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ABSTRACT
The hydraulic residence time (or flush ing rate of
water) is a key variable for any aquatic ecosystem
and is used in many types of models and calcu la-
tions. Rather than being measured directly, the
hydraulic residence time is usually inferred from
estimates of watershed size, precipitation , and water
yield. Such estimates can be problematic in any
environment but are especially so in environments
in which flat or complex topography makes delinea-
tions of mapped watershed boundaries difficu lt to
discern . We added lith ium bromide, (LiBr) to three
small seepage lakes in the flat topography of the
Upper Peninsula ofMichigan to provide an indepen-
dent estimate of the water residence time. Water
residence time [volume/ (outflow 1 evaporation)]
averaged 921 6 381 (SD) days among lakes and
years and ranged from 400 to 1661 days at the
extremes. This variation was not clearly related to
year-to-year variation in precipitation , which was
relatively constan t [0.26 6 0.06 (SD) cm day (d)21].

The addition of the tracer (along with measure-
ments of lake volume) enabled us to estimate,
independent from other hydrologic information ,
the flow of water leaving the lakes in seepage plus
surface outflow. This value, in conjunction with
measurement of precipitation and evaporation , en-
abled us to calcu late complete water budgets for
these lakes. Among lakes and years, the groundwa-
ter input averaged 0.48 6 0.36 cm d21 and ac-
counted for 57% 6 19% of total water input. This
estimate was larger by 150% than that obtained by
multiplying precipitation (minus estimated evapo-
transpiration) times a mapped value of the water-
shed areas. Our analysis enables us to calcu late the
relative sign ificance of groundwater and precipita-
tion for solu tes such as phosphorus, hydrogen ion ,
and dissolved organic carbon .
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INTRODUCTION
An importan t variable for any aquatic ecosystem is
the hydraulic residence time or flush ing rate of
water. The amount of time that water resides in a
lake controls the amount of time available for
critical biological and chemical reactions to occur. A
good example of residence-time dependence is the
relationsh ip between the concentration of total
phosphorus (TP) in the water and the input of TP

from the watershed:

3Pm 4 5 Lp/qs311 1 Zm/qs20.54 (1)

where Pm is the average concentration of TP in the
lake (µM), Lp is the loading rate of P to the lake per
unit surface area [µmol P m22 year (y)21], qs is the
annual load of water expressed per unit area of lake
surface (m y21), and Zm is the mean depth of the
lake. The quotien t Zm/qs is the water renewal time of
the lake, equivalen t to the flush ing rate, r, used by
Dillon and Rigler (1974) and others. Because chloro-
phyll a can be predicted from [Pm], th is equation , or
modifications of it, have been used extensively in
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