BRIEF COMMUNICATION

ACCUMULATION OF PERIPHYTON ON ARTIFICIAL SUBSTRATA NEAR SEWAGE
SLUDGE OUTFALLS AT GLENELG AND PORT ADELAIDE, SOUTH AUSTRALIA.

Two sewage sludge outfalls are sited in seagrass meadows
offshore from the metropolitan area of Adelaide (Fig. 1).
There has been extensive loss of the seagrasses Posidonia
(B sinuosa and P angustifolia) and Amphibolis (A.
antarctica and A. griffirhii) around the Port Adelaide
sludge outfall' and plants in partially-affected areas have
an increased abundance of epiphytes on their leaves?,

biomass reflected the pattern of seagrass loss*. Lesser
effects have apparently occurred on seagrasses near the
Glenelg sludge outfall®.

The aim of this study was to compare increases in
epiphyte biomass at sites adjacent to the two outfalls,
Underwater observations indicated that in late summer
extensive mats of algac developed throughout the denuded
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Fig. 1. Study area and sites for deployment of artificial substrata.

Increased growth of epiphytes in response to increased
nutrient levels in the water is an apparent cause of the
decline of seagrass beds® and studies with artificial
substrata indicated thal the rate ol increase of epiphyte

area at Port Adelaide. There were signs of increased algal
growth near Glenelg but no such mats developed,
suggesting that seagrass epiphyte growth may have been
reduced in that area,
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The accamulanon of epiphyte bloniass freferred 1o a8
periphyton® on ai(ificial subsirala was assessed af (hree
sites (Fig. 1). Site | was 500m N of the Pont Adelaide
sludge ourfall, cnncident with a slie nsed in @ provious
study? Site 3 was il a similar position relative o Ihe
Glenelg sludge outfall and site 2 was a control site situared
in apparencly healthy scagrass meadows, The depth of
waler al wach site was approximately 13m.

150 substrats were deployed at each site in the early part
ol November 1986 wind sub-sampled gt monthly intervals
for live months. The dimensions of the substrata, their
mode of deployment, collection and processing have heéen
desceribed previously®,

The design of this study was simple and it was essenyially
unreplicated, It did not measure within-sile variability nor
was un sstimate made uf variabililty beiween different
cantrol sites, Underwater ohservations did, however,
indicate that each site was NOMOgeneaus Over o lirge aiea
and site | has been surveyed in dewil'. Periphyton
hiomass accumulation has been studicd ar a number of
differein conrrol sies™™ and these lactors stiopgly
sugpested that the above sources of variuion were small
comparad ra the variation between cxperimental and
voulrol ses,
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Flp 2. Changes im dry weight o) substraig doe s
accumulation of perlphyton. Meay « SO (n = 5),

Clhanges in the goy weght of substrarn, as a resull nf
the avcumulation ol periphyton, are shown in Fig T At
nll times the mean value of dry weight on substrala al Use
vorliol site was below thar recarded st the experimental
sites. There were ulso dilferences belween thiese Two sites,
Feriphyton hiomass accumulalion was initially greater al
sile 3, adjacent 10 e Glenelg omfall than ar site |,
adjacent 1o the Port Addaide owtlfall. Aher this il
result however, periphyton biomass accumulalion was
eicater and reached higher values at site 1.

Detailed studics at the Port Adelaide ourtall hiave
indicaled Lhat the most important Faetor deteimining ihe
distribution of sludge is tidal Mow. [t is oriented in & north-
south direcnion and as o resulr slodge is mostly confined
16 & narrow steip noeth and seath of (he vadlall. The
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Gilenelg ourtoll has not beeo siudicd in the same detal
but it 18 known that the tidal ow 18 similiur 10 that a1 Port
Adelaide toth in sirengih and direction®.

The two expeérimental sites nsed in thic audy wore
dirzcaly north of each owirfall and theretore inllenced by
studge, 4 vl source ol soluble nitrogen and phwsphorus,
he composinoa and concentrabion of these nutrients in
sludge discharged from both Sewage Treatment Works
ISTW) are similar. Inscharge rares are sinvlar bul an
average of 480kL of sludge is daily disthurged from
Glenelg STW and 280kL from Port Adelaide STW. It i=
likely thar theamtial differences beiween the subsiragg 4
the conresponding sites was a4 reflection of o greater
availubility of nutrienls at Glenelg,

L'he differences berween the hiamass estilnates on the
substrata at the experimental sites during February and
March were associated with distinet changes at the twao
sires. At Port Adelaide lage algae developed and, atlached
Lo resiclual seaprass fibre with its associuted mussel beds.
formed extensive mats up ra S0cm in depth, They were
similasly prominent on the artilicial subsirata, Though
it remained visibly grearer than ar the contral site, sueh
arowth of algae did not oczur aronund the Glenelg out fall
and nu luge algae developed on the substraty deployed
there.

During the last monrh of exposure, periphyton biomass
ar Parr Adelawle decreased shacply, The early part of
HuLumnn iy ofen associated with the first significant storms
of the year and large algae are physically remaoved from
the aea®. Ocher observalions suggested thal a similar
mechaniun may have affecred the accumolation of
periphyion biomass al Glenely, When the substrata were
sampled divers noted that ar Port Adelaide the warer
column was calm excepr tor tdal movenient, Al Glenelg
a distnet swell was corsistently present and this resulted
in vigarous malion of the subsirala over and above theii
response 1o |he nide,

While 5o dsung are svailable 1o compire Lthe incident wive
cnerey al the twa sites, 1he gracdiemt of the seatloor the
presence of offshore shoals at Maint Malcolm gnd Lhe
presenee of erosion cusps within scagriss beds south of
Poine Malcolm indicare thar wave encrey dilfers berween
the two sites”, It s possible that Lhe initinlly higher
petiphyion biomass at the Glenelg site was a reflection
of u fasier growth rare of algae. As they became larges,
however, they were iemoved By wave slion and Lhis
resulied in smaller incregses in periphyton biomass relative
10 the Port Adelaide sire.

In Wesrern Ausrabia (he spevies ol periphyion lound
on grhlicial subsirgin were similae 1o the epiphvies found
on the lewves of Posidonia australis'. 1 is likely 1hat 1he
same apphies ino the pieseat study. The respomse of
pecipliyton w ingreased levels of nucrients, from sludee,
may rtherefare indicare rhe response of scagiass ¢plphiyles.
under the sane conditions.

The results presented above suggest that seagrasses in
the vicinity of rthe Cilenelg omfall do nor aceumulate
guantities of epiphytes as karge ay (these which ugcumuylued
o Sengrisses wround the Port Adelaide ourfall. Individual
species of epiphyles may grow fasrer ar the lormer sie
but due to grearer incident wave encipy they we removed
Frernn e seagrass before they blanker and burden the leqes
us they de w Pon Adelmide,



Thus one of the major factors known to cause the
decline of seagrass beds seems to be reduced at the Glenelg
sludge outfall. This may help to account for the apparently
large differences between the extent of seagrass decline
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around this outfall’ and the extent of decline around the
Port Adelaide shudge outfall'.
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BRIEF COMMUNICATION

USE OF GROWTH RINGS TO DETERMINE AGE IN THE FRESHWATER TORTOISE
CHELODINA LONGICOLLIS; A CAUTIONARY NOTE

Counts of laminar growih rings visible on the shells of
freshwater North Amcrican testudines have been used o
determine the ages of individual animals'?. Perfods of
brumativon coincide with the formarion of deep gromes
i the epidermis of the shelt!, which are initially hidden
in 1he interlaminal seams. They become visible afer spring
growth commences forming a ridge delineating the outer
edge of the groove® and the spreading of the interlaminal
seams brings the grooves to the surface. For dorth
temperate species®, a “year" ¢can be added 1o the known
age of indwiduals when the groove becomes visible®, The
grooves are genetally known as geowrh rings®7,

Coingident with the recommencentent of growth ix the
formation of' 3 néw, deeper layer of epidermis®. The
margin ol the plate of scute epidermis kaid down | the
nrevious season’s growth is delineated by the grawth ring
farmed at the comiiencement of the next season of
growth®, Old layers of epidermis may he retained in
terrestrial testudines®, but in aquatic species they wre
uauallg shed, cither as single ¥ or, evennaally, multple
layers”. Repeated scule ecdysis causes growth rings to
weaken then disappear’.

Temporary cessation of growth during the growing
season may result in the formation in many species of
shallow grooves, termed minor growth rings®®, Hawever,
minor growth rings are not associated with the formation
ol a new layer of epidermis™?.

Measurement of the gaps hetween major growth rings,
together with counts of their number, have been used 10
determine growth rates in any particular past year 10,

Determination of age based on counls of growth rings
requires That the lumber of growth rings produced by a
sample of the population aver a long period of time be
kaown, and the only satisfaclory means of determining
the peniodicity of growth ring production 18 (o conduct
caplure-recapture excrcises’ over several years. Usually, it
is assumed that only one major growth ring is formed
annually'', and for north temperate species this

assumption is normally valid® However, the assumption
that only one growih ring is lormed aonually by o
paiticular population of a species is not always verified,

The technique of aging has been applied 10 an

‘Ausiralian species (Pseudemypdura umbrinu)y by

Burtndge" The technigue of determining growth rares
has been applied to Cheloding longicollis by Parmenter
ond, with reservations, ta C longicollis and twa other
Australian species (Emydura macquart and ¢heloding
expansa) by Chessman'?.

Although verification of the annual deposition of
growth rings was undertaken by Rurbidge for the
populations of Pseudemydura umbring'®, there is no
clear indication that the periodicily ol deposition of
growth rings has been determined for pepulations of €.
longicollis. Parmenter developed an argument nferring
thai annual deposition of growth rings occurred in C.
fongicollis, because the species ceases (o grow during
anmial brumation; but there Is ng cvidence that he verified
the conclusion?. Chessman initially assumed that growth
rings were deposited annually, but on comparison with
growth rates, as determined on recapture, he concluded
that the deposition of growth rings may be affected by
growth rate, and thar major '}mmh rings may have been
confused with minor rings™.

Parmenter extrapolaied from cenclusions relevant [o
North American species o O lengicollis; bul North
Aunerican winters are longer and more severe than wintgrs
in the range of C. fongicollis. Daily mean temperatures
in the mid west of the United States differ hy abaug 23°C
between mid Summer and mid Winter'® [ Table 1), but the
difference is only 14°C a1 Armidale, near where Parmenter
undertook his field study, The activitcy penad lor
Kinosternon flavesceny in Oklahopa s 140 days®, b
Parmentler reports an activity period of 250-280 days for
€. longicollis"®, Without marked annual temperature
cycles the growth of turtle scales i often even and fioe
of interruptions'?. On the voastal plain of the Gulf of

TABLFE 1. Daily Mear Temperatures at Meteorological Stations Near Testudine Study Sues
. DAILY MEAN *C  TEMPERATURL"C
SRTION SFECHES MID-SUMMER MIDWINTER

Tulsy, Ok, US.A. Kinosternon flavescens™ 27.9 .9
Lansing. Mi, US.A. Chrysemys pera® 211 -4.3
Omaha, Ne, US.A, Chelydra serpenting® 258 5.4
Sr Louis, Mi, USA, Psendemys svriply’ 26.4 a.1
Kensas City, Ks, US.A, Terrapene ornata® 27.2 -0.7
Phoenix, Az, U.S.A. Kimosternon sonorivhgé' 32.9 1.4
MNew Orleans, La, US.A Sternothaerus curinaius 28.4 13.2
Colon, Panama Pseudemys scripta” 26.6 26.8
Armidale, N.SW., Ausl. Chelodina longicollis" 0.4 6.6
Melbourne, Vie., Aust. Cheladina longicotlis' 19.9 9.6
Mildura, Vic,, Aust. Chelodina longicollis" 24.1 10.1
Adelaide, S.A., Aust. Chelodina longicollis' 226 1.2

Saurce of climaric data — “Wigrld Survey of Climatwlogy™, ed. H.E. Landsbery, Elsevier, Amsterdam, (14715
References are [o studlies undertaken in vicinity of siations.
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