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Abstract

total   phosphorus   (TP)   and   dissolved   organic   carbon   (DOC)   concentration,   and   consumer-‐‑level  
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Introduction

  

ecology   (Hensen,   1887;   Reynolds,   2008).     However,   this  

terrestrial  (Jones  et  al.,  1998;  Carpenter  et  al.,  2005;  Solomon  

perspectives   (Marcarelli   et   al.,   2011).      In   this   review,  

allotrophic   (nourished   in   other   ways)   (Birge   &   Juday,  

and  the  pervasive  impacts  terrestrial  carbon  can  have  on  

primarily  as  dissolved  organic  carbon  (DOC),  but  also  as  

(Dillon   &   Molot,   1997a;   Cole   et   al.,   2006).      Terrestrial  

substances   (Jones,   1992).      These   high  molecular   weight  

(Jones,  1992).    Reduced  light  penetration  can  impose  light  
limitation   on   primary   producers   (Carpenter   et   al.,   1998;  

In   addition   to   the   physical   and   chemical   impacts  

a   biologically   unavailable   or   recalcitrant   nature,   but  

carbon   in   enhancing   microbial   respiration   and   driving  

et  al.,  1994;  Lennon,  2004;  Cole  et  al.,  2007).     In  addition,  

carbon   is   hypothesised   to   occur   through   consumption  

produced  comparable  results  (Bunn  &  Boon,  1993;  Jones  

colour:chlorophyll  a
(Pace  et  al.,  2007;  Weidel  et  al.,  2008;  Solomon  et  al.,  2011).  

The  research  described  to  this  point  has  led  many  to  

subsidy.    However,  to  be  considered  a  resource  subsidy,  
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(donor-‐‑control),  and  enhance  production  in  the  recipient  

in   a   donor-‐‑controlled  manner,   and   is   incorporated   into  

carbon  supply  on  consumer  growth  or  production.     The  

Daphnia  magna

Daphnia  production  

biomass  does  not  ensure  that  terrestrial  carbon  will  act  as  a  

benthic  studies  is  the  widespread  assertion  that  terrestrial  

is  increasing  (Roulet  &  Moore,  2006).    To  begin  to  address  

1.   how  does  basal   carbon   supply   respond   to  elevated  
terrestrial  carbon  supply?  

2.  
subsidised?  

3.   where   are   the   greatest   uncertainties   pertaining   to  

production?

Model  description

consumer   production   to   changes   in   terrestrial   organic  

paper   at  
article/view/475).     This  does  not  preclude  the  application  

Table  1.

periphyton  primary  production,  terrestrial  DOC  load,  and  

https://www.fba.org.uk/journals/index.php/FRJ/article/view/475
https://www.fba.org.uk/journals/index.php/FRJ/article/view/475
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Table  1:  
  

   Model  Output   Unit   Equation  

1  
Phytoplankton  
chlorophyll  a   mg  m-‐‑3   87.0

0
41.0 TPChl   

2  
maximum  

phytoplankton  
productivity  

mg  C  m-‐‑3  h-‐‑1   ChlPP 56.1max   

3  
maximum  periphyton  

productivity   mg  C  m-‐‑2  h-‐‑1   24.0
01.28max TPBP   

4  
light-‐‑attenuation  

coefficient  
m-‐‑1   DOCChl

D
K 0514.00177.00213.0   

5   surface  light  at  time  t   µμmol  m-‐‑2  s-‐‑1  
daylen

t
I

t
I sinmax,0,0   

6  
light  at  depth  z  and  

time  t   µμmol  m-‐‑2  s-‐‑1  
z

D
K

e
t

ItzI ,0,   

7  
whole-‐‑lake  

phytoplankton  
production  

mg  C  m-‐‑2  d-‐‑1   0/max0
,

tanhmax A
z

z

sunset
sunrise zz

VzV

kp
I

tzI

PPTPP   

8  
whole-‐‑lake  periphyton  

production  
mg  C  m-‐‑2  d-‐‑1   0/max0

,
tanhmax A

z

z

sunset
sunrise zAzz

A

kb
I

tzI

BPTBP   

9   terrestrial  DOC  load   mg  C  m-‐‑2  d-‐‑1   365/1000DOC
DOC
Q   

10   terrestrial  POC  load   mg  C  m-‐‑2  d-‐‑1  
DOC
Q

POC
Q   

11  
phytoplankton  

exudate  
mg  C  m-‐‑2  d-‐‑1   )1(

TPP
RTPP

Bt
TPP   

12  
zooplankton-‐‑available  

phytoplankton  
production  

mg  C  m-‐‑2  d-‐‑1   )1)(1(
TPP
RTPP

Zp
TPP   

13  
zoobenthos-‐‑available  
periphyton  production   mg  C  m-‐‑2  d-‐‑1   )1(

TBP
RTBP

Zb
TBP   

14  
bacteria-‐‑available  
terrestrial  DOC  

mg  C  m-‐‑2  d-‐‑1   )1(
DOC
Q

Bt
tDOC   

15  
zooplankton-‐‑available  

terrestrial  POC  
mg  C  m-‐‑2  d-‐‑1   DOC

Q
POC
Q

Zp
tPOC   

16   bacterial  production   mg  C  m-‐‑2  d-‐‑1   BttDOC
GE

BttDOC
C

Bt
tDOC

BtTPP
GE

BtTPP
C

Bt
TPP

Bt
P ,,,,   

17  

heterotrophic  protist  
and  zooplankton  
available  bacterial  

production  

mg  C  m-‐‑2  d-‐‑1   2/)1(
Bt
m

Bt
P

Pt
Bt

Zp
Bt   

18  
heterotrophic  protist  

production  
mg  C  m-‐‑2  d-‐‑1   PtBt

GE
Pt

Bt
Pt
P ,   

19  
zooplankton  
production   mg  C  m-‐‑2  d-‐‑1   ZpBt

GE
Zp

Bt
ZptPOC

GE
ZptPOC

C
Zp

tPOC
ZpTPP

GE
ZpTPP

C
Pt
P

Zp
TPP

Zp
P ,,,,,)(   

20   detritus  production   mg  C  m-‐‑2  d-‐‑1   ),1(),1(),1)((
ZbTBP

C
Zb

TBP
ZptPOC

C
Zp

tPOC
ZpTPP

C
Pt
P

Zp
TPP

Zp
S

Zp
P

Dt
P   

21  
zoobenthos  
production   mg  C  m-‐‑2  d-‐‑1   ZbDt

GE
ZbDt

C
Dt
P

ZbTBP
GE

ZbTBP
C

Zb
TBP

Zb
P ,,,,   
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Model  Output   Unit   Equation   

19 Zooplankton  

production  
mg  C  m-‐‑2  d-‐‑1   ZpBt

GE
Zp

Bt
ZptPOC

GE
ZptPOC

C
Zp

tPOC
ZpTPP

GE
ZpTPP

C
Pt
P

Zp
TPP

Zp
P ,,,,,)(   

20 Detritus  

production  
mg  C  m-‐‑2  d-‐‑1   ),1(),1(),1)((

ZbTBP
C

Zb
TBP

ZptPOC
C

Zp
tPOC

ZpTPP
C

Pt
P

Zp
TPP

Zp
S

Zp
P

Dt
P   

21 Zoobenthos  

production  
mg  C  m-‐‑2  d-‐‑1   ZbDt

GE
ZbDt

C
Dt
P

ZbTBP
GE

ZbTBP
C

Zb
TBP

Zb
P ,,,,   

Table  1  (cont.):  

terrestrial  POC  load  (Fig.  1

total   phosphorus   concentration,   the  DOC   concentration,  

assumption  that  the  terrestrial  load  is  2000:1  C:P  by  mass  

important  in  determining  consumer  
production.    A  change  in  load  has  a  

also   indirectly   alter   basal   C   supply  
because  DOC  shades  within-‐‑system  

producers.     We   considered   a   range  

relationship  between  terrestrial  DOC  
load  and  DOC  concentration,  which  

(Table  2

rate  (g  C  m-‐‑2  year-‐‑1)  to  the  measured  
DOC   concentration   (g   C   m-‐‑3).    

consumer  secondary  production,  given  the  basal  resource  

the  pelagic  assemblage  (Fig.  1).    We  assumed  that  consumer  

autochthonous   resources   to   allochthonous   resources  

Fig.  1.  

unconsumed  production  is  returned  to  the  detrital  pool  (some  arrows  not  shown).
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Parameter Symbol Sources
total  phosphorus TP0 2,  25,  50 mg  m-‐‑3 n.a.
dissolved  organic  carbon DOC 2-‐‑24 g  m-‐‑3 n.a.

I0, 1500 µμmol  photons  m-‐‑2  s-‐‑1

day  length daylen 15 hr
depth  increment 0.1 m
time  increment 0.25 hr

I 180 µμmol  photons  m-‐‑2  s-‐‑1

periphyton  saturation I 300 µμmol  photons  m-‐‑2  s-‐‑1

and  periphyton  primary  
production  respired

RPP,  RBP 0.3 unitless 1989;  Turner  et  al.,  1991)

DOC
0.13 unitless (Baines  and  Pace,  1991)

7-‐‑50  [12.5] m  year-‐‑1 (Dillon  and  Molot,  1997a;  Hanson  
et  al.,  2004;  Cole  et  al.,  2006)

POC:DOC  in  terrestrial  
load 0.1-‐‑0.3  [0.2] (g  POC)(g  DOC)-‐‑1 (Carpenter  et  al.,  2005;  Cole  et  al.,  

0.005 unitless 2008)

consumed 0-‐‑1;  See  Table  4 unitless n.a.

C unitless n.a.

GE 0-‐‑1;  See  Table  3 (g  consumer)(g  
consumed)-‐‑1 n.a.

non-‐‑grazing  bacterial  
mortality  (e.g.  viral  lysis) mB 0.5 unitless (Fuhrman  and  Noble,  1995;  Fischer  

S 0.2 unitless

Table  2.  

at  a  4:1  ratio.     Bacteria  were  assumed  to  have  a  constant  

Table  3

and   consumers   in   the   northern   temperate   region.    

al.,  2003;  Solomon  et  al.,  unpublished  data).    In  addition,  

(

mg  m-‐‑3)   and  DOC   (2-‐‑24   g  m-‐‑3

the  range  commonly  observed  in  the  northern  temperate  
landscape   (see   also   Table   4).      Calibrated   secondary  

production   measures,   but   slightly   overestimated  
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Model  results

Increased   terrestrial   inputs   generally   reduced  

total  basal  resource  availability  (Fig.  2).    Only  in  the  lowest  
productivity   system   (TP

0
=2  mg  m-‐‑3)   did  we   observe   an  

increase  in  basal  resource  supply  with  elevated  DOC;  in  

concentration,  benthic  primary  production  was  on  average  

primary   production   at   the   highest   DOC   concentration  

productivity  simulations  (TP
0
=2  mg  m-‐‑3).    Terrestrial  (POC  

and  DOC)  contributions  to  basal  resource  supply  ranged  

53  %  (least  productive  system  with  highest  loading).

zoobenthos   production   to   elevated   terrestrial   organic  
Fig.   3

productivity   (TP)  gradient   that  we   considered.     Because  

level,   and   did   not   vary   in   response   to   changes   in     
(Fig.   3

Consumer Resource Sources

Bacteria 0.3-‐‑0.8 0.6 (del  Giorgio  and  Cole,  1998)

Bacteria Terrestrial  DOC 0.05-‐‑0.75 0.3 (del  Giorgio  and  Cole,  1998)
Heterotrophic  
Protists Bacteria -‐‑ 0.6 (Fenchel,  1982)

Bacteria 0.05-‐‑0.55 0.4 (Le  Borgne,  1982;  Muller-‐‑Navarra  

0.05-‐‑0.55 0.4 (Le  Borgne,  1982;  Muller-‐‑Navarra  

Terrestrial  POC 0.05-‐‑0.55 0.2 (Le  Borgne,  1982;  Muller-‐‑Navarra  

Periphyton 0.15-‐‑0.55 0.35 (Banse  and  Mosher,  1980)
Detritus 0.15-‐‑0.55 0.35 (Banse  and  Mosher,  1980)

Table  3:

Food  web  
component

Modeled  Range  
(mg  C  m-‐‑2  day-‐‑1)

Observed  Range  
(mg  C  m-‐‑2  day-‐‑1) Citations

Bacteria 23-‐‑290 1-‐‑1000 (del  Giorgio  et  al.,  1997;  del  Giorgio  and  Cole,  1998;  Fouilland  
and  Mostajir,  2010)

9-‐‑162 0.5-‐‑160

11-‐‑63 0.1-‐‑60 therein

Table  4:
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production   in  our  model.     Both   ecosystem-‐‑scale   ( )   and  
organismal  parameters  had   to   be  manipulated   to   create  
a   subsidy   (Fig.   4

simulation  where  zoobenthos  production  remained  nearly  
constant   with   greater   terrestrial   carbon   loading   (Fig.   4,  

(Fig.  4,  lower  right)  the  above  unrealistic  parameterisation  

Fig.  3.
production   in   our  model   simulations.     Within   system  primary  
productivity  varies  with  panel  rows  (TP

0
  =  2,  25,  50  mg  m-‐‑3).    Each  

concentration.

Fig.  2.     Basal  carbon  supply  (within-‐‑system  primary  production  

within-‐‑system  productivity  (TP
0
  =  2,  25,  50  mg  m-‐‑3).
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consumer   productivity   to   terrestrial   carbon   enrichment.  

Discussion

whether  elevated  terrestrial  carbon  loading  would  increase  

directly   acts   to   increase   basal   resources,   but   important  
indirect  mechanisms  were  also  included  in  our  model.    Our  

production  (Fig.  2

and  terrestrial-‐‑supported  bacterial  production,  a  measure  
that  should  be  strongly  and  positively  correlated  with  our  

with  our  model  results.  

with  increasing  terrestrial  organic  carbon  supply  provided  

in   contrast,   our   modeling   suggests   that   subsidy   by  

This   contrast   occurred   because   terrestrial   carbon   inputs  

particulate   portion   is   accessible   via   direct   consumption.    

POC:DOC  loading  ratios  that  we  used  might  not  accurately  

Fig.   4.
organic   carbon   (DOC)   concentrations   and   zoobenthos   growth  

0
  =  2  mg  m-‐‑3).    Results  in  

steady-‐‑state  DOC  concentration.
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detritus  over  periphyton  as  a  resource.    Further  modeling  

terrestrial   inputs   subsidise      consumers   is  not  necessarily  

utilise   terrestrial   inputs   across   that   gradient.      Previous  
research   using   stable   isotope   tracers   has   demonstrated  

concentrations  (Karlsson  et  al.  2003,  Carpenter  et  al.  2005,  

because   utilisation   is   driven   by   resource   supply   (given  

Yet  consumer  production  may  increase  or  decrease  across  

Fig.   2).    

a   similar   point   about   the   distinction   between   resource  

resources”   is   directly   applicable   to   the   contrast   in   the  

terrestrial   DOC   and   POC   in   our   model.      In   addition,  

the  agreement  between  simulations  produced  by  our  model  

al.,  2007),  which  predicts  resource  subsidies  where  subsidy  
supply  is  high  relative  to  within  system  resource  production.  

)  
in   our  model   is  matched   by   our   uncertainty   about   this  
parameter.    We  estimated  

terrestrial  DOC,  based  on  two  modeling  studies  (Hanson  

robust  ecosystem  models  and  enhance  our  understanding  

terrestrial  carbon  to  zoobenthos  means  that  this  component  

terrestrial  carbon  supply,  but  uncertainty  in  essentially  all  

responses   to   increases   in   terrestrial   carbon   loading.
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