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OVERVIEW ON PROGRAMS 

A. Introductory Background: 

The exponentially increasing exploitation of existing fossil fuel resources 
has exerted unprecedented pressure upon the freshwater environment, both 
immediately adjacent to and remote from sites of acquisition. Many effects are 
direct and immediate, e_.j». carriage and dispersion of spoilage, contamination 
of surface and groundwaters with mobilized metals, nutrients, and organic 
compounds. Other effects are displaced and delayed, £.£. thermal enrichment 
of surface waters resulting from combustion and shifting rates of mobility, 
dissocation, and degradation of inorganic and organic compounds. It is 
important that â  firm understanding of biogeochemical cycling and control 
mechanisms be known in order to fully evaluate the impact of necessary 
utilization of fossil fuel upon surface waters. 

The Principal Invesitgator initiated an integrated program of investiga
tions on the qualitative and quantitative cyling of particulate and dissolved 
organic matter in the late 60s under this contract with the Department of 
Energy (formerly AEC and ERDA). Interactions of dissolved organic matter with 
inorganic nutrient cycling and regulation of the photosynthetic and decomposi-
tional metabolism of micro- and macroflora remains the focal point of these 
studies. Major efforts are directed towards (1) the sources, fates, pathways, 
and interactions of dissolved organic matter in inorganic chemical cycling; 
(2) allochthonous sources, metabolism en route, and inputs to the lake systems 
of increasing stages of eutrophication; and (3) the relationships of these 
compounds to the nutrient physiology and metabolism of phytoplankton,. sessile 
algae, macrophytes, and bacterial populations of the littoral zones and 
wetlands of the drainage basin. 

B. Summary of Research in Progress: 

Analyses of regulatory mechanisms of growth and rates, of carbon cycling 
center on evaluation of quantitative control interactions among (1) the 
microflora of the pelagial zones of several lakes of progressively greater 
eutrophy, (2) littoral photosynthetic producer-decomposer complex, and (3) 
allochthonous inorganic-organic influxes and their biotic processing. The 
underlying thesis of the P. I. is that quantification of the dynamic carbon 
fluxes among these components and their rate control mechanisms by physical 
and chemical factors are fundamental to elucidation of the rate functions of 
lake eutrophication. 

A major portion of the present research and that of the past contract 
year has been directed towards the fate and nutrient mechanisms regulating 
qualitative and quantitative utilization and losses of organic carbon synthesize 
within lakes and their drainage basins. It has become increasingly apparent 
that the wetland and littoral flora, and attendant epiphytic and benthic 
microflora, have major regulatory controls on bjogeochemical cycling of whole 
lake systems. A major effort on factors regulating the metabolism of littoral 
macrophytes and attached algae has been coupled to integrated studies on their 
decomposition and the fate of detrital dissolved and particulate organic matter. 
These organic products are being coupled to influences on enzymatic activity 
and inorganic nutrient cycling. 
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The progress statements summarized below cover the integrated activities 
of Wetzel's programs. Portions of the studies are augmented by research 
activities of doctoral candidates and post-doctoral research associates, not 
all of whom are supported by this DOE contract. Most aspects of these 
interrelated studies are inseparable from the overall objectives. The contract 
of the Department of Energy, however, continues to be the primary sponsor 
that permits the integrated program to function effectively. 

I summarize salient aspects of these investigations, much of which is 
treated in detail in the accompanying publications, preprints, and manu
scripts of the current term. Several phases of the studies have been completed, 
analyses are finished, and the results are being interpreted. Other aspects, 
such as metabolism of wetland macro- and microflora, chemical loading dynamics 
and interactions of nutrients, etc. are continuing. Certain facets of the 
investigations discussed in the last Annual Reports (COO-1599-139 and COO-1599-
153) are briefly reiterated here for continuity. 

. Integrated Programs in Progress on Organic Biogeochemistry and Lake 
Metabolism 

These continuing investigations focus on integrated studies of the qualita
tive and quantitative cycling and metabolism of particulate and dissolved organic 
carbon in lakes and their inflow sources (surface and subsurface). Emphasis 
is placed on the sources, fates, and interactions of dissolved and particulate 
organic matter in relation to: (a) inorganic chemical cycling, (b) allochthonous 
loading to the lake system, and (c) the coupled nutrient physiology and metabolism 
of phytoplankton, bacterial populations, macrophytes, and attendant sessile 
algal-bacterial communities. Regulatory mechanisms of growth and rates of 
carbon and nutrient cycling are being evaluated among the (a) inorganic-organic 
influxes of allochthonous sources as they are controlled by wetland-littoral 
communities, (b) the littoral photosynthetic producer-decomposer complex, and 
(c) the microflora of the pelagial zone. Quantification of carbon fluxes among 
these components and control mechanisms is fundamental to elucidation of the 
rate functions of lake eutrophication. The integrated studies addressing these 
multifaceted objectives are summarized in the following detailed outline. 

ALLOCHTHONOUS SOURCES, CYCLING, AND OUTFLOW OF PARTICULATE AND DISSOLVED ORGANIC 
MATTER AND INORGANIC NUTRIENTS 

A. Background: 

Previous investigations of the allochthonous organic matter influents to 
Lawrence Lake (Wetzel and Otsuki, 1974) showed marked changes in the dissolved 
(DOC) and particulate organic carbon (POC) as the water traversed through the 
inlet streams to the lake. These seasonal changes were directly related to the 
development and metabolic activity of the stream macroflora and their attached 
microflora. That annual budget was extended to a second annual cycle in which 
the incoming dissolved organic matter was fractionated into molecular weight 
groups and evaluated chemically. 
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" Analyses of the composition of dissolved organic matter and major ca t ions 
were completed in 1977. Results under natural conditions were remarkably 
s imi lar to those found under experimental controlled condit ions in the greenhouse 
(Wetzel and Manny, 1972, 1977). Dis t inct seasonal va r i a t ions were found in the 
removal ra tes of incoming allochthonous cations and organic compounds. Low 
molecular weigbt (MW) compounds were effect ively at tenuated and decomposed a t 
nearly a l l periods of the year except during the massive senescence of marsh 
vegetat ion in lake summer and in early spring a f t e r ground thaw. Large MW 
organic compounds responsed d i rec t ly to p rec ip i t a t ion events and inf luent 
var ia t ions a l l year except when the stream macrophytes, ep iphyt ic microflora, 
and epipel ic microflora were growing maximally in summer. These data a re 
being analyzed a t the present time (Wetzel). 

These invest igat ions are now being coupled with fur ther de ta i l ed input 
analyses of surface and seepage influxes of organic compounds from marsh 
systems (see following) as well as the studies of benthic metabolism within 
the marsh gradients (discussed l a t e r ) . 

B. Results and Conclusions/Progress: 

1. Detailed discharge and chemical const i tuents of surface and . 
groundwater drainage (12 wel ls , 5 weir s i t e s ) of primary watershed 
drainage analyzed every 3 days (18 months). 

2. Discharge greates t during autumn and ice-melt in spr ing . 
3. Daily var ia t ions in discharge, large and coupled to storm events 

in ice-free period. 
4. Inorganic and organic compounds loading and re lease are d i rec t ly 

coupled to : 
a. The in tens i ty of p rec ip i ta t ion events 
b . The development of wetland and l i t t o r a l vegetat ion 

seasonally 
5 . The wetland marsh interface zone functions as a n u t r i e n t "pump" 

source for DOC (dissolved organic carbon), DON (dissolved organic 
ni t rogen, and t o t a l dissolved phosphorus and a source or ' s i nk ' 
for NHt,+-N and cations (Ca, Mg, K, Na). 

6. Retention/release i s governed to a large extent by the seasonal 
metabolism and development of marsh vegetation and i t s degradation. 

7. DON loading occurs largely in pulses with increased groundwater 
levels during storm events . 

8. Dissolved inorganic nitrogen (DIN) i s : 
a- Largely (95%) NO3-N 
b . Relatively constant in discharge 
c. The wetland functions as a sink during much of the growing 

season 
9. The mineralization studies demonstrated rapid degradation ra tes 

of low molecular weight dissolved organic compounds. 
10. Residual DON and DOC predominated DOM enter ing and leaving wetland 

zones 
a. C/N ra t ios were always large (>25) 
b . Degradation of DOM predominating i s r e l a t i v e l y r e s i s t a n t , high 

in molecular weight (>3500). 
c . In s i t u mineralization ra tes of protein-N and amino-N by 

sediment microflora of the wetlands showed very rapid 
metabolism of amino-N (T =0.8 hr) and slower for protein-N 
(Tt=25 h r ) . 

d. Protein-N mineralization conforms to the k i n e t i c s of 
polymer degradation 
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e. Utilization of amino-N was 9 to 5 7 times greater than 
protein-N by wetland sediments 

11. Detailed evaluations of dissolved phosphorus of allochthonous 
sources are being analyzed from primary inlet streams, diffuse 
marsh inflow, and subsurface seepage inflow through the sediments. 
These analyses are being coupled to simultaneous studies alkaline 
phosphatase dynamics, cyclic adenosine 3':5'-monophosphate 
dynamics, and humic-phosphate losses in the pelagial zone (see 
discussions, Part IV). 

C. Publications of the contract pertaining to these facets include [numbers 
in parentheses refer to the listing of contract publications following 
the narrative]: 

Otsuki and Wetzel, 1974 (57) 
Otsuki and Wetzel, 1974 (61) 
Wetzel and Otsuki, 1974 (56) 
Wetzel and Manny, 1978 (94) 
Wetzel and Manny, 1977 (96) 
Cunningham, 1977 (106) 
Cunningham and Wetzel, 1978 (99) and (101) 
Cunningham and Wetzel, 1978 (121) 
Cunningham and Wetzel, 1979 (123) 
Cunningham, 1979 (131) 
Wetzel, 1979 (139) 
Wetzel, 1980 (152) 

III. LITTORAL-WETLAND METABOLISM: PHYSIOLOGICAL ECOLOGY, POPULATION DYNAMICS, 
DECOMPOSITION, AND INFLUENCES ON ORGANIC-INORGANIC LOADING TO LAKES 

A. Introductory Background: 

Much of the recent past and current efforts of the DOE contract 
focuses on the extremely complex roles of the wetland and littoral 
metabolism in controlling the biogeochemical cycling and loading capacity 
of inorganic and organic compounds to recipient lakes. The wetland-
littoral flora and associated microflora clearly play fundamental roles 
in the regulation of lake metabolism and, as a result, the rates of 
eutrophication and lake ontogeny. 

Knowledge of the operation of wetland-littoral components of lakes 
is extremely sparse and incomplete. In our studies, it is clearly 
apparent that inroads must be made at a combination of many levels — 
physiological, especially in relation to nutrient controls of metabolism, 
population and community growth dynamics of macroflora, controls of 
macrofloral growth and dynamics, senescence controls, and rates of 
decomposition of dominant macrovegetation under controlled and simulated 
natural conditions. Finally, it is apparent that the dissolved organic 
matter released from the wetland-littoral zones of lake ecosystems is 
critical to the regulation of nutrient biogeochemical cycling and physio
logical availability for use and population succession and productivity 
of phytoplankton. Significant progress has been made in the past year's 
investigations in all of these areas of study. 
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B. Physiological Ecology of Submersed and Emergent Aquatic Angiosperms 

1. C0_2~ HCO3 availability effects on photosynthetic rates, photorespiration, 
and extracellular release of dissolved organic compounds in 
submersed angiosperms 

a. Results of our studies thus far have demonstrated: 
i. Photorespiration is coupled to CO2 availability 
ii. Glycolate synthesis is enhanced by low C02 availability 
iii. A unique method was developed to measure photorespiration 

in aquatic plants, and simultaneously release of secreted 
dissolved organic compounds 

iv. Photorespiration (PR) is higher in afternoon in a diel 
light cycle and results in depressed rates of net 
photosynthesis at this time of day 

v. Excreted organic carbon (EOC) is 2x higher at the peak 
of photorespiration 

vi. PR is greater in fall (annuals) and winter (perennials) 
than in summer during maximum growth 

vii. PR reduces net photosynthesis by as much as 50% of 
potential photosynthesis in several submersed macrophytes 

viii. If submergents can utilize HCO3"" l n addition to CO2, 
photosynthetic efficiency is increased. 

ix. Submersed angiosperms cannot reduce total aqueous CO2 
concentrations much below air equilibrium levels. 

x. The C4 biochemical pathway, of potential adaptive value to 
submersed macrophytes in continual C02_limited 
environments, was not found in over 40 species of submersed, 
floating, and emergent aquatic plants. 

xi. Enzymatic activities and ratios of phosphoenolpyruvate 
carboxylase (PEP-case) and ribulodiphosphate (RuDP) activities 
are directly related to abilities to utilize CO2 and HCO3"" 
as carbon sources 

xii. PEP-case and RuDP-ase ratios vary seasonally in a predictable 
pattern, coupled to C-fixation rates and photosynthetic 
efficiencies. 

xiii. A differential CO2 and CO2 uptake method was developed 
to permit the magnitude of recycling of photorespired CO2 
in the internal gas lacunae of submersed angiosperms. 

xiv. About 30% of CO2 of PR was found to recycle internally in 
Scirpus subterminalis in the lacunal system, partially 
compensating for PR reductions of net photosynthesis. 

xv. Internal CO2 concentrations are highly variable in submersed 
angiosperms, and low in floating-leaved and emergent macro
phytes. The CO2 levels fluctuate directly with photosyn
thesis in submersed plants. 

xvi. Carbonic anhydrase activities are consistently low in submersed 
plants and very high in floating, rooted floating-leaved, 
and emergent aquatic plants. 

b. Publications of this contract pertaining to these facets: 

Wetzel, 1969 (7) 
Wetzel, 1969 (8) 
Allen, 1969 (17) 
Wetzel and Allen, 1971 (19) 
Allen, 1971 (30) 
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Rich, Wetzel, and Thuy, 1971 (20) 
Hough and Wetzel, 1972 (38 and 40) 
Hough and Wetzel, 1972 (47) 
Wetzel and Manny, 1972 (41) 
Wetzel, et al., 1972 (48) 
Wetzel and Hough, 1973 (54) 
Hough, 1973 (59) 
Hough, 1974 (66) 
Hough and Wetzel, 1974 (62) 
Hough and Wetzel, 1975 (69 and 74) 
Barko, Murphy, and Wetzel, 1976 (79) 
Barko, Murphy, and Wetzel, 1977 (80) 
Wetzel, 1976 (86) 
McKinley and Wetzel, 1976 (83) 
McKinley, Ward, and Wetzel, 1977 (93) 
Hough and Wetzel, 1976 (89) 
Hough and Wetzel, 1977 (97) 
Hough and Wetzel, 1978 (105) 
Wetzel, 1979 (112) 
Grace and Wetzel, 1978 (113) 
Wetzel and Penhale, 1979 (119) 
Wetzel, 1979 (124) 
Sondergaard and Wetzel, 1979 (130) 
Weaver, 1979 (132) 
Weaver and Wetzel, 1980 (133) 
Zieman and Wetzel, 1979 (135) 

Gas transport internally in aquatic macrophytes and coupling to 
root/rhizome metabolism and excretion of dissolved organic matter 

Studies continued on the internal lacunal gas reservoirs, changes 
in gas composition in relation to photosynthetic metabolism, and 
compensatory biochemical mechanisms to accommodate anoxia of the 
sediments. All experiments were conducted in situ or under controlled 
conditions in partitioned chambers in which roots/rhizomes and leaves 
of intact plants are separated. 

a. Results of the continuing studies thus far may be summarized 
as follows: 
i. Internal CO2 levels in submersed angiosperms were 

uniformly higher than in emergent macrophytes. 
ii. Oxygen produced in photosynthesis diffuses rapidly 

internally to meet the high respiratory demands of the 
root/rhizome tissues. Some oxygen of the water can 
diffuse to internal lacunal spaces and diffuse downward. 

iii. Experiments with two species of cattail (Typha latifolia 
and T. angustifolia) are demonstrating that oxygen 
diffusion downward to rooting tissue is directly coupled 
with photosynthesis. Release to the sediments occurs 
which creates an oxidized microzone around the rooting 
tissue, reducing toxicity of fermentative metabolic 
endproducts of anaerobic microflora of the sediments. 

iv. Artificially preventing the diffusion of oxygen to the 
rooting tissue from the leaves causes an immediate shift 
to anaerobic metabolism and subsequent death if prolonged. 
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v. Enzymatic compensatory mechanisms are in effect in 
rooting tissue: 
(a) Without photosynthetic inputs of oxygen, an 

accumulation of ethanol is rapid and quickly 
reaches toxic levels. 

(b) We found little evidence for the shunting of 
pyruvate in the terminal stages of glycolysis 
to lactate. 

(c) Under normal photosynthetic conditions, carbon 
of glycolysis is largely shunted off from PEP 
and stored as malate which is non-toxic. In 
this manner ethanol toxicity is avoided. 

(d) Under dark conditions, however, short-term ethanol 
production occurs under conditions of internal 
anaerobic respiration. 

(e) We found no evidence for the possible carbon 
shunt to shikimic acid via a shikimate pathway. 

vi. Approximately 10% of organic carbon fixed in photosynthesis 
is released as EOM from both the leaves and roots. 

vii. When the plants are actively growing, a greater percentage 
is released from the older tissues than from apical tips 
of foliage. 

viii. Rates of EOM release are coupled directly to photosynthesis 
and photorespiration of the macrophytes - EOM release 
increases in the afternoon concomitant with decreased 
photosynthesis and increased photorespiration. 

ix. Rates of EOM release from the roots are about the same 
under aerobic or under anaerobic conditions. 

x. CO2 from root respiration diffuses internally through 
lacunae to the leaves and is fixed in photosynthesis. 
At least 30% of the photosynthetic carbon can come from 
this source under certain conditions with some species . 
Poorly rooted species, such as Myriophyllum, obtain 
less CC2 from root structures than occurs in plants with 
well-developed rooting tissue. 

xi. It is improbable that significant CO2 from root/rhizome 
respiration is transported internally and utilized in 
photosynthesis among emergent macrophytes; this is in 
contrast to the transport found in some submersed angiosperms. 

xii. in Scirpus subterminalis some 30% of CO2 produced by 
photorespiration and mitochondrial respiration is 
recycled internally in lacunal spaces and refixed photo-
synthetically. The same is true for Najas flexilis. 

b. P ublications of this contract pertaining to these facets: 

Hough and Wetzel, 1978 (105) 
Wetzel, 1979 (124) 
Wetzel and Penhale , 1979 (119) 
S{5ndergaard and Wetzel , 1979 (129) 
Weaver and Wetzel , 1979 (133) 
Gorham and Wetzel , i n p r e p a r a t i o n 
Wetzel , in p r e p a r a t i o n 
Sale and Wetzel , in p r e p a r a t i o n 
Beer and Wetzel , i n p r e p a r a t i o n 
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3. Emergent macrophyte population structure, dynamics, and productivty 

a. To evaluate the production-senescence dynamics of dominant 
wetland vegetation of the Lawrence Lake ecosystem, weekly 
analyses of the spatial and seasonal population dynamics were 
make for a two-year period (continuing). Included are: 

i. Individual labelled Typha plants, over 2000, in m2- plots 
along gradient transects 

ii. Growth and production of each shoot analyzed for 
biomass by systematic harvesting and organic weight 
(ash-free dry wt) determinations, segregation into living 
shoots, standing dead biomass, fallen litter. 

iii. Biomass analyses, as above, extended to >200 1/4-m plots 

b. Typha populations emerged as three distinct cohorts in both 
growing seasons. 

c. Productivity of Typha directly coupled to cohort structure 
and mortality; mortality of cohort I is complete, partial in 
cohort II, and zero in cohort III. Cohort III dominates the 
following year's productivity. 

d. All data have been entered into our computer (8 months' labor) 
for analytical computation of cohort structure, productivity 
analyses by the Allen curve integration method for populations 
with high mortality and turnover rates, and loading rates for 
the decomposition studies (see below). These analyses are in 
progress at this writing. 

e. Publications of this contract pertaining to these facets: 

Dickerman and Wetzel, 1980 (143) 
Dickerman and Wetzel, 1980 (3 lengthy papers in preparation) 

4. Population dynamics, competition, and photosynthetic resource 
allocation of the dominant herbaceous, perennial macrophytes 
(Typha latifolia and T_. angustifolia) of the wetlands of the 
Lawrence Lake ecosystem. 

Since the cattail forms the dominant emergent macrophyte of so 
many littoral wetlands of lakes, including the primary site of research 
under this contract, an intensive analysis of their population dynamics, 
growth, resource allocation, and competitive success was initiated in 
1978. These investigations are essential to evaluation of organic 
loading inputs to lake systems and inputs to the decomposition analyses 
of macrophytes (see discussion in later sections). Detailed analyses 
of these populations should have significant predictive applicability 
to not only this ubiquitous species elsewhere, but to other herbaceous 
perennial species as well. 

a. Detailed photosynthetic resource allocation in Typha in leaves 
rhizomes, roots, reproductive structures, seeds, and lateral 
shoots-rhizomes (vegetative reproduction) were determined in 
three populations in the Lawrence Lake ecosystem: 
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i. Sparse nutrient-limited populations of the eastern wetland; 
ii. Dominant, nearly monospecific stand of the primary western 

wetland; and 
ii. Shaded residual population within willow woods of the 

western wetland. 
iv. Plants were pulse labelled with CO2 weekly throughout 

a growing season to permit an estimation of annual alloca
tion to roots and rhizomes under the differing conditions 
of intraspecific competition of the 3 wetlands. 

v. At the end of the growing season tillers were harvested, 
dried, separated into structural and non-structural 
fractions of organic carbon, combusted to C02 using an 
oxidizer and radioassayed by liquid scintillation. 

vi. Ratios of annual production of foliage to resource alloca
tion to rooting tissue permitted estimations of annual 
below-ground production, one of the most difficult parameters 
to measure in wetland ecology. 

The low density eastern marsh population (OPEN) of T_. latifolia 
suffered high mortality of ramets over winter and had rapid 
growth in ramet numbers during the growing season. In contrast, 
the shaded marsh population (WOODS) suffered predominantly from 
growing-season mortality with little death over winter. The 
primary monospecific western population (CATTAIL) was inter
mediate in growing-season mortality patterns to the other two 
populations (see cohort structure in Section 3 above). 

Tissue nutrient analyses and fertilization experiments revealed 
that T_. latifolia in the OPEN marsh was principally nutrient 
(nitrogen) limited while that population of the WOODS was light 
limited. The CATTAIL marsh population was exposed to intermediate 
nutrient and light conditions as compared to the other popula
tions and had the highest productivity in overall real measures 
(high density stands). 

Field studies of C fixation and allocation showed that both 
sexual and vegetative reproduction consisted of greater percen
tages of biomass production in the OPEN marsh population (per 
individual plant) than in the CATTAIL or WOODS marsh populations. 

Ramets in the CATTAIL and WOODS western marsh populations 
allocated a greater percentage of their fixed carbon to growth 
of the parent ramet. 

Allocation to rooting tissue was greatest in the OPEN eastern 
marsh population and experiments showed this response to result 
from low nutrient availability. 

Leaf biomass was a fixed percentage of the total biomass under 
all conditions but the leaf volume/leaf weight ratio was greatest 
in the shaded WOODS marsh population. 

Detailed shading experiments revealed that the differences in 
leaf volume/leaf weight were principally the result of light 
availability. 
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Experiments, in which wind exposure of the unprotected OPEN 
eastern marsh population was reduced, showed that decreased wind 
exposure also contributed to the high leaf volume/leaf weight 
ratios. 

Differences in biomass allocation under experimental uniform 
garden conditions indicated that biotypic differences exist 
among populations such that habitats exposed to high levels of 
disturbance contained biotypes with high allocation to sexual 
reproduction. 

In contrast, the Typha biotype from the habitat with the most 
intense level of density stress (WOODS-CATTAIL marsh biotype) 
allocated more biomass to root production, a trait important 
for competition. 

Experimental transplantation of biotypes of Typha into natural 
habitats showed that under nutrient limiting conditions the 
WOODS-CATTAIL marsh biotype was more productive than the OPEN 
marsh biotype. 

i. This difference resulted from differences in allocation 
patterns whereby the OPEN biotype allocated a greater 
percentage of biomass to rhizome storage for sexual 
reproduction. 

ii. The WOODS-CATTAIL biotype, in contrast, allocated more to 
root growth. 

iii. Under light-limited conditions no differences in pro
ductivity between biotypes occurred. 

It was concluded that both genotypic and phenotypic variation 
in biomass allocation of Typha contribute to the growth and 
reproduction over a broad range of habitats differing in 
successional maturity. 

Further field experiments are in progress to explore the habitat 
differences between Typha latifolia and T_. angustifolia in 
experimental ponds in which the two species co-occur. Primary 
objectives include conclusively demonstrating the role of 
competition in habitat separation and the underlying patterns of 
resource allocation which underlies this separation. 

i. Controlled experiments compare the physiological factors 
underlying the carbon allocation patterns of the two 
Typha species. 

ii. Growth rates are manipulated to evaluate effects on the 
allocation patterns while simultaneously following changes 
in plant population dynamics. 

Publications of this contract pertaining to this facet: 

Grace and Wetzel, 1978 (113) 
Grace and Wetzel, 1979 (126) 
Grace, 1980 (146) 
Grace and Wetzel, 1980 (147) 
Grace, 1980 (154) 
Grace and Wetzel, 1980 (3 additional papers in preparation) 
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Utilization of inorganic nutrients and organic compounds by macrophytes and 
epiphytic microflora as lake influent water passes through the littoral complex. 

a. Chemical parameters were analyzed daily for two months in water from the 
primary inlet stream of Lawrence Lake before and after passing through 
replicated experimental littoral systems containing natural stands of 
submersed Scirpus subterminalis and of Myriophyllum heterophyllum. 
Epiphytes were left intact on the plants. 

b. Stoichiometrically equivalent amounts of Ca"̂ * and of HCO3 ions were 
precipitated as CaC03 in large quantities as a direct function of the 
photosynthetic activity of the macrophyte-epiphyte complex. Reductions 
of 40-45% of Ca"^ and HC03~ occurred in passage of. water through 1 meter 
of the littoral complex; Mg++ was relatively unaffected.. 

c. [Na ] was unaffected by the Scirpus complex but increased somewhat (8%) 
in outflow from the Myriophyllum complex. [K*~] decreased markedly 
(>30%) in water passing through the Myriophyllum complex. These results 
are in agreement with physiological analyses (M. spicatum) which showed 
(using labelled Rubidium as a K analogue) uptake kinetics at rates 
similar to that found in natural conditions. 

d. Combined nitrogen was relatively unaffected by passage through the 
photosynthetically active littoral complexes. 

e. Soluble organic carbon of influent water increased markedly during and 
following precipitation events (rainfall or during snowmelt). Both 
macrophyte complexes were extremely effective in dampening the dissolved 
organic matter influxes; only slight increases appeared in outflow 
water after passing through the metabolically active littoral complexes. 

f. The littoral plant systems removed large amounts of dissolved organic 
compounds, most of which were of high molecular weight (90% >1000 and 
70% >10,000 daltons). 

g. Release of large molecular weight compounds increased markedly as the 
macrophytes began to senesce. 

h. Detailed experiments were undertaken in which * C-labelled refractory 
organic compounds of aquatic plant origin, separated chromatographically 
into humic and fulvic acids were administered to littoral systems of 
different plant species and to control systems without macrophytes. The 
pathways of the labelled refractory compounds were followed in the 
water inflow and outflow, the plant foliage and roots, epiphytes, and 
the sediments. 

i. While much of the refractory dissolved organic compounds 
moved through the littoral complexes, reductions occurred 
from the Scirpus system and increases in the. <1000 dalton 
fractions from the Myriophyllum system. 

ii. Particulate organic carbon was effectively decreased by both 
plant systems. 

iii. Much refractory dissolved organic carbon was found associated 
with the macrophyte tissue; greater activity was associated 
with the roots than the shoots. 
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iv. Epiphytes contained a considerable fraction of the labelled 
dissolved organic carbon and much of this fraction was 
associated with precipitated CaC03. 

v. Greater labelled refractory DOC of sediments was associated 
with precipitated CaC03 in the plant-containing systems 
than in sediment control systems. 

i. Publications of this contract pertaining to these facets: 

Mickle and Wetzel, 1977 (103) 
Mickle and Wetzel, 1978a (108) 
Mickle and Wetzel, 1978b (109) 
Wetzel, 1979 (112) 
Mickle and Wetzel, 1979 (120) 
Cunningham and Wetzel, 1979 (123) 
Cunningham, 1980 (131) 
Mickle and Wetzel, 1980 (In preparation) 

6. Decomposition in littoral wetlands and movement of metabolic endproducts. 

a. Detailed previous studies of benthic community respiration in the 
Lawrence Lake ecosystem demonstrated a majority of the organic 
degradation is occurring in sediments rather than the water. This 
process relationship, contrary to contemporary dogma, was studied 
later in a number of North American lakes and found to be similarly 
operational. In the course of these and subsequent studies on the 
decomposition of dominant algae and macrophytes, it became apparent 
that much further understanding was needed on the (1) loading 
characteristics of particulate and dissolved organic matter both within 
the lake system, the littoral and adjacent wetland components, as well 
as from allochthonous terrestrial sources; (2) the factors controlling 
productivity of these dominant plant communities; and (3) factors 
influencing the degradation and release of gaseous, particulate, and 
soluble metabolic endproducts. 

b. Major experimental studies were undertaken to gain basic understanding 
of degradation rates under fundamental environmental parameters (e.g. 
temperature, available electron acceptors, etc.) of both the particulate 
especially the dissolved organic compounds released during decomposition. 
These results have been previously delineated in detail in the last 
Technical Progress Report (COO-1599-153 and attached publications). 

c. The work demonstrated a likely general principal of operation, namely 
that the variety of conditions of temperature and electron acceptor, 
especially oxygen, availability that commonly occur in a temperate 
dimictic lake causes pulsed decomposition of the annual production of 
littoral vegetation. The metabolism of carbon of aquatic macrophytes 
is displaced in time and space (sites of degradation), and a stable, 
continuous input of energy (largely via the dissolved organic compounds) 
forms the foundation of a complex detrital dynamic structure upon which 
the lake metabolism is primarily dependent [cf. Wetzel, 1979 (112)]. 
Eutrophication, promoting increased production of littoral and wetland 
emergent vegetation, causes decomposition processes to be less efficient, 
resulting in increased reducing conditions, sedimentation, and emergent 
plant development (Wetzel, 1979). The result is a cyclical, reinforcing 
process that is fundamentally coupled the chemical structure of enhanced A development of emergent vegetation. i» 
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d. Further analyses of the chemical composition during degradation of emergent, 
floating leaved, and submersed aquatic macrophytes have been undertaken 
in two long-term studies: 

i. All of the fractions of dissolved and particulate organic 
matter from the analyses of macrophyte decomposition are 
being subjected to Curie point pyrolysis in direct combination 
with low-voltage mass spectrometry in collaboration with 
colleagues at the FOM Institute for Atom and Molecular Physics 
in Amsterdam. By means of these techniques we are able to 
follow the degradative changes in proteins, celluloses, hemi-
celluloses, polysaccharides, sterols, and especially lignin 
derivatives (carboxylic acids, phenolic substances) during 
decomposition under the various conditions of the environment. 
Specific compounds are identified by pyrolysis mass spectrometry 
in combination with gas chromatrography. The hundreds of analyses, 
resulting in such mass distribution spectra, are currently under 
analysis with computer separation and identification for final 
interpretation (Boon, Wetzel, and Godshalk,. in preparation). 
These data are providing a unique dimension to our experimental 
analyses by identification of total organic composition up to a 
mass of 200 and how these compounds change during decomposition. 
Key compounds isolated will be coupled to experiments on their 
effects on enzymatic activities and pelagial bacterial and phyto-
plankton metabolism (see below, Section IV). 

ii. In the marsh community, above-ground senescent Typha biomass 
exists predominantly in one of two phases: (a) intact standing 
but senesced shoots of the emergent macrophyte . ('standing dead'),. 
or (b) interred plant tissue either on or in the sediments ('fallen dead'). 
Material in the standing dead compartment is either decomposed 
to gaseous endproducts or is gradually transferred into fallen 
dead. Similarly, senescent biomass in the fallen dead compartment 
is either degraded into simpler dissolved organic compounds or 
gaseous end products or is permanently interred intact into the 
sediments. The degradation process of senescent Typha tissue 
is being closely followed in both the 'standing dead' and 'fallen 
dead' compartments. 

iii. Young Typha shoots were pulse-labelled with CO2 so that the 
individual fates of lignin, cellulose and hemicellulose can be 
followed. The use of radioactive tracers allows the decomposition 
end products and intermediates, as well as turnover times of these 
three compounds to be more precisely determined. Rates of evolution 
of radioactive and nonradioactive gases (CO2, CHi+), from the 
senesced lltC-labelled shoots are being monitored in both biomass 
compartments using specially designed in situ chambers. 

iv. Gases evolving from the jin situ decomposing Typha shoots are being 
collected in six clear, gas-tight acrylic chambers and analyzed 
for 14C02, ^CHit, CO2 and CH4. While CH4 is not a direct product 
of carbohydrate dissimilation, anaerobic decomposition of carbo
hydrate material is generally accompanied by production of both 
CHi+ and C02- Organic acids produced anaerobically from degradation 
of cellulose and hemicellulose are among the reactants in methano-
genesis. Hence, methane production is a relative indicator of 
anaerobic processing intensity. Analyzing for radio- and nonradio
active gases yields information on overall microbial metabolism 
as well as decomposition of the labelled tissues. 
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v. Eighteen interstitial water samplers, each containing four 
sampling wells, have been constructed using a modification 
of Hesslein's design. Three interstitial water samplers are 
fitted through the perforated shelf of each of the six gas 
sampling chambers. The six chambers are positioned in the 
sediments so that the shelves are beneath and parallel to 
the sediment-water interface. Once positioned, the six chambers 
remain in the field for the duration of the study. 

vi. At the conclusion of each gas-sampling period, samples of 
labelled Typha are collected to analyses of cellulose, 
hemicellulose, lignin, and their degradation products. 
Carbon to nitrogen ratios are also being analyzed in the 
tissue over time. 

e. Publications of this contract pertaining to these aspects: 

Godshalk and Wetzel, 1976 (82) 
Godshalk and Wetzel, 1977 (98) 
Godshalk and Wetzel, 1977 (104) 
Godshalk, 1977 (107) 
Cunningham, 1977 (106) 
Cunningham and Wetzel, 1977 (99) 
Cunningham and Wetzel, 1978 (101) 
Wetzel and Otsuki, 1974 (56) 
Wetzel and Manny, 1977 (96) 
Godshalk and Wetzel, 1978a (114) 
Godshalk and Wetzel, 1978b (115) 
Godshalk and Wetzel, 1978c (116) 
Wetzel, 1979 (112) 
Richey, et al., 1978 (124) 
Cunningham, 1980 (131) 
Dickerman and Wetzel, 1980 (144) 
Glime and Wetzel, 1980 (150) 
Boon, Wetzel, and Godshalk, 1980 (157) and in prep (158) 
Dickerman and Wetzel, 1980 (3 papers in preparation) 

LITTORAL-PELAGIAL INTERACTIONS: EFFECTS OF WETLAND AND ALLOCHTHONOUSLY-DERIVED 
NUTRIENTS AND ORGANIC COMPOUNDS ON METABOLISM, PRODUCTIVITY, AND SUCCESSION OF 
PHYTOPLANKTON POPULATIONS 

The continuing program of research on the effects of littoral and alloch-
thonously-derived nutrients and organic compounds on phytoplankton metabolism 
and succession remains a central theme of the entire contract investigations. 
A majority of the research outlined in earlier sections focus on a detailed 
evaluation on the controls (physical and biological) that regulate the loading 
to the lake per se of the Lawrence Lake ecosystem. The following summary notes 
current results of investigations in the pelagial zone on the nutrient dynamics 
and population structure changes needed to determine the effects of such loading 
directly on control mechanisms of growth and eutrophication rates. 
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Particulate and soluble alkaline phosphatase activities 

1. Particulate and dissolved alkaline phosphatase activities 
(PO^-ase) were determined biweekly at 1-m depth intervals 
for over 6 years. 

2. PO^-ase activities were low during autumnal circulation 
and winter stratification. 

3. POi+-ase of the spring period varied markedly from year to 
year, and was inversely related to physical lake stability 
of mixing and the extent and duration of spring circulation. 

4. Birgean work and Schmidt stability computations demonstrated 
the acute effects of restricted circulation periods in certain 
years on subsequent metabolic activities in the epilimnion 
of summer stratification. 

5. Extremely high POit-ase and phosphate limitation occurred in 
the phytoplankton during spring and summer periods of years 
of temporary spring meromixis or partial circulation. 

6. During mid-summer stratification, high POi+-ase coincided with 
periods of reduced productivity in the epilimnion, reduced 
diatom development, and massive epilimnetic decalcification 
and coprecipitation of P with CaC03. 

7. During mid-summer a non-N2-fixing cyanophyte and chlorophyte 
flora develops in the metalimnion. 

8. Experiments with epi- (2m) and metalimnetic (6 m) phytoplankton 
were conducted for an annual period. 

9. Reductions in P0i4~ase and enhancement of C-uptake and chlorophyll 
synthesis occurred following enrichments with inorganic P, and to 
a lesser extent with organic P. 

10. Epilimnetic phytoplankton responded more strongly to P enrichments 
than did metalimnetic phytoplankton, and P limitation was most acute 
in early and mid-summer, coincident with epilimnetic decalcification. 

11. Publications of the current contract concerned with these facets: 

Wetzel, 1971 (24) 
Otsuki and Wetzel, 1972 (25) 
Otsuki and Wetzel, 1972 (37) 
Otsuki and Wetzel, 1974 (57) 
White and Wetzel, 1974 (63) and (68) 
White, 1974 (67) 
Wetzel, 1980 (139) and (152) 
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Detailed analyses of population structure and dynamics of phytoplankton 
of Lawrence Lake ecosystem 

1. A detailed investigation of the factors controlling algal growth 
and succession was undertaken over a three-year period with a 
combination of in situ and experimental controlled studies. 

2. At weekly or 3-day intervals measurements were made of: 

a. Growth rates by direct species analyses in Nuclepore 
dialysis chambers. This technique was evaluated in 
detail and reported separately [Crumpton and Wetzel, 
1980 (156)]. 

b. Population densities of each of the dominant phytoplankton 
species. 

c. Losses by physiological death and by sedimentation out of 
the euphotic zone. 

d. Losses by zooplankton grazing on a diurnal basis using 
ll*C-labelled algae. Here again new methodology was developed 
and is being reported separately (Crumpton and Wetzel, 1980, in prep.) 

3. Cyclotella michiganiana was the dominant alga through the end of 
June at which time Ĉ. comensis began to increase, becoming the 
clear dominant by August. 

4. In August high grazing pressure caused rapid decline of both 
C. michiganiana and C. comensis which were followed by an 
increase of Sphaerocystis Schroeteri. 

5. The combined effects of greater birth rates and lower loss rates of 
C. comensis resulted in the replacement of CI. michiganiana. In 
contrast, the £. comensis-S. Schroeteri succession clearly resulted 
from differential mortality alone, mostly from differential zoo-
plankton grazing. 

6. A new method was also developed for the preparation of permanent, 
quantitative mounts of phytoplankton for critical microscopy. 

a. Preserved phytoplankton are settled in columns onto 
cover glasses, dehydrated using ethanol vapor substitution, 
and mounted in one of several ethanol-soluble resins. 

b. The resulting mounts are permanent, quantitative and of 
unsurpassed optical quality. 

c. Resolution is excellent and, in most cases, contrast is 
so high as to eliminate the need for phase shift or other 
contrast enhancement. 

d. The application of synthetic Novolac resins were also 
evaluated and found superior to other materials as a 
mounting media. 
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7. Blue-green algal populations were examined in both moderately 
productive Lawrence Lake and in hypereutrophic Wintergreen Lake, 
with regard to inorganic nitrogen sources, light intensity and 
regime, and species differences. 

a. Unicellular and colonial blue-green algae in Lawrence 
Lake occurred with depth under continuously low light 
conditions with NO3-N or NH^-N as a nitrogen source. 

b. Filamentous N2-fixing species in Wintergreen Lake occupied 
the upper water strata (0-2 m) and were exposed to variable 
light intensities over a diurnal period when combined nitrogen 
sources were low. 

c. N2~fixing, epilimnetic blue-green algal populations exposed 
to an array of light intensities were high-light adapted 
compared to metalimnetic, non-N2~fixing populations exposed 
to continuously low light. 

d. Laboratory cultures of dominant natural species were used 
to replicate light-photosynthesis curves under light regimes 
similar to those to which the natural populations were 
exposed and comparing three inorganic nitrogen sources. 

e. Once adapted to high or low-light intensities, the algae 
would not re-adapt readily (48 hours) to another light 
regime, regardless of nitrogen source. 

f. Of the three nitrogen sources (NH^-N, NO3-N, and N2-N) , 
NH^-N always resulted in highest growth rates with all 
light regimes. 

g. Intermittent exposure to high and low light intensities 
over a diurnal period had several advantages for N2~fixing 
species compared to those grown with NO3-N or NHI+-N. 
i. Growth ceased at continuously low light in N2-N 

species. 
ii. Rapid reductions in photosynthetic rates when low 

light adapted species were exposed to high light. 
iii. Periodic exposure to low light ameliorated inhibition 

of photosynthesis under high light conditions. 

h. Because N2~fixation saturated at lower light intensities than 
does carbon fixation rates, N2~fixing cultures showed a greater 
disparity in cellular C and N content than NO3-N or NH4-N 
grown cultures when exposed to continuously high versus 
continuously low light intensities. 

i. Regardless of N source, periodic exposure to high light 
intensities is necessary to keep the algae from becoming 
low-light adapted and less competitive. 

j. The molecular weight of dissolved organic carbon released 
by blue-green algae is dependent on N source and light 
intensity. Most (36 to 70%) of released dissolved organic 
carbon was less than 500 daltons. 
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8. Our detailed studies on the occurrence and role of cyclic adenosine 
3':5'-monophosphate (cAMP) in natural phytoplankton communities 
continued throughout the contract period. Results this far may 
be summarized as follows: 

a. Cellular and extracellular levels of cAMP were analyzed 
in three species of planktonic blue-green algae and 
five species of green algae. On the basis of chromatographic 
analyses and several biochemical assays, each alga produced 
cAMP and released it into the medium. Cellular cAMP (92-394 
pmol/g) and extracellular cAMP (8-440 pmol/liter) varied 
greatly among species. 

b. These results were among the first reports of cAMP, using 
reliable techniques, occurring in any plants, and the 
first report of massive release to the environment of this 
regulatory molecule. 

c. The production and extracellular release of cAMP by the 
blue-green alga Anabaena flos-aquae varied greatly during 
the life cycle of the organism and under different nutrient 
regimes. 

d. Inoculation of actively-growing Anabaena into media deficient 
in nitrate resulted in enhanced intracellular cAMP production, 
immediately preceding heterocyst formation. 

e. Alkaline phosphatase induction could not be correlated to 
cAMP production, but phosphate limitation resulted in 
decreased extracellular release of cAMP. 

f. In stationary growth phase of Anabaena, the concentrations 
of intracellular cAMP present in cells grown under a variety 
of nutrient regimes could be significantly correlated to 
11+C-bicarbonate uptake by an exponential relationship. 

g. The collective evidence indicated that Anabaena produced an 
exogenous inhibitor of cyclic nucleotide phosphodiesterase 
and that this organism contained a methylxanthine-sensitive 
cyclic nudleotide phosphodiesterase, the first time evidence 
for such an enzyme has been presented in a prokaryotic organism. 

h. The concentrations of dissolved and particulate cAMP in the 
epilimnia of oligotrophic Lawrence Lake and hypereutrophic 
Wintergreen Lake were monitored for an annual period, as well 
as from the littoral of these trophically dissimilar lakes.. 

i. Particulate and dissolved cAMP were found in natural popula
tions in quantities similar to those reported in heterotrophic 
organisms and in cultured phytoplankton. 

j. Concentrations of both cAMP fractions varied greatly during 
the season, between the two lake ecosystems, and between 
the littoral and pelagial zones of the same lake system. 
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k. Increased cellular cAMP levels coincided with increases 
in phytoplankton population densities. 

1. Cyclical changes in cellular cAMP were directly correlated 
with phytoplanktonic community succession of both lakes. 

m. A linear relationship between cellular cAMP levels and 
primary productivity rates in situ was found in the 
oligotrophic lake. 

n. In both lakes, the levels of cellular cAMP in certain 
phytoplanktonic associations were linearly related to 
chlorophyll a content and alkaline phosphatase activity. 

9. Publications of this contract relating to these facets: 

Manny, Wetzel, and Johnson, 1975 (70) 
Ward and Wetzel, 1975 (72) 
McKinley and Wetzel, 1976 (83) 
Ward and Wetzel, 1976 (85) 
Wissmar and Wetzel, 1978 (110) 
Wetzel and Richey, 1978 (111) 
McKinley and Wetzel, 1979 (117) 
Ward and Wetzel, 1979 (122) 
Francko and Wetzel, 1979 (127) 
Ward and Wetzel, 1980 (128) 
Francko and Wetzel, 198Q (135) 
Ward and Wetzel, 1980 (137) 
Crumpton and Wetzel, 1980 (138) 
Francko and Wetzel, 1980 (142) and (152) 
Francko and Wetzel, 1980 (151) 
Francko, 1980 (156) 
Crumpton and Wetzel, 1980 (157) 

Dissolved organic compounds of littoral origin and fate/effects in the 
pelagial zone 

1. Background statements: 

The dissolved organic carbon pool of lake systems is 
dominated by high molecular weight humic fractions that tend to 
be resistant to rapid microbial degradation. While the majority of 
these substances are of allochthonous origin and are formed through 
partial degradation of lignin produced by vegetation growing in the 
lake's drainage basin, a significant fraction of the resistant 
dissolved organic matter (DOM) is autochthonous, and originates 
within macrophyte-dominated littoral areas. In either case, the 
metabolic activities of the littoral community has the opportunity 
to screen much of the resistant DOM from littoral and allochthonous 
sources, and can substantially alter the ratios of molecular weight 
fractions of DOM which pass through this community towards the 
pelagial zone. The DOM that does escape from the littoral zone is 
generally impoverished in lower molecular weight fractions, since 
the littoral epiphyte-decomposer complex efficiently utilizes the 
more labile components. The more resistant, higher molecular weight 
humic compounds which do enter the pelagial community are capable of 
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significantly altering the growth patterns of pelagial algal species 
and to that extent, determine the structure and metabolism of 
pelagial communities. 

While laboratory studies of unialgal and axenic cultures of 
common algal species have demonstrated that humic substances tend 
to shorten the lag phase, extend the exponential growth phase, and 
increase rates of 1^C assimilation, it is not known exactly what 
level humic substances stimulate algal metabolism. The considerable 
ability of humic materials to chelate iron and other metals suggests 
that these substances regulate the availability of algal nutrients. 
Prakash and Rashid (1968) believe that humic substances might act 
as specific sensitizing agents which enhance cell membrane permeability 
to essential nutrients. Giesy (1976) presents evidence that bacterial 
degradation of complex humic substances results in smaller organic 
molecules which, when heterotrophically assimilated, stimulate, the 
growth of Scenedesmus obliquus. Although it is possible that at 
least some of the effects of humics on algal metabolism may be due 
to partial inhibition of respiration, the experiments needed to 
establish this thesis have not been conducted. Further, it is 
unfortunate that almost all studies demonstrating humic-algal inter
actions have employed axenic or unialgal cultures. Since allelopathic 
and competitive interactions occur between species of pelagial 
microflora, laboratory studies alone cannot fully describe community 
events. 

2. Dissolved organic matter of external and littoral origins and 
effects.on pelagial community metabolism 

a. Naturally occurring dissolved humic materials of pelagial 
and wetland origins were fractionated according to 
molecular weight by dialysis and gel permeation chromatography. 

b. Components of higher molecular weight (>3500 daltons) absorbed 
ultraviolet light strongly at 250 nm but fluoresced weakly, 
while humic fractions of lower molecular weight fluoresced 
intensely per unit absorbance. 

c. With appropriate precautions, fluorescence:absorbance ratios 
can be useful in delineating seasonal and depth distribution 
patterns of dissolved humic materials of low and high molecular 
weight. 

d. Examination of DOC concentrations, UV absorbance, and fluorescence 
relationships in a number of model organic materials of littoral 
origins and fractionated molecularly by gel permeation chromato
graphy showed that: 
i. Fluorescence was consistently a poor predictor of 

DOC concentration, and absorbance correctly predicted 
DOC concentration only in the more labile materials. 

ii. Asymmetry between DOC and the two optical parameters 
was related to dissolved organic matter apparent molecular 
weight, and could be explained by greater levels of 
internal quenching and shielding in compounds of larger 
molecular weight. 
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iii. A lake-to-lake comparison (n=55) demonstrated a calcium-
related selective loss of high molecular weight humic 
compounds, which invalidates the use of either optical 
characteristic is a good predictor of DOC concentration 
in hardwater lake systems. 

iv. Calcium-related seasonal and between-lake differences 
in DOM relative molecular weight may selectively alter 
trace metal availability. 

e. On-going analyses are demonstrating a coupled relationship 
between humic compounds, phosphate metabolism and phosphatase 
activities which in turn drastically alter phytoplankton 
community photosynthesis. 

f. It is now clear that the low molecular weight humic compounds 
are limiting the activity of alkaline phosphatase, a finding 
of major significance to study of controls of eutrophication 
and the roles of littoral decomposition on pelagial metabolism. 

3. Publications of this contract pertaining to these facets: 

Wetzel, 1968 (8) 
Wetzel and Manny, 1972 (27) 

- Wetzel, 1972 (24) 
Wetzel, et al., 1972 (48) 
McKinley and Wetzel, 1977 (90) 
Wetzel and Otsuki, 1974 (56) 
McKinley, 1977 (87) 
McKinley, 1975 (73) (75) (77) and (81) 
Wetzel, 1975 (78) 
McKinley and Wetzel, 1976 (83) 
Mickle and Wetzel, 1978a (108) 
Mickle and Wetzel, 1978b (109) 
Mickle and Wetzel, 1978c (120) 
Wetzel, 1979 (112) 
Stewart and Wetzel, 1980 (130). 
Wetzel and Likens, 1979 (132) 
Stewart and Wetzel, 1980 (139) and (146) 
Stewart and Wetzel, 1980 (3 papers in preparation) 
Wetzel, 1980 (153) 
Manny and Otsuki, 1980 (160) 

Continued evaluation of physical, chemical, and biological parameters of 
the oligotrophic Lawrence Lake ecosystem in which experimental aspects 
of the program are conducted. 

A typical hardwater lake, Lawrence Lake, Barry County, was selected 
because of its desirable morphometry (5 ha. , 13 m. maximum depth) and 
strong metabolic responses to limiting factors. The basin was surveyed 
and contoured with a high frequency sonar, and a detailed bathymetric 
map was constructed from which morphometric data were determined for 
calculations of chemical cycling. Similar analyses, as discussed below, 
have been made on eutrophic Duck Lake (1969) and on hypereutrophic 
Wintergreen Lake (1971, 1975-1977). J 
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In September, 1967, a detailed sampling program was undertaken on 
Lawrence Lake to measure relevant physical, chemical, and metabolic 
parameters to serve as correlative background information for all of the 
physiological experimentation related to the lake. At one primary station 
at the deepest depression the parameters discussed below are being made 
at 1-meter intervals at strict seven-day (1967 - 1969) to 14-day (1969 -
1980) intervals, regardless of weather conditions. Sampling and analyses 
have been in progress for 155 months (13 years) and are continuing. Two 
supplemental stations in the basin are sampled routinely in addition to 
the central primary site. Parameters being measured at meter intervals 
include: 

In situ measurements of algal photosynthesis and dark C02 fixation 
by algal and bacterial chemosynthesis by C techniques and rates 
of secretion of dissolved organic carbon. 

2. Biomass of algae: 
a. By acetone extractions of pigments and spectrophotometric 

determinations of chlorophylls a, b, and c and plant 
carotenoids, and pheophytic degradation concentrations; 

b. Enumeration and volume calculations of species by 
sedimentation chamber techniques by inverted microscopy; 

3. Temperature (electrometrically); 

4. Underwater distribution of light by photometry with occasional 
subsurface spectral distribution with a continuously recording 
underwater spectrophotometer; 

5. Oxygen concentration and percentage saturation; 

6. Alkalinity, dissociation of carbonate complex, and inorganic 
carbon available for photosynthesis; 

7. Hydrogen ion concentrations; 

8. Specific conductance at 25°C; 

9. Concentrations of Ca, Mg, Na, K, Fe, and other selected ions 
by atomic adsorption and flame spectrophotometry; 

10. Reactive soluble and total phosphate; alkaline phosphatase activity; 

11. Nitrate, nitrite, ammonia, organic nitrogen; 

12. Sulfate; 

13. Total particulate (oxidizable) organic carbon by spectrophotometry; 

14. Organic matter (humic compounds) by ultraviolet and fluorescence 
spectrophotometry; separation of fractions by ultrafiltration (Amicon) 

15. Total dissolved organic carbon by oxidation of CO2 and infra-red 
gas analysis; 
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16. ATP analyses (of phytoplankton and free) (1975-1978) 

Surface radiation is measured daily by a continuously operating 
solarimeter for calibration of daily integrated values and use in 
calculations of algal productivity data. 
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V. ' LEVEL OF ACTIVITY AND PERSONNEL 

No major differences between the actual level of activity and that 
proposed in the contract occurred during the current term of the contract. 
Progress towards the proposed objectives is being accomplished at or above 
the rate anticipated. Personnel involved in the work of the contract 
included: 

A. Principal Investigator: Robert G. Wetzel, B.Sc. , M.Sc.., Ph.D., 
Professor of Botany, W. -K. Kellogg Biological Station and 
Department of Botany and Plant Pathology, Adjunct Professor of 
Zoology, Michigan State University. 
— Minimally 75% of his time on a 12-month basis is devoted to 
this contract research. 

B. Research Technician: J. S. Sonnad, B.Sc, M.Sc; Mrs. Sonnad 
devotes 100% of her time on a 12-month basis to these studies. 

C. Research Technician: W. P. Brown, B.Sc; 100% of time on a 
12-month basis to these studies. 

D. Research Assistant: A. J. Stewart, B.Sc, M.Sc, (Ph.D. Cand.): 
75% of time on a 12-month basis to these studies. 

E. Research Assistant: J. A. Dickerman, B.Sc, M.Sc, (Ph.D. Cand.): 
75% of time on a 12-month basis to these studies. 

F. Research Assistant: W. G. Crumpton, B.Sc, M.Sc, (Ph.D. Cand.): 
75% of time on a 12-month basis to these studies. 
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Portions of the investigations supported by this contract are in various 
stages of publication or in preparation. Where available, copies of reprints, 
preprints, and abstracts are on file in the Chicago Operations Office, and 
included with Technical Progress Report, AT(11-1)-1599, 1969, 1970, 1971, 1972, 
1973, 1974, and E(ll-1)-1599, 1975, and 1976, and EY-76-S-02-1599, 1977, 1978, 
1979, and 1980. 

(1) Wetzel, R. G. 1967. Dissolved organic compounds and their 
utilization in two marl lakes., In: Problems of organic matter 
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