologicrl.
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Desth snd decay of animals and the larger plant
soecies,

The contribution to the mud P32 pnol via the
sediment wzs estiméted on the bzsis of the first
available figsures, i.e. 168 hours. This figure
only nrovides an average rate of P32 sedimentation
over the seven days. The T, value in Table 10a was
calculated by extrarolating the sediment activity
density curve (Figz.5) back to one hour. This
value one would expect to be the veak activity
density of the sediment, since its main component
(millipore fraction) reaches its peak activity
density values at one hour and then declines.
Using the above sediment information the amount
settling into the wud over the first 7.5 hours
was estimated at .35 ue. At this tiwe there
were 5H.44 ﬁc of P32 held in the mud (includes

the deficit fisures). There thus remains 5.09 uc
(5.44 - .35) in the wud vhich it is assumed arrived
via biological and physical means (see 2 sbove).
This gives.a fisure of about .67 uc/hour entering
the wud by meinly bilological processes. This was
removed from the 39.06 uc pool at zero hours in

the water thus the r] value can be calculated as

32
> el i . . _
Phe awrunt of P contrivuvted to the sediment and

wud bty {azeces duriang the first 7.9 hours will be
neslicivle, since 11 t:kes several nours for

. s . L » ]
digestion and olso ceneral P distribution throurn

the animul vorulutions, i.e. un the food chain.
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—_ . RN A - .
The movenent of T~ from the millioore fraction,

sidewz1l fraction and faeces via the sediment 1o

the mud vwas estimated in the following manner,

) . \ 6

Tn the first seven days 7.81 uc (17.34 x 107 c.p.m.)
moved to the sediment and thence to the mud surface.
This gives an average rate of .046 uc/hour over

the whole period, - This was removed from a pool
estimated at 22.24 uc. at one'hour, giving an

estimated 1, value of .0021f ,046 \from the above

1 22424

pool to the sediment.

" . 32 . X .
The vrocess of P~ movement into the mud fraction
via the death and decay of the plani species

- Czllitriche and Spirogyra and the herbivores,
carnivores and detritivores ves estimeted on the
basis of dacta obteined during the first fifty-
three hours of the exneriment. During this

32

period the P~ content of the mud vlus the deficiﬁ
increased by 9.76 uc, the sediment contributed an
estimated 2.44 uc of this. This gives a Tigure
of 7.32 uc which it is assumed was derived fronm

the processes of biological uptake and the death

and Cecay mentioned ahov

D

. The amount taken up

by biological orocegses during the period was

estivzted at 5.1 uc, it is assumed here that the

content of the bLottom algae nnd bacteria had

v since the estiwmate cal-

.

noi chanced avcrecistl

culsted at 7.5 hours, This is bsged on the ract

o -

that the gidevsall cnd voftom a froetions behave
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in & similer manner, i.e. reached an early
39

veak P°° content, vhich remained fairly constant
for about one hundred hours (see Table 1 sidewsll

zlgae data)., This fact was besed upon Jhittaker's

re

n

ults in his aquarium experivents., The figure
given is not meant to be taken as absolutely
accurate but only {o give an indication of the
right order of the vzlue. Subtracting the t@o
figures (7.32 - 5.1) gives an estimated 2,22 uc
moving into the mud via death and decay in the
first fifty-three hours. This gives an average
rate of 0.04 uc/hour moving into the nud via this
route. This was moving from a pool with a size
of 10.84 uc at one bhour, givine aﬁ ry value of
.0037.,
The data pertaining to movement into the mud as a
whole (Table 10a) wzs based upon tre data up to
Tifty-three hours. 10,3 uc had woved into the
mud during this period giving an uptake rate of
1G4 uc/hour. This was removed from a pool of
39.06 uc at zero hours giving an estimated Ty
value of ,005. 'The r, value m2s czlculated at
1.6 x 10"5 uc/rrai/nour, this w:s celculeted on
the basis of the nud veight of 12 kg, The maxi-
wum activity denzity —es of course recorded at
1200 Lovrs, giving a vslue of ,003 uc/gram,
Turnover rote wrs cflculated as usual :nd a value

o
L

L0053 obizined, tuis gives o turnover time of

Q

180 hours.
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1 - PSR s |
Biopass Fyrawid,

The tolal eslinsted Liowass at zero houre is set out

in Figure 10a, along with the production pyrawid, Thé
top czrnivores consisted of Dytiscus larvae and adults
(.98 grams), the figure for primary carnivores (3.61
grams) included the Tydracarina (water mites), detritivores
(2.32 grams) were represented by Corixa and Limnophilus
stigma and the herbivore levelr(Cl) iholﬁdes the remaining
herbivores nlus the estimated biomass of the Liwmnea &nd
Planorbis (mollusc) eggs along with the Daphnia.

Holluscan egg bigmass was estimated azs ten times‘the
weight removed by sampling during the experiment . The
producer level consisted of callitriche (37.6 grams),
Spirogyra (10.0 grams) plus the sidewall (.625 grams)

and millipore fractions (2.2 grams), this gave a total
producer bidmassvof 50.425 grams., To this firure wss
added the estimated weight of the bottom algae (:ﬂ: o2
gfams) giving a figure of 50.625 grams or 51.0 grams to
the nesrest vhole number. Bottom slgae biomass was
estimeted on the basis of its area,which was r-ughly a
tihixd th=t of the siderzl1l frection, miving s biomass of

.

one third of the

=

{2

idewall fraction which would be roughly

in the right order of values, thourh "hittaker's (1961)

(33 e 2w -~ ES
Tipures are t

&}
e
-
=
V]
[0}
[~ d

w0 to thres tiwes larger 11y, many
siwall damsel fly nymphs were vresent, but never sampled,
their estimnted blowass wes approxivately (,22 srams), this

velght was added to thet of the larger nymohs (Enallagma)

vnich were samnled and it was assumed (for the wurncses of
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transfer rate computations) that the two sizes of nymph
\ o o ' 32

beliaved in the same way towsrds P~ .

The wain sources of error in this pyrawid was that produc-

tion incre. ses between weiphing and zero hours could not

be estimated.



2. Tracer Results.
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32 .. s . . - .
P fistritution natterns tetween the community fractions

of the aquariuww mlcrocosn.

32

~

Figures 1 and 2 illustrate the changing vatterns of P
distribution with tiwe in tne aguariuvm microcosm. A
major feature of this pattern was the very raplid movenents
occurring in the first few hours (0-22) of the experiment.

32

A very rapid movement of P~ from the water to the millicore
fraction occurred in the first hour (Fig.3). _ithin one
hour, fifty-two per cent of the total P32 introduced had
been concentrated into this fraction, This type of rapid

P32

movement into suspended plankton i¢ a universal feature
in most tracer studies both in the laboratory and field /
(Coffin et al 1947, Hayes et al, 1952, 1954, kigler, 1956,

Whittaker, 1961).  Soon after the bne hour peak was reached

the P32 content of the millipore fraction began to decline

(along with that of the filtered water) as P32 in the water

began moving into other comnunity fractions in increasing
amounts, e.g. Czllitriche, Spirogyra and the sidewall
fraction., Although these fractions had lower asctivity
uptake rates (rz) than the millipore fraction, they
ultimately removed a major proportion of the introduced

32 . , . "y
F from the vater after about fifty-three hours (forty-

. e 32 N . o :
nine per cent). The P” contents of these frections were
due to the compound result of repid uptake and loss pro-

cesses, So althoush the wmillipore frsction takes up

2 2l

[

32 - : : . ,
P°7 very rupidly, it also loses P -at aconsiderable rate
(r4 = 1). The other pluat frsctions involved have lower
uptuake rates and zlso lover turnover loss rates, they

X

. nI2 - . P
therefore accumulate P77 zlowly, but return it o the



water at an even slower rate, the nett result being a
, . 32 :

eradual accumulation of free P77 from the water and out
of circulation.  Since the millipore fraction was losing

32 . o e e s
P”" almost as fast as it took it up, the accumulation nro-
cesses of the other plants gredually removed an increasing

. . 32 . .
proportion nf the free P and this resulted in the
. 32 PR A o .

declining P content of the millipore fraction and the

¢

filter water fraction, from one hour onwards. .
U3 . .
The P content of the animal fraction avnroached its
peak slightly later on at about seventy-two hours., This
wis to be expected since it will take some time for
. 32
aopreciable amounts of P” 1o wove from the water and up
“the food chain into the animal fraction,
" . X : 32
When compared to the other community fractions, the P
content of the mud incresses slowly at first (one per
cent at one hour) and then more rapidly (fourteen per cent
at seven hours, tfenty-two per cent at twenty-two hours,
forty~eight per cent at seventy-tvo hours)until at about
one hundred hours it holds over fifty per cent of the
32 . N
total F introduced into the systen. The funaamental
importance of mud as a ohosphate "sink" in natural fresh
vater ecosystems was illustreted by the fact that at
s . . 32
1200 hours ninety-six ver cent of the original P wa s
held here.
s s ) e 132 . .
After about one hundred hours fthe P contents of all

community fractions excent the wmud, began to decline as

verious processes, i.e. grazing, dezth, deczy and preda-
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. 2 . )

The P3 content of the sediment began to decline after

few hours of the experiment (Fig.5) presumably

S . 32 ——

content of its major P~ source (the millipore
fraction) declined in activity, after the initial one hour

neak. Although sediment activity density and its raie of
sedimentation (grams/hour and c,p.m./hour) Cecreases as the

. ; . 32
experiment progresses (Table 8), the quantity of P

accunulated in the mud by sedimentation processes incressed

. /

steadily through the experiment, e.g. 7.9 uc after seven

days, 16 uc after thirty-six days end 18.4 uc after fifty

days, After fifty days about forty-six per cent of the

32

total P introduced had accunulated in the mud via sedi-

mentation processes and this accounted for over half the

2
P3h

found in the mud at the end of the experiment. These
ficures illustrate the importsnce of phosphorous sediménta~
tion rates in aquatic systems as opnosed to the other routes
of uptake by bottom algae, bacteria, ionic combination,
crecivitztion of inorganic solids and other sediment §0UTCes,
e.g. "macro" sediment of shells, bodies, cases and larger
vegetable debris,

‘'he rates and routes of P32 movewent through this systen
present a different picture to that provided by “hittaker's
experiments (1961). Lillipore fraction gross uptake

rates (rl) were two tines higher>than any value recorded

by Whitteker in his exnerimeﬁts. Fig "plankton" slso ex—

Libited activity density peaks at a later tiwe (12-24 hours),

c o . 1 . . o . - Y

ATter tenty-four hours (in his olicotronhic aguaria) sowe
. s ~a + B 1 " : : ~n32 . 3 3 :
tiirty two rer ceat of the orimiasl ] introduced remained



in the acueous phase, as ovnosed tq zbout two ver cent
in this exneriment. These differences were primarily
.dué to the nresence of (allitriche and Spirogyra in th
tank and draws attention to the imnortance of such frac-

. . 32 . .
tions as loci of F concentration under certain field
situations, an observation also noted by Coffin et al
(1949) in their experiments in an scid bog lake in Hova
Scotia.
%hile the gTross uptake rates_of the willipore fréction
exceeded those of Whittaker's by a large margin, the
activity uptake rate was considerably lower than in his
aquaria, (about seven times). This is directly
attributable to the hisher biomass of the susvended fraction
in this system (about twenty times higher than Whittaker's
averages ),
The sidewall fraction in this experiment contained a much
smaller proportion o the total P32 available in the sjstém
when compared with Whittaker's results at pes kK activity
densities, In Vhittsker's tanks, the sidevall fractions

o o

held between twenty-five and Tifiy~five per cent of the

. . 32 . . N .
total available P in the system at peak levels. In
this experiwent e sidewall fraction never held wore than

n¥a
. . =32 -
six per cent of the totsl P available,

.

The aniual fraction held a wmaximua of {iiteen mer cent of

J—’

toe total P77 by ninety-four hours, thisdeclined to atout

[0

Tter 1200 hours.
content of the botton algae, bacteria
wicroorgenisias wie vut at 5,09 we 2t 7.5 hours, This

exceeded the gide all content of 1.92 ue by tvo snd & half

[$i]
O
[n
-
)

,\

times, ihie svseests thnt the surfsce area availshle
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¢ s wany times larger than the sidevell aresz.
bXs

. , . . ~32 . . .
he percentage distributiocns of P77 in this aquarium

vith time, parallels a number of observations wade in

k) 3 =3 '32 L q e 7 1.2 -
Jake and pond P~° tracer studies (Einsele, 1946, Hutchinson
end Bowen, 1947, 1950, Orr, 1947, Smith, 1948, Coffin et al,
1949, 1949).
3

y . , 2 .
2,1.1. 'he rapid departure of P~ from the water, this
was at first very rapid and later on became in-
cressingly slower until en aporoximate water/

32

"golids" equilibrium of P”~ transfer was reached.

32

This removal of P7° wis not a log curve of con=-
stant fractions removed cer unit time, but the
rezult of two way transfer and exchzwge between
the water and solids as in the lake data analysed
by Hayes et al (1952).

2.,1.2. 'The manner of removal and transfer, i,e,, from
water to plants, thence to animals and finally
via the sediment to the mud, also corresponded
to the general pattern observed in lakes,

2.1 .3, The importunce of the large masses of macrophytes,
found under certsin field conditions, in the con-

29
centration and retention of P”° from the aqueous
ohzse (Coffin et al, 1949).

2.1.4. The fixation of 2 major gsrt of the P32 in the
system in the largely'inacoessihle tenthic
resions and mﬁd, its relesse in res»n~nse to

chencing aquarium conditions (i.e, ageing) and

its effects on community oroductivity.
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Pinally, “hittakxer (1954) csrried out 2 number

of exneriwents in acueria fertilised zt different

PO4~ lovels from 05 to .52 p.p.m. Fe found that
) P .32

the fastest and most effective rewmoval of P

from the =ater occurred in low phosphate aguaria
# o b

these also produced the highest concentration

. 32 . .
ratios of P”~ found in any scuzria. The rate
. 32 ‘ “ . )
of P removal &nd the concentration ratios re~

corded in this experiment suggest (on the basis of
Whittzker's observatinns) th-t this was an
aquarium in which low levels of dissolved phos-
phates occurred. His observations suggest thet
tnre addition of PO4~ to water bodies up to un-
naturzlly high levels may orovide a useful method

32 . . .
of P radiocontaminatiosn control.



2.2,

2.2.1.

2.2.2.

2.2.3.

Livity Density

Al
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urves .,

‘sat of the griohs exhibited a number of comunon features,

i streicht line iuncrexse with time towards the
eguilibrium levels (for some reason this was more

v carnivore than herbivore species).

clearly shown by
The rate of incresse slowed down as the maximum
activity density levels were approached and finally
reached.
This was followed by 2 decline in'activity density
in response to the declining P32 contents of the
food and water,
In a few cases, e.g. .Bnallagme znd the three caddis
larvae species, there wss a marked convexity after
about one hundred hours where the activity uptake
rate declined to a lower but more uniform level.
This may have been due to the effects of physicul
uptake during the early hours of the experiment,
chanczes in the tyoe of food taken or sample in-
accuracy.
It was expected that the curves would eihibit
an initial econczvity in shépe due to the ftime laz
32
for P°° labellsd tissue to nass up the food chains.
This apnears to have been obscured by the effects
of physiczl uotake in ihe ecrly hours of the ex-
periments orocducing a straicht line activity
density incrense.  The only snecies for whicu e
msrked concavity in the curve was recorded vas

32

the leech Broobiella (FMieg.24). P~ was first



detected in this species after 119 hours of
exposure, a ratier marked time lagy pechaps due
to ite location in the wud layers,
Wotonecta individusls exhitited a surprisingly
low peak activity density (.15 uc/gram) when
one considers that they are usually regarded as
one of the most predacious insect species found
in fresh water ponds. The water mites (Hydra-
carina), sampled throughout the exvperiment,
initially reached a peak activity density of .027
uc/gram after one hour (Fig.21). By about sixty
* I 32 N bl
hours all this P°° appears to have been lost and
v R Y- ")
probably represents the P7  initially adsorbed
onto the animals carapace end which was later
exchanged back to the water for non radioactive
3 . 232 4
P atoms as the aqueous levels of P Geclined.
This group was regularly sawpled in sigeable
numbers (up to fifteen individuals) during the
whole of the experiment, yet at no time after

32

sixty hours were measurable amounts of P

»]

detected. This fact suggest

0]

that they —ere

{

not feeding, since it was impossible for them
to feed off a non-labelled food or substance in
the tank, as all surfaces zad organisus living
or Gead had P on or within themselves, Water
wites sre vsually referred 4o in the literature

as znanlanktnon predators, but would not anpenr

to te on the busis of the results obtained in
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this experiment. ¥ither their normal food
supoly was not included in the tank (which

3

seems doubtful), or the sdults feed very in-
frequently if at all during the spring and summer.
Davis and Cooper (1951) in their study on the
‘effect of Hanford effluent unon tie aqustic in-
vertebrates of the Columbia Kiver found a definite
. 32 . .
accumulation of P by water mltes, which suggests
thet a sviteble fond supply was not avsilable in
the tank although zooplahkton vere present in
varying amountsithroughout the experiment,
There was a definite contrast between1he:éctivity
density curveé of the two mollusc species Limnea
péreger and Planorbis albus (Fig.l2 and 16).
Limnea achieved hirher peak levels of activity
density, .68 uc/gram (Body and Shell), as opposed
to .32 uc/gram for Planorbis. Limnea's activity
uptake rate wes about two times higher (.0081 ue/
gram/hour) than Planoxbis (.0037 uc/eram/hour) and
it also reached peak levels at an esrlier time
(LimneaIIZO bﬂurs; Planorbis 200-250 hours). The
activity density decline of ?1anorbis anpeared 10
te faster than that of Limnes. 3ince Planoruis
had a smaller loss rate (.011) then Limnes (.013),
it would he expected (if

on the same T anurreg) far Limnea to decline in

S

4

activity densit

o

at a faster rote. 3ince

Planorhis in
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rate, this fact zlong with the others mentioned,
suggests tﬁat altﬁough thebtwo species appeared
~to feed off the suue food sources (Callitriche and
the sidewall fractinn), that they were probably
feeding off different components in these frac-—
tions, e.,g. Limnea may have been feeding‘off
Callitriche tissue, while Planorbis micht have
been feeding on the attached.periphyton layer.
The sidewall fraction was known to consist of

32 at different

several parts, which take up P
rates and achieve different activity density

. L . g . 2 .
maximums at different times, and these tvwio species
may also have been feeding off different sidewall
components.,  This illustrates the nossible use
of radiotracers in the separation of feeding niches
and habits in two related species,.
Finally, Gasterosteus (Stickleback) adults and
fry exhibit a number of contrasts in their P~°
uptake, The rates of uptake in the two forms
were about the swie (Fry ,0197 uc/gram/honr,
Adult ,01836_uc/gram/hour). dowever, the adult
activity density curve levels off at zbout fifty
v s U I . 32
houre, while the fry czrries on accumulating P
until about 160 hours. Tne fry reached a peak
activity density of 3.54 uc/gram as onpoged to a
velue of 2.50 uc/rram Tor acults. 4 number of
posgivle exnlanations for this are vut forvard

I o
nelow,



w 0]

A switch in food supplies by the adult after

fifty hours, or the fry were utili=singe more of
o 3 >

20
-7
the P°°

. 2 . ;
this P3 for longer veriods. Adult growth was

taken up in tissue tuilding snd holding

obviously slower, along with its metabolic rate
i 32 . '
and less assimilated P” msy be laid down and
. . . 32
held in nev tissues, i.e., F”~ uptake rates are
the szme, but the fry holds wore of this for a
longer period in the body. The adult may also

have a larger pool of labile P04 which is excreted

relatively quickly.
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Hate Values.

The highest activity uptake retes (r2 value) occurred in
the following fractions and in the organisms feeding
directly off them (Table 10a), Liillipore fraction

(9.23 uc/gram/hour), sidewall frsction (1.14 uc/gram/hour),

Spirogyra (.5207 uc/gram/hour), Callitriche (.1186 uc/gram/

hour), Daphnia (via millipore fraction) (.3909 uc/gram/

hour),‘Ranaitadpoles (via the sidewzll fraction and
Callitriche)(.7704 uc/gram/hour), Gasterosteus adults (vié
Daphnia)(.0184 uc/gram/hour) and fry (.0197 uc/gram/hour).
Carnivores generally had lower activity uptake rates than
most herbivores, their 1bss rates, however, were much
smaller ahd‘consequently their tﬁrnover times were longer.
As a result the time it took tﬁem to reach peak activity
densities was on average only slightly longer than for

the herbivore species, In most cases carnivore P32 con-
tents declined at a slower rafe due to their lower exe
cretion rates and longer turnover times (Figs, 11-24).
There seemed to be no clear cut relationéhip corrélating
the magnitude of the uptake rate, the maximum activity
density 9chieved, the turnover rate znd the turnover time
to Size.as Tnittaker (1961) has stated. Activity nptake
rates appexred to depend oriwarily on the P32 content of
the food eaten, i.e. on food chailn or trophic level
relationships. In one cuse involving three beetle snecies,

o

Whitteker's relationship holds, In order of imcressing

r

sige these were [yphydrus, 4g

abug and Dytiscus adults,
e dollovwing onints hold s

2.3.1. As the individual size increases its r, value

decrenses,



2.3.2. “he turnover loss rate v, incresgses with de-

4

creasing individual size, i,e. smaller species
. 32

lose their P at s faster rate.

2.3.3. kg a result of (2) the turnover time increases
with soecies gize,

2.3.4. The maximum activity density decreases as
individual size increases,
Other closely related specieé, e.g. the caddis
larvee Limnovihilus stigua, Limnophilus xanthodes
and Leptocerus, showed no such size dependent
relationships. Whittaker (1961) in kis
artificial outdoor pond experiment implied that
there was an inverse relctionshiv of the type
stated for the three beetle species which held
fér all aquatic invertebrates. He says this
relationshiv results from the faster growth and
higher metatolic turnover in smaller organisms‘
along =ith troohic level relationshions, i.e. P32

content of fcod sources, Fis conclusions were

based on data for seven snecies of consumers {two

nerbivores an¢ five carnivores) and in view of the

simall number of gpecies he examined, along with

the results of this experiwen
feasitle to wrake such generazlisations about uptake
and sige relatisnshive until more detailed work is

carried out under na
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lizate Pattsrns,

The complex patterns of movements and rztes of movement

of P32

through the various fractions of the aquarium
microcosm can be expressed in the form of rate m tterns.
These sre the primary factors determwining the relative con-
. » 532 . \ . . .

centrations of P77 in the various comrunity fractions

N 32 . \ . .
through time. P7  movements in the aquarium microcosm
involved more than one given set of rete values in
operation during the period of the experiument. Rate
patterns should, therefore, be understood to hzve a
teuwporary meaning and that the rute pattern at a given
X . C s .32
time camnot e used as a basis for the prediction of P
distribution over a longer period. The processes of
aquarium ageing, varistions in the relative importance of
adsorﬁtion processes during the earlier stages and the
changing processes of absorﬁ?ion and ingestion combine

to produce @ shilting complex picture of rate matterns
. . v 032 N
‘he major routes of P7 cycling and the initial transfer
rates calculated for the early hours of the exceriment are
nresented in Firure 10Lb,
The most noticeable feutures vere:
2.4 .1 High untake and loss rates of the plant fraction,
srecinlly tie millipore fraction (Table 10az).
v 3 : . \32
2.4.2. e increzsingly smaller progortion of P re-—
moved frou pregceding tronhic levelz by the herbi-

vore and carnivore consuwer levels,
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2.4,

39
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32
The avoarently greater loss of P frow the
nertivore level via excretion (.29) than via
oredation (,017), this fact was also noted by
Thittaker (1961).
The lower carnivore excretion rates, implying
. ; s L 32
that they retained their P~ body loads for a
longer period than most hertivores,
7 32 iiom
The slower processes of P7 accumulation in the
mud via sedimentation (.0021), death and decay
(,0037) and biologicel routes (.O01l7).
The return rates (14) to water in some fractions
was much larger than the uptake rate (rl) e.2.
herbivores and detritivores. This is quite
possible since the yptake rate was cslculated on
the proportional uptake from a very much larger
32
P~ pool.
Figure 10c¢ sets out a number of individual rate
patterns vhich were known reasonably accurately.
Both the gross uptake rates and furnover rates
are given. The plant data suggests that the
filter water furnover time was 1,21 hours, i.e.
. 32 .. N _
all the P originally introduced was passing
through the vplant povulation within this tiwe.
fiaturally this was an initial very rapid reactinn
s 1 - 32
which would slow dowvn as P~ became more evenly
distritvted in the system.
Plont unteke rates orew slower zs cellular com-

nlexity and orgenisatinon incrersed, e.o.millinore
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fraction (r2 = 9,23 uc/gram/hour), sidewall fraction

(r2 = 114 uc/gram/hour), Spirogyra (r2 = 5207 uc/gram/hour)
and the macrophyte'Callitriche (r2 = .1186 uc/qgram/hour).

The tufnover rates also followed a similar pattern. The
remaining points of obvious interest have all beén mentioned

in the previous paragraphs.
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Concentr: tion Hatios,

The figures oiven in Table 9 do not hzve an stsolute
weaning as such, but c2n be used in a comparative sense,
For under the conditions of this exoveriment no real steady
32 . _ , m . -
state of P content wes reached. The maximum activity
- ] o : . 32
density values represent inflexion points (where P~ loss

32

exceeds P~ uptake) and not stable equilibria. The

- . C , . : . 2
activity densities at theze points were the result of P3
. . 32 : )
uptuke in relation to P7° content of the food and water at
' : . e . . 32

the same time, and also in relation to the changing P

contents of these during the preceding periods. Thus,

maximum activity densities were reached at different times
for different species and, therefore, at different water
activity densities, this produced concentrztion ratios
which are not strictly comparazble in gquantitative terms.

Nevertneless the figures obtzined illustrate some important

general points.,

2.5, The degree to which phosphorous compounds (and
radioactive isotopes) are concentrated from the
water into living organic matter.

This concentrztion process when linked with the
e . 32 -
very rapid disapvesrance of P from the dissolved
state suggests strongly:
tage of phosohorous

i That thers was z shor

)

in the squurium, i.e. it was nutrient vpoor.

L

ii. Illustr=tes the imwortance of phosvhorous to
living orgenisms as a basic comnonent of all

cell energy ‘transfer vrocesses,

o tbians

>
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jii. Adnd the fact that some aquatic organisms
have evolved methods of ravid concentra-
tion znd storage from low phosphorous en=
vironments, e.g. willinore fraction, side-
wall algae, and other multicellular plants.
Thosphorous is generally found at low concentra-
tinng in aquatic wedia, this fact in connection
¢ith the high demand for it (by livirg organisms)
has.important conéequences uoon the behaviour of -
.32

P”° effluents released into aquatic environments

from nuclear power installations. High corncen-

trations of P32 released, in conjunction with the

high demand for phosphorous compounds by living
organisms, can under certain circumsiances com-
bine to produce measurzble effects upon the vig~-
bility of aquatic ecosgsystems.

That concentration rztios tend to incresase as

one noves up the food chain (see below)

Corixa (3.58 x 105)———4
. 6 .
/{ij:j:j;Daphnla (2.2 x 10 )'““”—"———éStlcklebacg\Fry

,Millipore (1.4 x 106)-’ ' (3,27 x 107)

. 5 SRR
,Callitriche (1.57 x 10°)) _~Tadpoles (1.47 x 10%) —"Abytiscus larvae

Sidewalls (1,28 x 10°) §:§I:$Limnea (9.25 x 10°)

(1022 x 10 )

(1.81 x 105)
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Biolosical Variation.

Biologicel variztion in the P32 content (activity densities)
of species individuals was observed on a numbker of
occasions, At 168 hours tﬁo Gasterosteus adults removed
at the szme time had fespectively‘aotivity densities of
1.16 uc ané .94 uc, a varistion of zbtout ten ver cent.

Two sets of Gasterosteus fry rewoved at 363 hours contained
2.95 uc énd 2.76 uc, a variation of about seven per cent.
Two Dytiscus adults removed at 1200 hours showed a varia-
tion in P3? content of about two hundred per cent; this
large difference was probably coﬁnected with the fact
that the larger individual was three times the weight of
the smaller individual.

Herbivore biological variatiion wss in the case of Limnea

peregcer bodies far more errstic than carnivores. Some

figures given below illustrate this:
1 hour, ,001l4 uc to .0824 uc  (180% variation).

8 hours, .019 uc to .09 uc (450% variatinn).

168 hours, .3 uc to 1.2 uc (400% viriation).

Seventeen Hyphydrus ovatus, processed separately at 1200
hours showed a surprisingly wide range in activity density.
Activity densities varied from .05 uc to .45 vc per gram,
i.e. a nine times variation. There appeared to be a
definite trend of increasing activity density with in-
creasing weight and size (Fis.29). The data suggests the
existence of two activity density/weight classes, where
individuals above .0051 graﬁs have high activity densities
above 27 ue ner grem, and those telov ,0051 gsrams activity

densitics Lelow 27 uc ner gram,



- 70 =

thittaker {1961) points »ut that smaller organisms and

individuals show faster untake rates (rg) and achieve

higher sctivity densities in a shorter time than larger

individuals, If this holds true, why was there a definite

reversal of this trend in the case of Hyphydrus ovatus?

A number of suggestions are put forward below,

2.6.1'

2.6.2.

(W]

. . ' 32
Smaller individuals may take up P~ faster and
reach higher activity densities after a short
time veriod, but they may also have faster rates
» 532 e '
of P7" loss than larger individuals. As a
result, after 1200 hours in a medium contaminated
. J32 . .
with T the smaller specimens would have lost
L . 32 . e s
most of their P77 oroducing low activity density
values, vhile larger individuals {~ith slower
32 . .
rates of P~ loss) would retain more and produce
the curve in Fig.25,
Smaller individuals may not have loss rates
intrinsically faster than larger individuals (when
compared to their upiake rate). However, since
smaller specimens reach the ecuilibrium level
sooner, they are declining from neak levels for a
longer period than the larger individuals which
reach peak wctivity density values later on.
Thig situntion could eventually oproduce a curve
similar to that in Fig.25,
Smeller individusls vay have lower sctivity

densities resultings from some "couwvetition" effect

for food vith larger individuals.
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under all conditions, especially in the un-
natural conditions found in laboratories and
artificial systews created outdoors. As of
P . . 32 : ,

this time little worik with P tracers has been
carried out under natural conditions into the
question of uptake and loss rates of individual

4.

aquatic invertebrate species. Odum (1961) has
pointed out that the biological half life for
heterotherms is not a constant value, as their
activity rates vary widely. He zlso noted
that laboratory and field valﬁes for excretion
rates vsried widely in heterotherms, and suggests

that sowe other frctor (apart from varying activity

rates) such as dietary changes way te responsible.



2.7. Troduction Hetimates.
Under certsin conditionz, one can estimate primafy and
secondsry nroductivity via o disanpearance of raw materiéls
approach, utilising radioactive trscers such ss P32. f
major problem of this avproach is that many nurely physicel
and chemicsl faotérs iniluence the rate of nuclide exchznge,
and as a result it has proved difficult to distinguish
between biological and physico~chemicul uptake.
The data derived frow the experiment can be used to give
a rough estimate of the productiviiy of the system
(Whittaker, 1961).
It is assumed in this method (Odum et al, 1958) that the
gross uptake rates (rl) into the verious community frac-
tions expresses productivity. These rate vslues are
assumed to reflect orimarily the intake and utilizatinn
of phosphorous compounds in metabolism and the sjnthesis
of organic compouncs in grovith and to be significantly
correls ted with}productivity. It is further zssumed
that to the rate for one tronhic level should be added
tae rates for all uigher trophic levels dependent on ity

(Fig. 10a). For exauwple, the rste into %he producer level

(o]

fer rates)

2

from the witer ~as 78.65 (all r, values (%ran

in Fig.l0a are wultiplied by 100 for coovenience), froum

7

the producer to herbivore level 23,36, from the herbivore

ok

level to the firct carnivore level 3.48, snd frow here o
the top curnivores 537, The totzl (to the nearest ~hole
oy

nuwber) +as 107.  The fisure for the herbivore level (cal-

culsted as abave) mas 27 the t-0 carnivore levels
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wze 4,0 and 0.5 resnectively.

To the nroduction ésiimatéd correancnd efficiencies of
twenty-five per cent for the second and fourteen per cent
for the third and fourth levels. These vealues csn be

compared with other figures found in the literature,

Whittaker (1961) Lindemann (1942) *
Qutdoor Fond. Cedar Bog Lake Lake Mendota
Level 2 11% 13.3% | 8.7%
Level 3 4 5% 22,36 5;5%
Level 4 - 37.5% 13.0%

The efficiency of the herbivore level in this experiment
vould appesr to be up to two timesz the values recorded
in the wild (Lindemann, 1942)., This is not too sur-
prising censidering the temporsry nature of the community,
. g p 532 o . . ;
the effects of P” adsorbtion during the early hours of
the experiment (upon which figures the production values
are cslculated), the uncertainty of a number of food
s . . 32
chain relationships and also the P uptake by botiom
sleae,
Kecent work by Odum and Golley (1963) sucgests in fact
thet the weusurement of nuclide loss rates will prove

to bve ecolosically wmore interesting than the untake rates.

# Note: Lindeuwwnn'

S ures sre bosed on energetics
studies not 1 1 a

ylvine redioactive ltracers.
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Aovarium Ageing,

The process of aquerium aseing is reflected in the overall

§

9]
. 3
picture of P

wovements, i.e. a nuwber of orocesses
32 . s C s . .
remove P77 from the water; bindine it into biological
material which ultimately moves downwards (via excretion,
death and decay) through the systew into the mud via several
routes. Figures 8 and 9 illustrate sowme of the measurable
changes detected in the aquarium community during the ex-
perimental period, Firure 8 shows the increasing amount
. " . 32y . .
of sediment accumulating (alonz with P ) in the mud.
After 1200 hours an estimated 104 grams and 18,34 uc of
2. . .
P”" had passed via the sediment into the muds though it
. . o C 32 '
1s not known how much of this sediment and T wWas re-
circulated back up from the mud, or if extensive re-
circulation in fact occurred.
Figure 9 records biomass changes occurring in the millipore
and sidewall fractions in the aquarium, Sidewall biomass
reached an initial peak sbout six days after the addition
32 . . : L ; .
of P77, frow six to about thirty six cays, the bilomass
declined gradually. Between day thirty-six and fifty, a
second biomass peak developed reaching a recorded maximum

of 3.2 grams sidewall bionass.

These biomass changes fit in with generzl observations made

[ah

during the velopwent of the aqusurium counpunity The

joN)

following pattern vas observed:

2.8.1. ?he sradual accumulation of a brown film over the
glass surfaces of the tunk, this reached its moxi-
mum denzity ¢t about ten doys,

2.8.2, The srogressive deteriorstion of this layer betl een

ten znd Torty Jduys.
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At forty days, sbout zeventy oer cent of the
aguarium glass was alwost comnletely free of the
original film.,

During the next ten days tiuere was a rapid build-
up of a completely different film over the aquerium
glass., This comprised mainly of a layer of green
algae not previously noted in such large quantities
before, Paralleling this new development was the
proéuction of large mats of blue-green algae on
the mud surfaces, here again no such noticeable
layer had been observed previnusly during the time
the tank was set up.

These évents indicate that some fundamental change
was occurring in the system during the last two
weeks of the experiment. It is interesting to
note that the P32 content of the filter water
rises from .189 uc at 864 hours to .22 uc at

1200 nours. The following scheme is put forward
as a pozsible exvplargtion:

Phosvhate compounds bound up to non-living mudv
components were being gradually relezssed into the
water as anserobiosis occurred in the mud layers.
The release of nutrients from the bound pool in
the mud wss indicsted by the sudden anpearaznce

of a prolific algal growth over the now nutrient
rich nud laye;é .

Hutrient release and circulstion procuces the
apnearance of a new sidewall coumunity in a

T~

relatively short space of tiwe., During this
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» o 3z
period the totfal P content of the sidewall
fraction increased from .55 uc to .13 uc, i.e,
by about thirty per cent,
The preceding observstions indicate changing
nutrient conditions were arising towards the end
of the experiment and that these changes were in
turn producing changes in the structure of a num-
ber of community fractions possibly due to the
release of phosphates in the wud by anaerobic
.processes.
Over the same period there was no compsrable in-
crease in the biomess of the millipore fraction or
of its total P32 content. This might imply that

processes other than the ones above were at work,

or perhaps more likely that the weighing techniques

at these low levels of biomass was too innsccurate
to detect any biomass fluctustions. . The biomass
of this fraction avpeared to decline through the
experiment, perhans due to the nutrient shortace
znd the competitive effects of the macroohyte
Cailitriche and Spirogyra on P32 availability and
. balance in the water.

The sidewall biomass decrease from day six to
thirty-six wss probably the comvosite result of
grazing, bacterial action, and a lack of esséntial

nutrients in the water,

- Wote: The term zidewsall to all

&
tne orgmnisus on ;
consisted rainly of scteria and
varying amcuntas of deczyed organic matter

(aninals excludel

§

P
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CYFRIS.

This experiment illusirates a number of points generally ob-

‘served in most radioactive isotooe uptakeand loss experiments.

s . . 1 e 2 .

Within a few minutes of the introduction of the P3 spike, the
green unicellular algae in the culture had concentrated into
their tissue about ninety-seven per cent of the introduced

. _ e o 532 -
isotope atoms. Equilibrium of P~ wmovement between the liquid

and solid phise (alzee) occurred after a few hours with a 99:1

32 32

ratio of P77 in plankton to P™ in wter. The Cypris concen-

32

trated P to a high level primarily by the food chain wster -

plankton - Cypris. After fourteen days the P32 content of
Cypris had reached an activity density of 6,81 uc/gram.‘ The

activity density of the culture water (filtered) at this point

32

was 1.5 counts/ml ( £ .68 )KlO"6 uc/ml); this implies a P

1

concentration ratio of 1.0 x 10" for Cypris. This was the

hizhest concentration ratio recorded by any orsanism in all the

experiments carried out. The above figure bears out the genersl
32

conclusion th~it concentration ratios depend nriwarily on the P

concentration in the food source.

The activity density of Cyoris at fourteen days imvplies an aver—

2
aged activity upntake rate of .02 uo/gram/hour. The PJQ 1

ozg
graph (Fig.27) shows a decrease in activity density from 6.81 uc/
gram to 2.8 uc/gram after 144 hours in an uncontaminated solution.
This gives an averaged aciivity loss rate of ,028 uo/gram/houre
Prom,l44 to 480 hours, about 1.4 uc/gram were lost giving a

slover average dctivity loss rate of 0041 uc/gram/hour during

this period, i.e. just over five times gslover than during the

first 144 houy neriod.



"he presence of two distinct activity loss rates in the graph
(Fig.27) is taken 1o imoly the existence of at lenst two dis-
32
~tinct wetabolic micropools of P77 within the organism. These
tvo pools asovedsr to exhibit differeéent turnover and loss rates
chich produce the two different curve values and slones in
Figure 27. The rapidly lost component (O«144 hours) Gay ren-—

32

resent unassimilated P77 being discharged as faeces, or a labile
metabolic pool with a quick turnover and loss via excretory
wmethods, The second pool with a lower rate of loss (144 - 480

) . _ 32 - . .
hours) probably represents P”° assimilated into the body structure,
e.g. valve or shell and lost at a much slower rate which only bte-
comes apparent after most »f the labile pool has Leen expelled,
The importance of loss rates and their applicztions is discussed
bty Odum and Golley (1963) and Southwood (p.361-363). Odum in
65

his work on Zn ~ uptake in aquatic-invertebrates also suggested
the existence of two discrete isotope pools,
(1) A non assimilated pool vhich is lost ranidly =zt a rate

.

depernident on ihe "tag" level and the ohysical-chemical

nature of

thie environaent.
(2) An assiwilated pool distributed throuh the tissue which

is excreted at & slorer rate and at a rate more directly

related to metabtolic proce:zses.
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“he result. of this experiment show a sinilar mttern of uptake

and loss (Fig.256). The rapid initial uptake and loss implies

32

that a large proportion of P taken in was not assimilated,

s s \ . 32
t4ithin twenty-four hours, about half the ingested P™ was lost

in the uncontaminated solution.  Cypris on the other hand had

only lost six ner cent after twenty-four hours in the uncon-
taminated solution., It is suggested that a large proportinn of
. : 2 532 : . .
{ze rapidly lost P°° was externally adhering to the czddis larva
through the agency of bacteria and possibly fungii. This pool
. . Cy i 032 .
would rapidly come into an equilibrium of P77 {ransfer with
. 3, ) > )
water, snd since the P~ atoms would te raridly diluted (by ex-
1 . ‘t- 3 31 * N
change for non radioactive P~ atoms) and dispersed ia the un-
s s . v 32 .
contaminated solution, a rapid loss of P” from the exterior would
o . L 32 .
occur. The iwmportance of surface aasorbec/ausorbed P77 by living
and non living agencles 1s worth further investigation as other

J

short experiments (not reported in this thesis) suggest that

0D

much of what was referyed %o ss "physical uptake" in the past by

various authors, may in fact bte surface uptake.



SUMMARY



INTRODUCTION AND METHODS

Radioactive isotopes are a comparatively new tool in the field of environmental
research. Phosphérous is an importent macronutrient in aguatic ecosystmes and

P32 can assume an important part of the aquatic contamination produced by certain
types of reactor effluents, This study was carried ocut to illustrate the major
paths of phosphorous cycling in an aguatic laboratory ecosystem and also to
illustrate some of the mechanisms by which isctopes such as P32 can pose a hazard
to aquatic life forms., Other facets of the study.include the use of radiotracer
information for the purposes of production estimates and in determining individual
uptake and lms processes.,

The main experiment was carried out in a 120 litre agarium stocked with a
representative cross section of pond life, water and mud, The system was allowsd
to settle down for three weeks before a "spike" of 39,06 uc of P32 was added,
Samples were removed at intapvals until the experiment was terminated 50 days
laters The following fractions were sampled regularly (water, filtered water,
suspended matter, mud, sidewall community, two plant species, nine herbivore
species, twelve carnivors species and occasional long term sediment samples),
Samples were generally taken at the following times, 1, 7.5, 22, 53, 168, 363,
535, 864 and 1200 hours after the introduction of the spike, All samples requiring
drying were dried to constant weight at 7D°C9 weighed, dissolved in a hydrogen
peroxide/nitric acid mixture and their radiocactivity meaéured on a liquid counter
and scaler apparatus. The results obtained were corrected for background inter—
ference, half life decay, instrument variaticns and efficiency and convertsed into
a counfs per gram dry weight figure. In 8ll cases a standard error was calculated
for the count rate., The results were processed further to produce a number of
different value concepts. The most important were the activity density, the
activity uptake rate, the gross uptake rate, the activity loss rate and the
concentration rates,

A number of problems of method produced certain limitations within this type of

experimental frameworke The most important included the smallness of the system
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and the shortage of sampling matsrial, the difficulty of separating out and

individually analysing the planktonic, sidewzll and mud community fractions, the

difficuity of discriminating between and assessing the relative importance of
absorbtive and adsorbtive uptake by the various fractions in the éystem and
finally the effect of individual biological variation in the uptaka of P32.

The remaining two experiments involved the 932 uptake and its later loss in an
uncontaminated solution by Limnophilus stigma (caddis) and Cypris (copepod)
poﬁulations.

Rate pattern diagrams for the main experiment wsere drawn up (Figs. 10b and 10c)
using the initial period gross uptake rates. Thesg patterns express the rapid
transfer movements of'P32 during the first few hours of the experiment. A
number of these rates wére estimated, an account of the methods used is given
in the relevant ssction,

Finally, the living biomass was estimated just prior to zero hours, giving
estimates of 51 grams for producers, 9.63 grams for herbivores, 2,32 grams for

detritivores, 3.61 grams for primary carniveres and 0.98 grams for the top

carnivorss,

e s

P
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RESULTS

A major feature of the genoral isotope pattern was the very rapid movements of

P32 from the water in the first few hours of the experiment. Within ong hour;,

52% of the total 032 | troduced was concentrated into the millipore biomass, and
82% into producers as a whole, This is a universal feature of most tracer studies
in the laboratory and field situation. The millipors figures imply that after

a few hours there was little P32 in the tank that had not passed through the
plankton, By this time little of the PSZ would have been in the form of PU4“ ions
which are largely unavailable to phytoplanktonic algas (Chu 1946, Lund 1950).
After 53 hours, the other producer fractions (Callitriche, Spirogyra and sidewall
fraétions) held 49% of the introduced P32. After the initial one hour peak of

the millipore filter fraction, the other producers (with slower I, rates) acted

liks a sponge accumulating, and more importantly, retaining PSZ. Animal P32 content

(as a whole) reached a peék at 72 hours after 932 had moved up the food chain.
Mud P32 content increased very slowly, 1% at 1 hour, 14% at 7 hours, 48% at

72 hours, after 100 houfs over half the original P32 had ended up in the mud
"gink", After 100 hours, the P32 content of all fractions except the mud began
to decline as variousvprooesses such as grazing, death, decay, predation anq
sedimentation tock effect. Sediment p32 content began to decline after a feuw
hours, its major P32 source was the millipore fraction which soon declined in

P32 content, The rate of sedimentation (i.e. weight) also decreased as the
experimant advanced. The quantity of P32 sgdimented increased with time,

eeg. 7.9 uc (168 hours), 16 uc (36 days), 1804 ue (50 days), after 50 days about
46% of the total P32 introduced had accumulated via the sediment to the mud,
showing the importance of sediment routes in aquatic systems. Rates of 932 move—~
ment through the system differed from Whittakers experiments, e.ge. millipere T,
values were two times higher than in any of Wnhittakers experiments, his plankton
exhibit péaks at a later time (12-24 hours), after 24 hours in an oligotrophic
aquaria 32% of the original 932 remains in the water compared to 2% in this

oxneriment. This was primarily due to the absence of a macrophyte "sponge" in
P f p



- 83 -

Whittakers experiments emphasising their importancey; an observation noted by

Coffin et al 1948, In Whittakers experiments r, values were much higher (up

2

to seven times) in the plankton, the result of & low biomass and absence of

macrophytes. UWhittakers sideswall fraction held far more P32 at peak values

(25 - 55%), as oppnsed to a maximum ﬁf 6% in this experiment, of the total

P32 available, The animal fraction held a maximum of 15% of the total P32

availabls at 94 hours, declining to 1% after 1200 hours, Bottom algaze and

bacteria held an éstimated 5,01 uc atA7.5 hours in this experiment.,

The basic pattepns of 932 distribution ars summarised below:

1« A rapid departure from the aqusous state into the phytoplankton and
macrophytes.

2. The gradual accumulation of most of the P32 into.macrophytes.

3, A later psak of P32 iﬁ the animal fraction as it moves up thevfodd chain.

4, A gradual declins from'peak values in all fractions, |

5. The increasing accumulation of P32 in the mud, via sediment, death and
biological uptake, until the majority of p32 rests in this largely
inaccessible area,

Most activity density graphs showed the follouing common features, A straight

line increase towards equilibrium levels,; as this level was approached and passed

the rates of increase declined in responée to the declining P32 content of the

food and water as P32 moved in increasingly larger amounts into the mud, The

effects of surface uptake were most noticeable in herbiveres in the early hours

by the presence of a marked convexity in some curves. ﬁther points of interest

include the low uptake rate and low peak activity density level of Notonecta,

usually considered to be the most rapacious of aquatic invertebrate predators.

Water mites showsd a surprising lack of P32 uptake after the initial surface

adsorbtion peak had declined to unmeasurable levels, this implied no Feeding

occurred through the 50 days cf the experiments, although food was available,

Other curves, e.q. Liimnsa pereger and Planorbis albus, exhibit some possible

32 . . . R
uses of P in niche separation of food sourcese.



The largest rate values occurred in plants (millipore 9.23 uc/gram/hour,
Spirogyra 0.5207 uc/gram/hour, Callitriche 0,1186 uc/gram/hour, sidewalls

1e14 uc/gram/hcur)'and those animal species feeding on them (Daphnia 0¢39 uc/
gram/hour, Rana tadpoles 0,7704 uc/gram/hour), Carnivores generally exhibitead
lower activity uptake rates than herbivores, however, their loss ratesbwere

lowsr and therefore their turnover times longer, and as a result, the time taken
by carnivores to reach peak levels was only slightly longer than for herbivores.
Unlike Whittakers experiments, there seemed to be no clear cut relationship
correlating the magnitude of the uptake rates, maximum activity density values,
turnover rates and turnover times to animal siée, though this was exhibited by
three coleopteran species., Activity uptake rates appeared to be primarily
dependant on ths type of food source utilized and its P3-2 content,

The major routes of P32 cycling and the initial trénsfer rates for the early hours
of the experiment were calculated and set out (Fige. 10b), Noticeable features
included the high uptake and loss rates by plants, especially the largely
phytoplanktonic millipore fraction, the increasingly smaller proportiocn of P32
removed from preceding trophic levels as one moves up the food chain, the higher
p32 loss rate of herbivores as against carnivores and finally the slow processes
of P2 accumulation in the mud via biological (0,017), sedimentary (0.0021) and
death and decay routes (0.0037).

The concentration ratios observed were not strictly compérable in quantitative
terms since no steady state of P32 content was reachad during the experiment,
However, the results obtained illustrate certain important points, e.g. the degree
to which phosphorous compounds, and therefore PSZ, is concentrated from the
aquatic environment into living tissues, the importance of phosphates to life,
its relative scarcity in fresh water ecosystems and the existence of methods

of rapid uptake and‘storage evolved by some organisme {planis) to cope with this.
Lastly, as one moves up the food chain, concentration ratios fended to increase

in magnituds,
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Biclogical variation between individuals of a given species with regard to P32
contents was obsepved in a number of cases, this was due to natural differences

in feeding rates, size, bshaviour and other related factors. A detailed analysis
of this variation was carried out at 1200 houfs on 17 Hyphydrus ovatus individuals,
Activity densities veried by S00% (0,05 uc/gram = 0,45 uc/gram), at this point

in time there was a definite trend towards an increasing activity density with
increasing weight, The data suggessts the possible existence of two major activity
density/heiéht classes above and below 0.0051 grams (Fige 25).

A production estimate was made along the lines of a disappéarance of raw materials

approach using P32 groess uptake data, i.e. r, valuess, Compariscns with two sets

1
of data by Lindemann (1942) and Whittaker (1961) showsd a general agreement
except in the case of herbivores which in this experiment showed efficienciés
2-3 tihes higher than Whittakers and Lindemanns data, Some variation df this
sort are to be ekpected considering the obvious limitations of this laboratory
set=up,

.The process of aquarium ageing was reflected in the overall paftern of P32 move=
ment through the experimental periode The increasing PSZ content of the mud as
532 moved from the liquid to the solid (organism) to the sediment and finally to
the mud phase, was one major indication of "sgeing". The gradual decline of the
sediment weight through the experiment as the millipore biomass decreased was

another. Other indications included changes in the type and size of the bottom

and sidewall plant communities,

i
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P32 UPTAKE AND LOSS EXPERIMENTS

Two experiments involving individual aquatic inveftehrate species (Cypris and
Limnophilus stigma) were carried out to investigate Pzg uptake and its sqbsequent
loss in an uncontaminated gnvironment. The moét notable features of the Cypris
experiment were, the implied concentration ratio of 1.0 X 107 (the highest
recorded by any species in all the experiments carried out), the presence of two
distinct activity loss rates (ré) (0,028 uc/gram/hour up to 144 hours and

0.0041 uc/gram/hour from 144 - 480 hours) which was taken to imply the existence
of at least two P32 micropocls with diffarent'turnover and loss rates, The
'results of the Limnophilus stigma expariment'exhibited a similar pattern of

PSZ uptake'and losse The rapid initial uptake implied that a largs proportion
of 932 was not assimilated; i.e. that it was externally held to the body gsurface,
probably by bacteria. This observation is supported by the fact that Cypris
lost 6% of its P32 load after 24 hours in an uncontaminated solution, whereas
Limnophilus lost about 50%.

Finally, the expsriment has suggested a number of improvements in experimental
method. The complexity of the indoor aquaria probably produced an unstable
system which was not cnly difficult to replicate but also very different from

a natural community; @.ge it was a closed system containing carnivores which
would naturally run down eventually if left undisturbed. A better system for
laboratory analysis would have to be simpler and sasier ﬁo replicate, Such a
system was set up but it took nearly six months before any self regenerating

stability sppeared. This system held some 50 litres of pond water along with

two species of mollusc (Limnsa and Plancrbic), Daphnia, Cyclops, Cypris, Diaptomus,

Chironomid and Oligochaete populations in the mud, phytoplankton, a sidewall
community, Duckweed>(Lemna trisulca) and an amcunt of Elocdea, This system
progressed through to eventual stagnaticny however within two months a stable
comnunity appeared which would have been suitable for analysis. Naturally,
sampling weights would have to be fairly small, howover this should be offset

. . YA
by using higher P tag levels.




- 87 -

Isclated field populations within large plastic framed containsrs set about ons
foot into the mud would be ideal for tracer study in the wild over prolonged
periods of several months. Replicates could be easily sét up and the isotops
isolated from the mainvarea of the water. DOrawbacks include the lack 6F meru
ment of organisms through the tank, the possible overexploitation of cne species
by another, é.g. Sticklebacks, and the effect cf the algal populations wﬁich
would cover the plastic sidswalls, To varying degrees, these problems could be
overcome, Also the p32 concentration could be kept around a constant level by
some sort of drip feed or sﬁray device every 24 hours or so in order to cdmpensate
for F’:”2 lost by the half life decay.

Finally, a more effective method of separation is needed in certain fractions,

8.g. mud, plankton, sidewalls, along with detailed analyses of P32 "states",

i.ge chemical forms.,
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CONCENTRATION RATIOS

RECORDET TN MICROCOSY EXPERIMENT

Species/ Concentration Ratic | Time oif Maximum Maxzimum Time of Mexintum
Community at Time of Moxinmum Concentration Cencentraticon
Fraction Activity Density Ratio Recorded | Ratio (hours)
Millipore 168,819 1,447,817 72
Fraction [ -
Sidewall Yl . o
Plates 81,851 1,475,862 72
Sediment 215,892 295,103 72
Mud 8% 1,287 556
Spirogyra 627%,960* 623,560 53
Callitriche 157,339 157,339 96
Dytiscus _— T e '
(larvae) 1’21)’)f/ 1,215,547 168
‘Dytiscus / .
(adult) 268,601 268,601 528
Gasterosteus . * 1 2o '
(acult) 1,390,000 1,350,000 530
Gasterosteus . - - .
r 6r\» 4

(£ry) 3,267,060 5,267,900 530
Nepa 98,855 98,855 168
Notonecta 127,208 127,208 168
Hyphydrus 239,086 " 262,500 555
Agabus 178,390 25,833 555
Sialis 221,h53% 231,153 1200
Enallagnma 503,950 503%,950 363
Gerris 221,731 221,731 864
Erpobdella 181,667+ 181,667 1200
Polycelis 65,000 82,000 555
Hydracarina 570 2,100 22
Hydrobius 240,195 321,000 555
Limnaea )

Body 540,74 925,918 168

Shell 39,286 76,717 1192
Planorbis 276,557 276,557 363
Limnaea N rye . e

Eggs 662,110 662,110 525
Rana .

;v

Tadpoles 1,206,733 1,474 k62 72
Limnophilus o -
stiggg + 315,000* 316,000 555
TLeptocerus 322,000 322,000 1200
Limnophilus - -
xanthodes 560,000 599,000 555
Corixa 20,185 258,333 555
Daphnia 2,202, Bl7x 2,202,343 53

* peak levels of activity demsity were w0t reached in these species during the lime of
the experiment; concentraiion ratics were therefore based on peak values recocrded,
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