












from zero. Ifwe average only for the the second half of the data set (period 2 in table 1) 
\"':- find a net import of 15.4 g/s wh ich, as is evident from fig 4b is offset by large export 

during'the first week oi the observations. 

Discussjon 

A: though the Merbok observations were carefully planned and executed and have led to a number 
interesting new insights into the way estuary system operates, it has to be acknowledged that 

t:-.ey have not yet enabled us to give satisfactory answers to the questions about nutrient and carbon 
e::changes which they were designed to answer. Perhaps their greatest value lies in the fact that 
r:-.ey highlight the many difficulties involved in trying [0 estimate tluxes in tidally dominated· 
e ':uaries with distributed river inputs. 

The salt balance condition utilised above offers one practical way of estimating the mean flow 
no gauging data is available. In this case it has led to the interesting conclusion that most of 

river discharge entering the estuary under low flow conditions is apparently exported 
b:; evapo-transpiration through the mangrove system and that net flow discharge from the es[uary 
is small. This somewhat surprising result, which seems unavoidable if our basic assumption about 
De mechanism of salt transport is val id, prompts the speculation that the mangrove demand for 
rreshwater is regulated to take maximum advantage of the supply while avoiding the creation of 
t:yper-saline conditions. To cast further light on this question there is' an obvious need for 
r.easurements of mangrove transpiration under conditions of varying salinity. At present, \vith the 
exception of the results of Miller qu-oted above and Andrews et a1. (1984), there is a dearth of 
r;;angrove transpiration estimates in the literature. 

1:-: order to usefully apply the salt balance method to other situations. it is important to note the 
necessary for its applicatiol1. The simple salt condition (equation 4) is based on the 

predominance of the tidal diffusion term in the upstream transport of salt. This is well justified for 
Merbok in terms of estimates of the Hansen-Rattray parameters (Ong et al. 1991) and the 

aJ)alysis of flux contributions by Dyer et al. (1992) but our simplified analysis will not apply when 
vertical and/or horizontal shear make a significant contribution to the upstream salt flux. 

To approximation, in a short estuary like the Merbok where the tidal response is essentially 
a S"tanding wave, the salinity is in quadrature with the tidal transport and therefore in phase with 
the tidal displacement as has been demonstrated by U ndes et aI.1990. It is the small departure 
from this standing wave phase relations which makes the covariance of Q and S nan-zero and the 
accurate determination of their relative phase shift is critical in our approach. Numerical tests with 
anificial phase shifts emphasises the need for accurate coincidence of velocity and scalar 
measurements. A ten minute shift bet':Veen the two measurements inrroduces an error in Qf of 3.3 
m3 S-l in this case so the careful timing control (+/-3 minutes) applied in these measurements was 
rally justified. 

The methods used to estimate the tidal flow from a tide gauge and the inferred hypsometry may 
ruso be of use in other situations. As well as revealing the hypsometry, which may be difficult to 
obtain directly, it serves as a method for validating the flow data with the independent tide gauge 
results. As noted above, its application requires that surface slopes within the estuary are small, 
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a:; assumption which is generaHy only valid for estuaries which are short in relation to the tidal 
\l,°avelength. 

Perhaps the most serious and intractable problem we have encountered in attempting to deduce 
fluxes in the Merbok system, is associated with the large variability of the system. The amplitude 
of the tidal transport (- 3000 m3s· 1

) is more than two orders of magnitude greater than the 
estimated river input. Combined with the considerable variations observed in nitrate levels, this 
leads to high variability in the daily-mean total nitrogen flux and limits our ability to determine a 
useful average as in the present case where aUf conclusion is a near-zero net flux but with wide 
error bounds. 

F j nally we should note that the problems encountered in attempting to estimate the fluxes of 
p:-operties across a single section point to the extreme difficulty of making convincing flux 
divergence measurements which would be needed in order to characterise the role of estuary as a 
source or sink for a particular property. 
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F :.~ure Captions 

1 ' The Sungai Merbok mangrove estuary system. The inset at bottom right shows a down estuary 
\-;::W of the bathymetry on the measurement cross-section along with the location of the stations 1-
1 

--+. 

2 ' Time series of integrated transport and properties derived from measurements at four stations on 
L.-:". ~ control section (see fig 1): 

(a) Volume transports in m3 
S-l, directly observed total transport Q (dotted) and tidal 

transport Qt derived from equation 5 
(b) Salinity averaged over the section 
(c) Total nitrogen in gm-3 averaged over the section 

3 ) Hypsometry derived by regression: 

(a) plot of Q versus d1)/dt for depth range 2.0 < 1) < 2.5 m 
R2=O.93; Area=slope = 30.9 km2 

(b) composite plot of regression slope A =surface area in km: versus elevation fl. 

-+ I 25 hour running mean values of: 

(a) the covariance pQ,St 

(b) the covar iance QtN t 
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Table 1 

. Period 1: 31 cycles Period 2: 16 cycles 

mean s.e. mean s.e. units 

S 29.13 29.57 

pQtSt -17.3 46.1 -69.0 45.9 kgs-1 

Qf 0.58 1.54 2.28 1.51 m3s· 1 

N 0.36 0.40 gm-3 

QtNt 0.3 12.0 -16.3 13.5 gs-I 

QrN 0.20 0.57 0.91 0.60 gs-I 

Table 1 Summary of flux estimates 

s is in practical salinity unirs(i.e. dimensionless) 
s.e. = standard error determined from: 

a 
s.e.· -

rn 

where (J = standard deviation and n = 16 = number of independent estimates of the 25 
hour averaged covariance. 

The total nitrogen flux estimate is in units of gs-l of total nitrogen. 
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