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        Week 10 Lecture
GW/SW interaction


  
         

         Primary productivity, microbes
Reading:  Ch. 12, Jones and Mulholland, pp. 287-306, by Findlay and Sobszak
I) Introduction

Microbes:  < 100 μm


First described in hyporheic sediments: in late 1980’s

Importance of microbes:



Contribute nutrients:




Carbon cycle:  decomposers




Nitrogen cycle 



Heterotrophs:  Bacteria and fungi




Are decomposers




Types present in the hyporheic zone are largely unknown




Account for most diversity in the hyporheic zone




Are usually associated with biofilms or organic particles

See Fig. 1 from J&M, p. 289
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FIGURE 1 Conceptual diagram of hyporheic biofilms. (a) Cross section of stream riffle with
hyporheic flowpath highlighted. Stream surface water is the source of dissolved organic carbon
(DOC). (b) Close-up of hyporheic flowpath at the scale of interstitial flow. Buried particulate
organic carbon (POC) and DOC are highlighted. (c) Close-up of hyporheic flowpath at the scale
of an interstitial biofilm. Unshaded shapes represent bacteria imbedded in a biofilm matrix.







Microbes are attached to surfaces: don’t move freely.


Diffusion limits nutrient intake, waste removal

Rely on external energy sources

II) Organisms present

A. Fungi



Often associated with woody debris and decay products



Extent and volume (biomass) in hyporheic zone is largely unknown


B. Protozoans


Unicellular



Eukaryotic (lack cell walls)



Join the food web between bacteria and larger invertebrates: graze on bacteria



2 types: ciliates, flagellates



Biomass, estimates of importance and abundance are largely unknown


C. Bacteria



Generally decline in abundance and biomass with depth



Abundance may be related to concentration of organic matter

See J&M Fig. 2, p. 294
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FIGURE 2 Hyporheic bacterial productivity from different streams related to sediment or-
ganic matter. The regression from Cole et al. (1988) covering a wide range of aquatic sediments
is shown for comparison (see insert). We focus on the lower end of the Cole et al. (1988) re-
gression line in order to compare hyporheic sediments. Hyporheic data are from the following
sources: Breitenbach (Marxsen, 1996), Maple River (Hendricks, 1996), Steina (Fischer et al.,
1996), Dryman Fork (Crocker and Meyer, 1987), and the Ogeechee River (Marxsen, 1988a).
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In cases where an average value could not be derived, a range is indicated with a box.




III) Respiration

HAS been measured in some hyporheic studies (better known than some properties)


Was higher at downwelling sites than upwelling sites (Sycamore Creek)


Is temperature dependant


Consumes oxygen


Rates of hyporheic respiration are probably similar to rates of surface respiration


Is related to carbon supply:

See J&M Fig. 3 p. 296
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FIGURE 3 Hyporheic sediment respiration from different streams plotted as a function of sed-
iment organic matter. The general regression from Hedin (1990) is shown for comparison. Data
sources are: Ogeechee River (Marxsen, 1988a), Goose Creek (Hakencamp unpublished), East
Branch Wappinger Creek (EBWC; Findlay and Sobczak, 1996), Sycamore Creek (downwelling
and upwelling zone means; Jones et al., 1995), Buzzards Branch (Fuss and Smock, 1996), and
Steina (Pusch and Schwoerbel, 1994).




IV Carbon supply

May be the fundamental control over bacterial abundance (see above)


Is found as DOC and POC



There is really a spectrum between these two!



DOC = dissolve, mobile input



POC = buried

See Fig. 4 from J&M, p. 297


Carbon quality may be as important as carbon quantity to bacteria
V) Other influences on hyporheic bacteria:

A) Sediment size: 



Coarse sediment: delivers more nutrients, but has fewer sites for bacterial 



attachment


B) Abundance of oxygen or other terminal electron acceptors



Anaerobic: requires a different set of microbes


C) Grazing



Bacteria are eaten by micrograzers



May control populations


Poorly understood

V) Community composition:


Very poorly understood


Processes are better understood than abundances

