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Importance of the microbial food web in large lakes (USA)
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Introduction

The 1raditional view of foad web struciure catego-
rizes all organisms within an ecosystem into one of
several feeding guilds {le. primary  producers,
decomposers, herbivores, and consumers), where
energy is ransferred from once guild to the nexe (Liv-
DEiaN 1942). The biomass of these guilds decreases
geomerrically with successive trophic levels to form a
pyramid, with a large biomass of plants at the base
{(Erron 1927). Mewbolic inefficiencies. such as
excretion and sloppy feeding, produce significant
losses at each trophic level, with the grearest loss at
the highest crophic level (RicH & Wetzr1 1978).

Deviavions  trom  this  paradigm  have been
described for planktonic communities in the ocean,
where the biomass of heterotrophic organisms can
rival phytoplankeon, thus indicating a tight coupling
berween plants and amimals {e.. Obum 1971}
However, our view of food web srructure in aquatic
ceosystems Is being furcher revised based upon the
knowledge that small heterotrophic organisms are
more quantitatively important than  previously
thought {Azam et al. 1983]. Recent technological
advances now allow more accurate censusing of nat-
ural microbial populations, as well as measurcinent
of their high rates of metabolic activiry (Kemp et al.
1993}, Furthermore, large concentrations of non-liv-
ing pools of organic carbon and detritus are com-
mon features of aquatic ecosystems, and appear to be
responsible for fueling 4 portion of this high micro-
bial metabolic activity (e.g. DUCKEOw 1994), Tn this
way. organic wastes produced at all levels of the food
chain are avatlabie to suppore significant levels of
heterotrophic production, that can often rival rates
of primary production {e.g. Scavia 1988).

Despite this, comprehensive measures of het-
erotrophic plankien are scarce, thus making ir diffi-
cult to draw inferences about their relative contribu-
tion to planktonic food web strucrure. Herein we
present information about the planktonic food web
structure in four large lakes in the Unired States.
QOur objectives are: (1) to cstimate the biomuss of
heterotrophic  pico-, nano-, and microplankion

among lakes using rigorous microscopic cnumera-
tion techniques: (2) to measure the variation in
microheteroirophic biomass through time (season)
and space {depth); and (3} to put forch a hypothesis
concerning the role of microheterotrophs in the
plankton of large lake ecosystems. Qur findings indi-
cate that the biomass of microheterotrophic plank-
ton was large in all the lakes we studied, with Hpico
(bacteria) representing the largest fraction of het-
crotrophic biomass and exhibiting the least variance
in time and space,

Materials and methods

Lake sampling

A total of four large lake ecosystems from two major
geographic regions in the Unired Seates of America
{remperate and subalpine} were sampled during the
1987-1996 period. All samples were taken ac a rep-
resentative offshore stadon in each lake. Tn the 5t
Lawrence chain ol Grear Lakes, Lakes Huron and
Michigan were sampled monthly during December
1986-November 1987, The subalpine lakes, Crater
Lake (Oregon) and lake ‘lzhoe {Califor-
nia—Nevada), were sampled on 25 July and 1 August
in 1996, respectively.

On each sampling date, water column tempera-
ture and light profiles were measured with cither an
electronic  hathythermograph or Seabird SBE-19
CTD. All water samples were collected using opaque
5-1. Niskin bortles from the surface depths {5 m)
during isothermal mixing periods and at 6 10 m
depths during thermal seracification. Chlorophyll «
conegentrations were determined luorometrically on
extracted samples (STRICKTAND & Paksons 19721,
Duplicate subsamples were transferred into 250-mL
amber botdes and preserved wich ghuraraldehyde and
Lugol’s solution for subsequent microscopic analyses
tboth 1% final cone,).

Microscopic analysis of the microplankton com-
munity
The biomass and composition of microheterotrophic
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Fig. 2. Spatial distribution of microhetcrocrophic (M1E) biomass with depth in the water column of Lakes

Michigan and Tihoe, and Crater Lake.

Lake, Hnano and Hmicro were scarce through-
out the water column, making up 12% of MH
biomass.

Discassion

The large lake environment
The four lakes investgated here represent some of
the largest and deepesr lakes in the world (11zrpes-
ool 1982}, Lakes Huron and Michigan are ranked
Sth and 6th according to the Heroivvorr (1982)
ordinadon of lakes with the Jargest surface, Crater
[ake and Lake Tahoe are ranked 8th and 11th
among the lakes wirh the deepest maximum deprh.
A trophic gradient was evident among these
four lakes, although collectively chey can be
described as low productivity lakes wirth high
water clarity. Crater Lake and Lake Tahoe can
be characterized as ulcraoligotrophic systems,
while Lakes Huron and Michigan are consid-
ered oligo- to mesotrophic (Wrtven 1983), In
Crater Lake, water column chlorophyll concen-
trations arc some of the lowest measured in any
lake in the world, and associated light transpar-
encies are also some of the deepest on record
{Horne & Goroman 1994), These chlorophyll
and light transmission values are comparable to
those observed in the ultraoligotrophic open
oceans (Wirv11 1983). lLake Tahoe is most
likely ultraoligotrophic to oligotrophic, with

higher chlorophyll concentrations compared
with Crater Lake. In addition, studies by GorLp-
MaN (1988} show char the photic zone in Lake
Tahoe appears (o be shrinking, as indicated by a
decline in scechi depth of 7 m over the past 20
years; such changes appear to be the result of
anthropogenic influences within the lake’s basin
{c.g. land clearance, human wastes). Lakes
Huron and Michigan support higher water col-
umn chlorophyll concentrations and more shal-
low sccchi depths (8 20 m}; these levels are
indicative of mesotrophic lake conditions {Fari-
NENSTEEL et al. 1998).

Variation in microbeterotrophic biosnass in time
and space

The factors that explain variation in the distri-
bution of microheterorrophs in aquatic ccosys-
tems arc difficult to ascerrain, perhaps as a
result of the coniplex mix of top-down and bot-
tom-up interactions thac influence these organ-
isms. Thus, it is not surprising that the strength
of the trophic coupling berween bacreria and
Hnano is not consistent among ecosystcins
(Gasor & Vagur 1993). However in Lake
Michigan, Tlpico and Ppico abundances are
kept in close check by Hnano grazing (Scavia
& Larny 1987, Tannenstik. eval. 1991, respec-
tively), and changes in Hnano biomass are cor-
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related  with Hpico biomass (Carmics &
FAnNENsSTITL 1989). CAarrick (1990} was able o
account for much of the tempaoral variation in
Hnano and Hmicre abundance by balancing
growth with grazing losses to mesozooplankton,
suggesting that relatively tight coupling must
exist between MH and larger metazoa.

‘The existence of subsurface micrnheterotraph
maxima is not uncommon, and may be linked
to higher prey ahundances at depth (Boori et
al. 1993). Subsurtace MH maxima have been
tvpically observed in both fresh- and salowater
ccosystems with sufficient light penetration to
support a DCL {e.g. Werzen 1983), and these
environments usually support very diverse and
plentiful phototrophic assemblages (e.g. Fann-
ENSTIED & Scavia 1987, CaspeeLL ec al. 1994),
[n the lakes we siudied, MH biomass was nearly
two times higher in the vicinity of the DCL
compared with surface blomass (ratio of 1.7
deeprsurface MH biomass). Tt seems likely chat
MH in these lakes are responding to changes in
prey abundance, ather than Hpico which were
relatively constant with depth. More recent
studies indicate that Hnano and Hmicro proba-
bly graze on algae in addition to bacteria, and
thus may not rely strictly on bacteria for food
(GasoL & Vaour 1993).

Microbial food web structure in large lakes: a
SHIAry
‘T'he biomass of MH in all four lakes was large
and appears to represent a significant fraction of
pl’l}’r()plankt(ln l)i()rl‘l:lss il'l ﬂi‘l(.-h ()F tht'SC CC()S}'S—
tems, suggesting thar microheterotrophs are sig-
nificant components of the pelagic food web.
For instance, the range in MH biooass in the
surface waters of Lakes Huron and Michigan
(68-84 pg L'} is comparable o the range in
phvioplankion carbon  commonly  observed
throughout the year in Lake Michigan (50-100
pg O L TanNmnerier & Scavia 19873, This
pattern has been observed in the World's occans
te.g. Buorh et al. 1993}, and suggests that
large recentive systems, a close march beoween
photowrophic and  heterotrophic  biomass s
probably common (Gason cral. 1997).

Or the MH size classes we examined, Hpico
thacteritt constituted the greatest portion of

Biotic processes in large lakes

MH biomass and the lowest amplitude of varia-
tion along both temporal and spadial scales
examined here. Similar distribution patterns
have been observed in both freshwater and
marine systems. For instance, CanpselL e al.
{1994) measured nearly constant Hpico biom-
ass with depth in cthe North Pacific Ocean that
was comparable to phototrophic biomass. Pick
& Caron (1987) found thar Hpico were the
most abundant MH throughout the vear and
with depth in Lake Ontario. A complete analy-
sis of the summer planktonic food web in all
five of the St. Lawrence Grear Lakes revealed
that Hpico constitute approximately 40-50%
of the total microheterotrophic biomass (Fatin-
EnsTIEL et al. 1998). Hence, constancy in this
relatively large pool of Hpico biomass may act
as a stabilizing agent to ccosvstems through the
regeneration of nutrients and as a food source
for a variety of heterotrophic organisms (Ricn
& WerzrL 1978, Durokrow 1994).
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