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Dimension effects of enclosures on ecological processes in pelagic systems
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Abstract

Several characteristics inherent to experimental ecosystems were examined for their influence on ecological
processes in five cylindrical indoor benthic–pelagic enclosures of different size and shape. Ecosystem development
diverged significantly among the mesocosm dimensions even though environmental parameters such as surface
photosynthetically available radiation (400–700 nm), turbulence intensity, water exchange rate, and nutrient input
were held constant across systems. Here we show that factors that lead to the development of different plankton
assemblages can be related to mesocosm geometry. The ratio of light-receiving surface area-to-water column volume
(As : V) was shown to control both the rate of NO consumption and gross primary productivity. The attenuation2

3

of water column irradiance was positively correlated with the wall area-to-volume ratio (Aw : V). This was manifested
in greater light attenuation in systems with a high Aw : V ratio. In addition, notably greater microalgal biomass
developed on the walls in systems with a high Aw : V ratio. Finally, the total surface area-to-volume ratio (At : V)
of the mesocosms influenced the rate of energy gain and dissipation and water column temperature. The differences
in temperature among dimensions possibly affected biological parameters such as bacterial biomass. Although the
influence of area-to-volume effects on biological components in artificial systems may be substantial, our analysis
indicates that some of these effects may be predictable and that future experiments can be explicitly designed to
minimize artifacts of enclosure.

Experimental ecosystems (mesocosms) are often used to
examine ecological interactions and they allow investigators
to observe one discrete body of water for a sufficient length
of time to characterize nutrient fluxes and trophic interac-
tions (Lalli 1990; Oviatt 1994; Glibert 1998). Mesocosms
are particularly useful in studies of energy and material
transfer from one trophic level to another, in studies of in-
teractions between plankton and benthic communities, and
in studies of chemical or biogeochemical transformations of
nutrients or pollutants (cf. Takahashi et al. 1975; Parsons et
al. 1978; Elmgren et al. 1980; Grassle and Grassle 1984;
Oviatt et al. 1987; Doering et al. 1989; Egge and Aksnes
1992; Heiskanen et al. 1996).

Nevertheless, it is well recognized that artifacts and con-
straints of experimental enclosures pose limitations on how
readily results can be extrapolated from artificial to natural
systems (Pilson and Nixon 1980; Brockmann 1990; Oviatt
1994). Experimental systems are inherently limited in their
ability to reproduce nature accurately through omission of
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higher trophic levels or water column structure (Carpenter
1996). In addition, ecosystem couplings can be influenced
by two types of enclosure effects, fundamental scaling ef-
fects and artifacts of enclosure (Petersen et al. 1997). Fun-
damental scaling effects can be attributed to characteristics
such as depth that are common to all ecosystems, whereas
artifacts of enclosure are characteristics of experimental sys-
tems that differ from natural ecosystems (Petersen et al.
1997).

A commonly used criterion for the design of mesocosm
systems is that some variables, e.g., the sediment area-to-
volume ratio or water exchange rate, should be similar to
the natural system to which data will be applied (i.e., Nixon
et al. 1980; Oviatt et al. 1987). However, regardless of scal-
ing similarities between enclosed systems and their natural
counterparts, biological parameters in enclosures very often
behave differently than the same parameters in natural sys-
tems (French and Watts 1989; Oviatt et al. 1980, 1989; Axler
and Reuter 1996). In enclosures of differing physical scales,
food web dynamics may be affected to varying degrees, cre-
ating trophic interactions that differ with dimension and dif-
fer from those of a natural system (Kuiper et al. 1983; Ste-
phenson et al. 1984). A characteristic artifact that can
produce such imbalances includes the large wall area-to-vol-
ume ratio of many enclosures; the growth of material on
walls has been shown frequently to dominate rate processes
of the pelagic phytoplankton (Kroer and Coffin 1992; Oviatt
1994; Chen et al. 1997). In an effort to understand whether
results from experimental systems of very different physical
proportions can be compared when treatments are similar, a
study was undertaken to quantify variability in biological
parameters resulting from differences in physical scale and
associated enclosure artifacts. Environmental variables such
as room temperature, photosynthetically available radiation
(PAR), and turbulence intensity were held constant, whereas
physical dimensions such as radius and depth of the enclo-



1332 Berg et al.

Fig. 1. Mesocosm schematic (drawn to scale). Constant depth series (a, c, e) depicted horizon-
tally and constant shape series (b, c, d) depicted vertically.

sures were varied. In the present analysis, we examined the
influence of horizontal surface area-to-volume ratio (As : V),
wall area-to-volume ratio (Aw : V), total surface area-to-vol-
ume ratio (At : V), and artificial lighting of five different di-
mension enclosures on nitrogen consumption, bacterial pre-
dominance, wall, and water column chlorophyll biomass.

Materials and methods

Enclosure design—A 4-week experiment was conducted
in the spring of 1994 at an indoor mesocosm facility located
at Horn Point Laboratory, University of Maryland. Cylin-
drical enclosures of five distinct combinations of depth and
diameter, each with three replicates, were used (Fig. 1). The
enclosures were identified as dimensions A, B, C, D, and E
in order of increasing diameter (Table 1). They were orga-
nized into two series: the constant depth series was designed
to examine radius effects, and the constant shape series was
designed to examine the combined effects of radius and
depth. The enclosures in the constant depth series (dimen-
sions A, C, and E) were of identical water column depth (1
m), whereas the constant shape series (B, C, and D) had a
constant ratio of radius : depth (Fig. 1). The C dimension was

common to both series. The mesocosm Aw : V ratio was in-
versely related to the radius of the mesocosms and increased
in the order of E, D, C, B, and A (Table 1). All systems
were constructed of Sun-Litet, a white fiberglass-reinforced
glazing material (Kalwall Inc.). Illumination was provided
by cool-white fluorescent lights and incandescent bulbs on
a 12 : 12 light : dark cycle. The mean PAR was 277 mE m22

s21, and the range in PAR was 246–314 mE m22 s21 (Table
1). Mixing was provided by paddles attached to a polyvinyl
chloride rod rotating 4 h on and 2 h off during the entire
time course. Rotation rates were selected to simulate the tur-
bulence intensities associated with a semidiurnal tidal cycle
in Chesapeake Bay (Sanford 1997). The root-mean-square
turbulent velocity, uRMS, a proxy for turbulence intensity, was
conserved across dimensions based on enclosure mixing
configurations (Table 1; Sanford 1997). This mixing regime
resulted in minimal resuspension of bottom sediments, and
turbidity due to nonphotosynthetic particles was therefore
low throughout the experiment (Petersen et al. 1997).

Sediment composition and water exchange—To each me-
socosm, 10 cm of sediment was added in the form of a
mixture of commercial sand and sediment from the Chop-
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Table 1. Physical parameters of mesocosms.

Physical parameter

Mesocosm

A B C D E

Volume (m3)
Depth (m)
Radius : depth
Top surface area : volume (m21)
Wall area : volume (m21)

0.10
1.0
0.18
1.0

11.3

0.10
0.5
0.56
2.1
7.51

1.00
1.0
0.56
1.00
3.60

10.0
2.1
0.56
0.46
1.64

10.0
1.0
1.78
1.0
1.12

Total surface area : volume (m21)
Mixing time (min)
Turbulence intensity (cm s21)
Surface PAR (mE m22 s21)
*Light attenuation coefficient, Kd (m21)

13.3
4
2

246
1.43

11.7
4
2

291
1.36

5.6
12

2
314

1.09

2.6
39

2
248

0.73

3.1
15

2
288

0.82

* Mean coefficient of diffuse downwelling attenuation of PAR measured during the time course.

tank River, a subestuary of Chesapeake Bay. Prior to the
experiment, the sediment mixture was collected in a com-
mon tank, allowed to go anaerobic to reduce the abundance
of benthic infauna, and homogenized by mixing with shov-
els. After mixing, the sediment slurry contained 1% organic
matter. The mesocosms were filled incrementally with sed-
iments and water to minimize heterogeneity among systems.
The systems were left to equilibrate for several days before
the start of the experiment. Next, the mesocosms were
drained and filled with Choptank River water (salinity 8‰).
Larvae, polychaete worms, and small crustacea were includ-
ed in the initial fill water, while fish and other predators were
excluded. Over time, amphipods and barnacles became the
dominant predators in these systems. After a period of 24 h,
the lights and mixers were turned on in the tanks and sam-
pling began after 72 h. For the remainder of the experiment,
10% of the water volume in each tank was exchanged daily
with ,2-mm filtered Choptank River water.

Biological parameters—During the time course, all 15
mesocosms were sampled twice weekly for nutrient concen-
trations, chlorophyll a (Chl a), particulate carbon and nitro-
gen (PC and PN), and bacterial abundance. Dissolved nutri-
ents (NH , NO , and Si[OH]4) were analyzed immediately1 2

4 3

following filtration through precombusted GF/F filters, on a
Technicon AAII autoanalyzer using standard methods (Zim-
merman et al. 1977; Whitledge et al. 1981). Chl a was de-
termined with a Turner Designs fluorometer on samples
stored frozen at 2208C until extraction in 90% acetone.
Samples for PC and PN were collected on 25-mm precom-
busted GF/F filters (4508C for 2 h) under low vacuum (,100
mm Hg) and stored frozen (2208C) until dried and analyzed
on a Control Equipment CHN analyzer (within 2–3 weeks).
Heterotrophic bacteria, preserved in glutaraldehyde (1% fi-
nal concentration), were enumerated by acridine orange di-
rect counts (Hobbie et al. 1977) using a Zeiss Axiophot epi-
fluorescence microscope equipped with a blue exciter filter.
Bacterial carbon biomass was estimated by multiplying bac-
terial abundance by a factor of 20 fg C cell21 (Lee and Fuhr-
man 1987). Microalgal wall growth was determined by mea-
suring Chl a concentration on vertical strips made of the
same fiberglass material as the walls themselves, attached to
the walls of the mesocosms. The strips were put up at the

beginning of the experiment and taken down the day after
the experiment ended. The attached biomass was scraped off
with a razor, and Chl a concentrations were measured using
the same method as with water column Chl a (Chen et al.
1997). Rates of gross primary productivity (GPP) were de-
termined for 17 points during the 4-week time course by
measuring dawn–dusk–dawn changes in O2 using polaro-
graphic electrodes (Petersen et al. 1997).

Environmental parameters—Irradiance measurements
were made using two separate approaches. Daily measure-
ments of the photon flux density of PAR (the number of
photons in the 400–700-nm waveband incident per unit time
on a unit surface) were taken vertically along several points
in each mesocosm using a LiCor SPA-QUANTUM hemi-
spherical 2p sensor connected to a LiCor LI-1000 data log-
ger. The diffuse downwelling attenuation coefficient, Kd

(m21), was calculated for each mesocosm from the slope of
the linear regression of log-transformed changes in PAR
with depth. Surface PAR did not give an accurate measure
of total incident irradiance, as much of the incandescent light
energy was not accounted for in the 400–700-nm range.
Thus, in addition to PAR measurements, total incident irra-
diance in the 200–50,000-nm range was measured with a
thermopile light sensor (Eppley Laboratory).

Temperature measurements were logged continuously on
a diel cycle in each mesocosm with in situ thermisters
throughout the time course.

Statistical analyses—All statistical analyses were made
using Statistical Analysis Systems (SAS) software (SAS In-
stitute). The effect of mesocosm type on nutrient consump-
tion and biomass accumulation over time was investigated
using repeated-measures analysis (Crowder and Hand 1990).
The effect of mesocosm type on light attenuation and mi-
croalgal wall growth was examined using analysis of vari-
ance (ANOVA). Means were compared using the least sig-
nificant difference approach. Measures of variance were
reported as 61 standard error (SE).

Results

General trends in nutrient and chlorophyll concentra-
tions—Throughout the experiment, nutrient concentrations
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Fig. 2. Representative time course of changes in NH , NO ,1 2
4 3

Si(OH)4, and Chl a concentrations from dimension C. Error bars
represent 61 standard deviation of three replicate mesocosms.

Table 2. Probability values calculated for testing effects of treat-
ment (differences among mesocosm dimensions), time, and treat-
ment 3 time interaction (n 5 120) on silica, NH , NO , and Chl1 2

4 3

a using repeated-measured analysis.

Source of variation Silica NH1
4 NO2

3 Chl a

Treatment
Time

Treatment 3 time

0.0085
0.0001
0.0001

0.0003
0.0001
0.0001

0.0001
0.0001
0.0001

0.0045
0.001
0.0557

Table 3. Linear regressions between bacterial carbon fraction
versus total incident light energy (W m22); diel temperature range
(8C) versus total incident light energy; wall microalgal biomass (mg
Chl liter21) excluding dimension D versus Aw : V ratio (m21); and
mean gross primary productivity, GPP (mg O2 liter21 d21), versus
net NO depletion (mM).2

3

Regression variables Slope r2

Bacterial fraction versus total light
Diel temperature versus total light
Wall microalgae versus Aw : V
GPP versus net NO depletion2

3

0.00075
0.022
3.17
0.108

0.89*
0.81*
0.99†
0.98†

* Significant correlation at P,0.05.
† Significant correlation at P,0.01.

in the 10% daily exchange water remained fairly consistent.
Median concentrations of nutrients in the fill water were 64
mM NO ; 0.4 mM NH ; and 31 mM Si(OH)4. During the2 1

3 4

first 5 d of growth, NH and Si(OH)4 declined rapidly in all1
4

the mesocosms, concurrent with the initial bloom of phyto-
plankton (Fig. 2). During the same period, concentrations of
NO decreased by varying amounts depending on mesocosm2

3

dimension. As with rates of nutrient depletion, the timing of
the peaks in chlorophyll biomass varied among dimensions
(data not shown). Consequently, nutrient and Chl a concen-
trations differed significantly among dimensions as exam-
ined using repeated-measures analysis (Table 2).

Nutrient dynamics and gross primary productivity—Net
water column NO depletion (difference in nutrient concen-2

3

tration between days 1 and 26) and mean GPP, a measure of
net primary productivity and respiration, were significantly
correlated across dimension (Table 3). Net NO depletion2

3

was greatest in dimension B (60 mM) followed by dimension
E (42 mM), corresponding with peaks in GPP of 6.5 and 4
mg O2 liter21 d21 in B and E, respectively (Fig. 3a). There
was a 5.2-fold range in GPP among the dimensions in the
constant shape series (B–D), while the range in mean GPP
among the dimensions in the constant depth series (A–E)
was 1.4-fold. Although differences within the constant depth
series were small, there were significant differences between
dimensions A and E in both net NO depletion and GPP.2

3

Dimension C fell in between and was not significantly dif-
ferent from either A or E.

In the present and several subsequent mesocosm experi-
ments, sediment–water nutrient fluxes were found to be min-
imal. During this experiment, net fluxes of the major nutri-
ents NH and PO were into the sediments in all1 32

4 4

dimensions, while NO was the only nutrient with a net flux2
3

(15 mM m22 h21) into the water column (Cornwell et al.
unpubl. data). Direct rates of NO uptake in the water col-2

3

umn were greatest in dimensions E and C (rates of 15N up-
take to be reported elsewhere). In comparison, the rate of
NO uptake was 50% less in dimension B, while net NO2 2

3 3

depletion was 32–40% greater than in dimensions E and C
(Table 4).

Changes in chlorophyll biomass and light intensity—Chl
a concentrations peaked in dimensions E and B, 19.4 and
17.4 mg Chl liter21, respectively. These concentrations were
significantly higher than the peak concentration in dimension
D (Fig. 3b). Mean Chl a concentrations were greatest in the
constant depth series (range 6.67–7.99 mg Chl liter21). In
this series, mean Chl a did not differ significantly among
dimensions (Fig. 3b). Mean Chl a differed significantly be-
tween the constant depth series and dimension D.

Microalgal biomass on the walls was normalized per unit
mesocosm water volume according to Chen et al. (1997),
where the biomass expressed per m2 wall area was multi-
plied by the total wall area (m2) and divided by volume (m3)
of the respective dimensions to give microalgal Chl a per
unit water column volume (mg m23 or mg liter21). By the
end of the time course, dimension D had the highest con-
centration of wall microalgal biomass (56 6 30 mg Chl li-
ter21), followed by dimensions A and B (Fig. 3c). In dimen-
sions C and E where water column Chl a biomass was more
comparable to wall microalgal biomass, wall Chl a peaked
at 18 and 11 mg Chl liter21 and water column Chl a averaged
concentrations of 7 and 8.5 mg Chl liter21, respectively (Fig.
3b,c). With the exception of dimension D, there was a sig-
nificant relationship between Chl a and the Aw : V ratio of
the mesocosms (Table 3).

Heterotrophic influence—Compared with differences in
absolute mean bacterial abundance (;30% among dimen-
sions), the fraction of the total particulate material (measured
by CHN analysis) composed of bacteria was estimated to be
a more accurate indicator of bacterial influence among di-
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Fig. 3. (a) Net NO depletion (mM) and mean GPP (mg O2 liter21 d21) versus mesocosm dimension. (b) Mean Chl a and peak Chl a2
3

concentrations (mg Chl liter21) versus mesocosm dimension. (c) Microalgal biomass on the walls (mg Chl liter21) versus mesocosm dimen-
sion. (d) Fraction of bacterial carbon : total particulate carbon versus mesocosm dimension. (e) Total incident light energy (W m22) and diel
temperature range (8C) versus mesocosm dimension. (f) Mean light attenuation coefficient, Kd, obtained during the time course and in
filtered water versus mesocosm dimension. Error bars in all six panels represent 61 standard deviation of three replicate mesocosms.

Table 4. Range in time averaged rates of NO uptake (r) and2
3

net NO depletion (DNO ) 6 standard error of three replicate me-2 2
3 3

socosms.

Dimension *r (mM NO h21)2
3 DNO (mM)2

3

A
B
C
D
E

0.149 6 0.005
0.092 6 0.011
0.187 6 0.006
0.154 6 0.018
0.187 6 0.016

24.77 6 0.97
57.35 6 1.33
34.87 6 2.63
10.57 6 0.67
39.37 6 1.33

* A trace amount of NO was added to a 500-ml sample that was incubated2
3

for 1 h in a polycarbonate bottle. Incubations were terminated by filtration
through GF/F filters. Filters were prepared and analyzed by mass spec-
trometry according to Glibert et al. (1991). Uptake rates were calculated
according to Glibert and Capone (1993).

mensions. Total particulate carbon varied around 600 mg C
liter21 in all dimensions except in dimension E where the
mean concentration was 1,000 mg C liter21 (Fig. 3d). Bac-
terial carbon biomass (estimated from bacterial abundance)
as a fraction of the total particulate carbon was 35% greater
in dimension B compared to dimensions C and E (Fig. 3d).
The variability in bacterial carbon biomass normalized to
total particulate carbon among mesocosm dimensions cor-
related well with variability in total incident light energy
(Table 3).

Irradiance and temperature variability—In these systems,
total incident light energy showed a greater than twofold
range among the different mesocosm types. Dimensions A
and B received the most total light energy, up to 300 W m22,
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while C, D, and E received the least (Fig. 3e). Similar to the
trend in total incident light energy, mean daily water tem-
perature showed a decreasing trend in the order B . A 1
C . D 1 E (data not shown). An eightfold difference in the
diel water column temperature range resulted from differing
rates of energy gain and dissipation depending on mesocosm
dimension. The diel temperature range was maximal in di-
mension B (4.58C) and minimal in dimension D (0.568C)
(Fig. 3e). Greater than 80% of the variability in the temper-
ature range among the systems was explained by differences
in total incident energy (Table 3).

Water column light field (Fig. 3c), denoted by PAR at
mid-depth (PARz0.5), was not correlated significantly with
either mean or peak water column Chl a concentrations or
with wall microalgal Chl a (P . 0.5). The attenuation of
PAR with water column depth related positively to meso-
cosm dimension, denoted by the Aw : V ratio (Table 3). Light
attenuation coefficients, Kd (m21), calculated for each di-
mension from measurements of PAR made when the me-
socosms were filled with filtered water, were similar to those
calculated from PAR measured during the experiment (Fig.
3f).

Discussion

It has long been recognized that a chief concern with me-
socosm studies is the large ratio of Aw : V and the artifacts
that this poses in terms of wall growth in close contact with
the water column (cf. McAllister et al. 1961). One way to
avoid this problem is to implement whole-ecosystem studies
in lakes or oceans (cf. Carpenter et al. 1995). However, un-
like limnological ecosystem studies, whole ecosystem-scale
fertilization experiments to study interactions in marine eco-
systems are not readily feasible for both financial and en-
vironmental reasons. While the iron fertilization experiments
in the equatorial Pacific have proven a notable exception to
this rule (Coale et al. 1996), large-scale fertilization exper-
iments cannot be safely employed to study nearshore eco-
system interactions. As coastal systems are being affected
increasingly by land-based nutrient inputs, marine meso-
cosms are emerging as a powerful tool to study these effects
on coastal plankton communities.

In the present study, results from estuarine mesocosms of
different physical proportions were compared to quantify
variability in plankton dynamics. In addition, biological and
environmental parameters in the mesocosms were compared
with parameters in a natural estuarine system. Higher trophic
levels such as gelatinous zooplankton and fish were excluded
from the study. Ecosystem differences were manifested by
differences in chlorophyll biomass, wall growth, gross pri-
mary productivity, bacterial carbon biomass as a fraction of
total particulate biomass, and rates of nutrient utilization.
The differences in these biological parameters with system
shape and size scaled not only with the wall area-to-volume
ratio but also with the horizontal surface area-to-volume ra-
tio and with the total surface area-to-volume ratio.

Surface area-to-volume ratio—Gross primary productiv-
ity was closely coupled with NO depletion, indicating that2

3

the processes consuming NO , whether they occurred in the2
3

water column or on the walls, were dominant in terms of
driving GPP in the mesocosms. Both mean GPP and net
NO depletion scaled linearly with the As :V ratio of the sys-2

3

tems (Fig. 4a) that controlled the average light field, PARz0.5.
Thus, dimensions with the larger As : V ratio were more pro-
ductive (i.e., B) than dimensions with a smaller As : V ratio
(i.e., D). Within the constant depth series, GPP increased
proportional to PARz0.5 in the order A, C, E.

In addition to differences in the water column light field,
differences in the relative biomass of grazers among dimen-
sions may also have influenced productivity. Dimension B,
which experienced the greatest overall rates of GPP and low
Chl a concentrations, evidenced 2.5–4-fold greater copepod
biomass (mg C liter21) compared with the other dimensions
(Roman et al. unpubl. data). The pattern in dimension B was
consistent with that observed in natural communities where
high rates of primary productivity result from zooplankton
grazing and other losses due to sinking and physical ex-
change that continually reduce phytoplankton standing
stocks (Banse 1992; Landry et al. 1997).

The interactions between light intensity, productivity, and
grazing observed among the dimensions appeared to reflect
interactions observed in coastal plankton communities. Di-
mension B developed in a manner similar to a typical sum-
mer community dominated by picoplankton and high rates
of grazing and productivity (cf. Glibert et al. 1991; Bode
and Dortch 1996). In contrast, dimensions A, C, and E de-
veloped in a manner similar to a spring community where
the high biomass of diatoms may result in a lower water
column light intensity and lower rates of productivity com-
pared to a typical summer community (Glibert et al. 1995;
Malone et al. 1996).

Wall area-to-volume ratio—Mesocosm geometry figured
substantially in the vertical attenuation of light (Fig. 4b).
This contrasts with a natural system where the majority of
light is typically partitioned among phytoplankton, dissolved
constituents, and water (Kirk 1994). Part of the close cor-
relation between light attenuation and mesocosm shape
could be explained by the decrease with depth in the solid
angle, v (the angle through which the flux of downwelling
irradiance is detected). The rate of the decrease in v was
dependent on enclosure design and was a function of the
distance of the overhead lighting and enclosure radius (Fig.
5). Similar to the relative differences in Kd, the decrease in
v was inversely proportional to enclosure radius (Fig. 5b).

The range of mesocosm Kd (0.7–1.44 m21) was within the
range observed in Chesapeake Bay (Kd ranging between 0.6
and 1.6 m21 in spring and 0.4 and 0.9 m21 in summer; Gli-
bert et al. unpubl. data), but the relationship between Kd and
mesocosm water column light field was not intuitive. For
example, dimension B had a larger Kd compared with di-
mension D, but the net effect of a greater water column
depth in the latter dimension was a lower PARz0.5 than in
the former dimension. PARz0.5 was lower in the narrow,
deeper dimensions (A and D) compared with the wide, shal-
low dimensions (B and E). In the narrow dimensions, there
was no significant relationship between Chl a and Kd (r2 ,
0.008, P . 0.8), suggesting that vertical attenuation of PAR
was minimally influenced by phytoplankton biomass. Con-
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Fig. 4. (a) Net change in NO and mean GPP as a function of mesocosm As : V ratio. Dashed2
3

line: mean GPP 5 2.96(As : V) 1 0.244, r2 5 0.94, P , 0.01; solid line: DNO32 5 26.88(As : V) 1
3.496, r2 5 0.86, P , 0.05. (b) Mean light attenuation coefficient, Kd, in filtered water (dark square)
r2 5 0.99, slope 5 0.077, intercept 5 0.465, P , 0.01; and during the time course (open square)
(n 5 10) r2 5 0.89, slope 5 0.068, intercept 5 0.743, P , 0.05; as a function of mesocosm Aw :
V ratio. Solid line indicates confidence interval for Kd in filtered water, and broken line indicates
confidence interval for Kd during the time course. (c) Change in light energy (LE) and in the
bacteria : particulate carbon fraction as a function of mesocosm At : V ratio: LE 5 11.66At : V 1
128.8, r2 5 0.8, P , 0.05. (d) Exponential increase (Rt 5 0.61e[0.1453At : V]) in diel temperature range
(Rt) with mesocosm At : V ratio.

versely, in dimensions B and E, Kd varied significantly with
changes in Chl a (P , 0.02), implying that a portion of the
variability in Kd was attributable to phytoplankton rather
than mesocosm geometry.

Growth of microalgae on the walls of the mesocosms (Fig.
3c) also influened light attenuation. However, compared to
the effect of wall flora on pelagic processes (cf. Chen et al.
1997), the effect of wall flora on Kd was too small to be
observed in our data. The influence of wall growth on nitro-
gen depletion and GPP was particularly evident in dimension
D. Here, biomass accumulation at the wall exceeded that
predicted based on mesocosm Aw : V ratio, and wall GPP
exceeded water column GPP (Chen et al. 1997). In this di-
mension, phytoplankton NO uptake was consistent with2

3

rates in the other dimensions, yet net NO depletion over2
3

the course of the experiment was minimal. This was unex-
pected based on the amount of wall flora present, suggesting
a source of NO to the system. This source could partly be2

3

explained by nitrogen mineralization processes in the sedi-
ments. Due to the depth of the water column, dimension D
had the lowest light intensity at the sediment surface (;20%
Io). Based on the observed flux of NO out of the sediments2

3

and nitrogen mass balance calculations, we infer that nitri-
fication may have contributed substantially to the total
NO input, fuelling a dramatic increase in wall growth. The2

3

pattern of increased microalgal wall growth in dimension D
was repeated in subsequent experiments (Chen et al. 1997).

Total surface area-to-volume ratio—In the present study,
there was a lack of correlation between bacterial abundance
and size of the system, primary producer biomass, or grazers
(P . 0.05). When bacterial abundance was normalized to
carbon biomass in the phytoplankton size range, the majority
of variability in the bacterial fraction was attributable to dif-
ferences in total light energy among mesocosm dimensions
(Table 3; Fig. 3d,e).

We suggest that the close coupling between total incident
light energy (W m22) and bacterial predominance was related
to the heat emitted from the incandescent lights used during
this study. Incandescent lighting from tungsten bulbs is hot-
ter and emits more energy in the infrared than cool-white
fluorescent lights. The combination of cool-white fluorescent
and incandescent bulbs probably produced a gradient of light
biased toward the red with a high rate of absorption by water
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Fig. 5. (a) Illustration of the change with depth in angle, v, through which the downwelling
irradiance from the overhead light banks is detected in a mesocosm. (b) Decrease in v with depth
as a function of dimension.

of the energy greater than 600 nm (cf. Nelson and Prézelin
1990; Kirk 1994). Greater incident total light energy resulted
in a proportionally greater input of longer wavelength light,
some of which likely contributed to heating up the water
surface. The heating effect was most evident in the systems
with a large At : V ratio (dimensions A and B) where the
water warmed up more rapidly during the day when lights
were on and cooled more rapidly at night when the lights
were turned off (Fig. 4c,d).

The uncoupling of bacterial abundance with resource pa-
rameters observed in the present study contrasted with dy-
namics in several other enclosure studies (cf. Bjørnsen et al.
1988; Painting et al. 1989; Riemann et al. 1990) and in the
natural environment. Over shorter time scales, bacterial
abundance and production typically track phytoplankton pro-
ductivity, abundance, or both (Lancelot and Billen 1984;
Malone et al. 1986; Bratbak et al. 1990; Simon et al. 1992);
this relationship is thought to be driven by the release of
dissolved organic carbon (Derenbach and Williams 1974;
Cole et al. 1982). In the enclosures, bacterial abundance and
autotrophic biomass were coupled in a subsequent time

course where the incandescent bulbs were removed and only
cool-white fluorescent bulbs were used.

Summary—A distinct advantage with ecosystem studies
in experimental enclosures is that they allow investigators to
study the development of the same assemblage over time.
In enclosures of different dimensions, ecosystem develop-
ment may diverge although initial conditions are the same.
In the present study, pelagic processes within dimension E
appeared to be least affected by enclosure effects and com-
pared most easily to a natural analog such as Chesapeake
Bay. This dimension demonstrated the highest amount of
productivity per unit As : V; hence, it was the only system in
which the pelagic community was not dominated by rate
processes occurring at the walls. A likely contributing factor
was the enhanced light availability and primary producer
biomass compared to the other dimensions. In addition to
light availability, productivity, Chl a concentration, and bac-
terial/total particulate carbon fraction in this dimension com-
pared well with Chesapeake Bay (Table 5). As presented
here, our results imply that trophic interactions between en-
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Table 5. Comparison of biological parameters in dimension E to the midstation of Chesapeake
Bay.

Dimension
E

Chesapeake Bay

Spring Summer Source

Productivity (mg O2 liter21 d21) 4 5 7–8 Smith and Kemp 1995
Chl a (mg liter21) X 5 8 18–45 8–16 Malone et al. 1986; Shiah and

Ducklow 1994; Glibert et al.
1995

PARz0.5 (mE m22 s21) 200 299 343 Jones et al. 1990
Bacteria : PC 0.29 0.17–0.21 Estimated from values reported

in Malone et al. 1986; Shiah
and Ducklow 1994; Glibert
et al. 1995

closures of varying dimensions may diverge as the influence
of area-to-volume effects on biological components varies.
However, the fact that these effects can be consistent may
allow investigators to design future mesocosm studies to
minimize certain artifacts of enclosure.
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