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INTRODUCTION

Connections between mangroves and cord reefs have not been investigated in any detall.
Indeed, it is difficult to conceive of a direct connection between these sysems in the
centrd and southern sectors of the Great Barier Reef where the mgority of the subgtantid
reefs are gtuated tens of kilometers from the coastd mangroves. Nevertheless. the possible
impacts of anthropogenic nutrient inputs into mangroves are of very direct importance to |
the discussions of this workshop. In practice. most of the resort and other developments in
the region are Stuated on the coast or on coastd idands which contain, or are close to,
subgtantid  mangrove forests. Hence. the impact of these developments is likdy to be felt
fird by the mangroves.

This paper briefly discusses some aspects of nutrient flows and seasond variations in the .
concentrations of dissolved organic and inorganic forms of the major “macro” nutrients
(carbon. nitrogen and phosphorus) in mangrove waters. This information, dong with a
limited amount of data concerning the capacity of mangroves to absorb nutrient:loads, is
then used to speculate on the possble effects of extraneous nutrient’ inputs into these
sysems. Specificaly, the questions to be addressed are:

(8 What are the ambient concentrations of nutrients in “prisiné’ mangrove waterways and
how do these vary throughout the year?

(b) Are mangroves a source or snk for paticular forms of nutrients? (Cf. the controversa
“outweling” concept which has been the subject of considerable attention in studies of,
temperate st marshes and critically reviewed by Nixon ( 1980)).

() Can mangrove forests absorb large nutrient loads and hence ameliorate their potentid
impact on coastal waters or other perhgps more fragile ecosystems (eg. fringing reefs)?

RELEVANT DATA AND INFORMATION

Ambient nutrient levels

- Mogt of the following data and discussion. except where otherwise specified'. s+ taken from

a manuscript recently submitted for publication (Boto and Wellington. ms submitted).

The concentrations of some dissolved organic and inorganic maerids. in a mangrove tidd
channd (Cord Creek. Missonary Bay. Hinchinbrook Is) have been shown to vary
donificantly over a 20-month period (Fg. 1). dthough the concentrations of dl species
were generdly an order of magnitude lower than results reported for temperate sdt
marshes. Florida ‘basin  mangroves or an estuarine mangrove system in Maaysia (Nixon.
1980: Twilley. 1985: Nixon et a. 1984). In this regard. Coral Creek provides an
interesting comparison with al other wetlands sudied to date in tha it is influenced only
by tidd action and is virtudly free of any teredrid/freshwaer influences via river or
groundwater inputs. This factor alone probably accounts for the much lower ambient
nutrient levels in these waters.

The concentrations of dissolved organic carbon (DOC). dissolved organic nitrogen (DON)
and dissolved organic phosphorus (DOP) varied significantly (oneway ANOVA. p<0.05)
throughout the study period but no wesond trends were gpparent. In the 1982-83 summer
period. the inorganic nutrient (ammonium, nitrate: nitrite and phosphate) levels pesked
during the period December to March and by July had decreased to levels near or, below
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Figure: 1 Variation of the concentration (mean + 95% c.1.) of
the dissolved materials in Coral Ck with time of-year. (Dotted

lines

indicate detection limits for the various entities).
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the limits of detection. In the following year. however, the pesk wes laer - February to
\11% - gonificantly reduced in megnitude (-way ANOVA, p<0.05) and more prolonged,
with anmonium and phogohate levds ill Sgnificantly above detection limits in duly.

Cordaions between the concentraions of the dissolved maeids and some Hected

, climatic data from a weather station in Coral Creek were examined. Most of the

correlaions were low (/r/<0.65) in abxolute tems and it wes ready qr:;Pa“mt that the
concentrations of mos of these materids were only weekly (if a dl) influenced by the
mecro-dimdic variables examined in this sudy. A possble exception was foi the cae of
nitrate + nitrite where a good predictive multiple regresson modd ocould be, constructed
udng solar radiaion and wae tempedure as predictor vaiddes. The utility of Such a
modd is quegtionable however. as nitrale + nitrite account for only a minor fraction
(2-3 %) of the totd dissolved nitrogen in these waers,

Dissolved material fluxes

Only a few of the disolved components gave staisticdlx gonificant net flux edimaes for
individud tidd cydes Further, even these components ed NO consistent trend in net
fluxes with dl components exoept totd dissolved phosohorus showing virtudly zero net
flux when the reslits for the 16 cydes dudied were integrated over afull year (Tadle 1).

Total disolved phogohorus gave an annud net import amounting to ca 24% of forest
primary production requirements’' These results were conggent with previous dudies which
Indicated thet the mid- to high-intetiddl aress of the forests in the Cord Cresk system are

Plimited (Boto and Wadlington, 1983).

When thexe reallts ae coupled with® previous edimates (Boto and Bunt. 1981 with
modifications according to the data of Robertson, 1986) of paticulae matter export
(manly in the foom of intact plant litter) "amounting to ca 35%, 9% and 10% of forest
primary production C, N and P requirements respectivdy. it is immediatdy obvious thet
thee foredts gengdly export subgstantid quantities of organic cabon while N and P ae
dmog completdy oconsaved within the sysem. This tiddly-dominated mangrove sysem
therefore gppears to be in a very findy bdanced date as far s the macronutrients are
concerned and, mogt pertinent to this discussion, there is no evidence to thet
mangroves att as “snks’ for dissolved nutrients in the waer column, except per for
totd dissolved phosphorus.

Sudies (Boto and Walington. 1983) in which very large N and P fetilizer loedings were
goplied directly to the soils within the foress neverthdess demondrated the ability of these
foress to aisorb high loadings of nitrogen and phosphorus, & leest in the short term (one

year). In tha dudy. the forets showed dther a dgnificant podtive growth response over
12 months or no response, depending on position within the intertidal zone. No
detrimentd  effects were noted during that period.

DISCUSSION

It is important t0 dress & the outset of this discusson that the data obtained for Cord

Creek can not be conddered to be typicd of the edtuaine mangroves of the northen
coadline in which the nutrient datus is probably much more influenced by the assodaed
riveine input then by the presence of the mangroves per s (Bato and Wdlington? ms
submitted; Nixon e a. 1984). The discusson by Mitchell (this volume) on river inputs of
nutrients is therefore more rdevant to the esuarine mangroves where the presence of the
‘mangrove vegetaion may act s a “"sink” to reduce somewhat the impact of river-borne
nutrients on coadd waters (eg. see Kennedy. 1984) dthough this later feature has never
been effectivdy demondrated.

The Missonary. Bay mangroves (including Cord Creek) are. however, typidd of some Of
the lager mangrove foreds of this region eg. those gStuaed a the southern end. of
Hinchinbrook channd. Bowling Green Bay. Trinity, Inlet. Port Douglas Lockhat River
(mouth) and Newcedle Bay. Because of their condderddle arcal extent. therefore these
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tidaly-dominated sysems can be conddered to exert a ggnificant influence on the coadd.
and perhgps shef. waters of the GBR lagoon.

It is reasonable to propose. from the information gained in the Cord Creek dudies, that
the effects of extraneous nutrient inputs to the mangrove systems, and ther &bility to
absorb and hence ameiorate subsequent impacts on  surrounding waters, will  depend
drongly on the placement, timing and quantities of such inputs.

For example, the conggently very low levels of dissolved organic and inorganic nutrients
in the waters would suggest that mgor direct inputs of nutrient-laden effluents to the:
waters would be expected to be very detrimental to the water column nutrient status.
Rdativdy minor loadings would have a dgnificant effect on the dissolved nutrients in the
waters and the potential for eutrophication must be consderable. Other discussons at this
workshop may’ focus on such effects and some local case history studies. Placement of the
effluent directly into mangrove wateways may have less impact if caried out during flood
tides. preferably spring tides. In this dtuation? the waters have a greater chance of coming
into contact with the mangrove forest sediments and to be taken up by the trees, before the
waters are then dispersed into the surrounding coastal waters during the ebb cycle.

Farly obvioudy. the preferred mode of input would be directly onto the mangrove forest
sdiments and a an devatiion high in the intertidd zone. This would give the greatest
chance for the nutrients to be taken up by the trees and sediments and would enhance
forest growth in the usudly hypersaline high intetidd zone by lowering the soil sdinities
as wdl as increasing the phosphorus dtatus of the soils which are likdy to be P-deficient in
this zone.

Even if the mogt efficent input mode can be achieved, it would be crucid to minimize the
loadings and to monitor the nature of the effluent. There are definite limits to the long
term ability of the trees and soils to absorb inorganic nutrients. This will be mainly
determined by_the_forest_growth rate_i.e. if nutrient supply chronically exceeds the rate at
which the trees can incorporate them, the excess must eventudly leach into the mangrove
waterways. There ae dso limits on the ability of even Ferich soils to chemicdly fix
phosphate. While very heavy P loadings can be tolerated in the medium term (eg. up to
400 kgP.ha'.y! for the firs year - Boto and Wellington? 1983) owing to the phosphate-.
fixing cgpacty of day and glts in paticular. this capacty will ggnificantly diminish in the
longer term (Holford and Peatrick. 1978).

Organic-rich  effluents with high biologicad oxygen demand probably present the greatest
threat to the long-term viability of the forests. Many mangrove forests are likely to be a or
near the limits of ther &bility to cope with soil anaerobioss (Boto and Wellington, 1984;
Smith, unpublished data) and increesed organic loads ae highly likdy to dgnificantly
intengfy soil anaerobioss which will not only effect the trees but probebly aso the
tHFOWHH e—Hauna—whch-pla pch-a-crucial-role_in_the_mangrove_ecosvstem

1986; Smith, 1987; Smith, unpublished data). It would therefore be strongly recommended
that effluents be subjected to preiminary trestment to reduce the organic matter content
before addition to a mangrove forest. More details of the probable response of mangroves
to sewage effluent are given in a review by Clough et.d ( 1984).

In summary. the ability of mangroves to absorb nutrient inputs will be heavily dependent
on the placement, timing. quantity and nature of the effluent, WHile mangrove trees and
ils have a cgpacity to absorb farly subgtantia inputs of inorganic nutrients. a leest in the
ghort to medium term. their waterways contan very low levels of dissolved nutrients. There
is dso little evidence to suggest any gppreciable net exchange between mangroves and
surtounding coastal waters in the tidally-dominated systems and, it. ig .spgoasted that direct
inputs of nutrients into these waterways could lead to rapid and substantial eutrophication.
paticulaly where tidd flushing may limited.
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Table 1

Edimaed net anuad exchangesof the disolved components in Cord Cresk and the
proportion of net foret primay production requirements (Boto and Bunt, 198 1, 1982)
represented by each (negaive 9gn denotes net export).

Component Net annud exchange Proportion of primary production
(kg C. N or P.hal.yr 1) (%)
DOC 731 0.8
DON 12.6 4.7
DOP 3.7 17.9
NH* 1.5 0.6
NO3 + NO? -0.3 -0.1
PO* 1.3 6.3
Total dissolved N 13.8 5.1

Total dissolved P 50 24.2






