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Definition of model parameters

Although our steady-state model was not designed
to reproduce field observations, we used representa-
tive values for the parameters (i.e. between-compart-
ment flows). The notations used are in Table 1; the
additional notations used only in this appendix are in
Table A1 (figures, tables, and equations with the ‘A’
designation are in this appendix; those without are in
the text). The parameters for the 7 steps of the model
illustrated in Figs. 1a & 3 were determined as de-
scribed below; values are given in Table A2. In our
model, parameter flows out of a compartment are
expressed as a function of the total input flow (A or I)
into that compartment, whereas modeled flows are
expressed as a function of PPT or RC (PPT = RC).

We partitioned total primary production between the
particulate and dissolved fractions as PPP:PPD = 0.8:0.2,
to reflect the published global median values as
described in Appendix 2. We computed Step 7 of the
model for the 5 planktonic food webs described in the
text. The difference in parameterization among 5 mod-
eled food webs is in their respective flows from
PHYTO/POC to MZOO (PPPmz) and to µZOO (PPPµz)
(Table A2).

The 3 heterotrophic compartments (i.e. BACT,
µZOO, and MZOO) were made temperature (T)-
dependent, by scaling their growth efficiencies to T.

The values of the parameters used in our models with-
out viral lysis, at 15°C, are given in Table A2.

For the BACT compartment, we used the BGE = ƒ(T)
relationship of Rivkin & Legendre (2001):

BGE = 0.374 – 0.0104 × T (A1)

Because we did not consider viral lysis of bacteria at
this stage of the modeling (i.e. Lb = 0), BGE1 (Eq. 9) =
BGE2 (Eq. 10) = BGE (Eq. A1). With Eq. (A1), we com-
puted the 2 T-dependent parameter flows from BACT,
i.e. Pb/Ab and Rb/Ab:

Pb/Ab = BGE (A2)
Rb/Ab = 1 – (Pb/Ab) = 1 – BGE (A3)

Eq. (A2) is based on Eq. (A1) and Eqs. (9 & 10), and
Eq. (A3) is based on Eq. (A2) and Eq. (A32, in Elec-
tronic Appendix 2).

For the µZOO compartment, we used the GGEµz =
ƒ(T) relationship of Rivkin & Legendre (2001):

GGEµz = 0.66 – 0.014 × T (A4)

The 3 T-dependent parameter flows from µZOO are:
Pµz/ Iµz, Eµz/ Iµz, and Rµz/ Iµz. With Eq. (A4), we com-
puted the Pµz/ Iµz parameter:

Pµz/ Iµz = GGEµz (A5)

Eq. (A5) is based on Eqs. (A4) & (6). The sum of the
2 remaining µZOO parameters is (Eµz/Iµz + Rµz/Iµz) =
[1 – (Pb/Ib)]. To compute the individual values of the
2 parameters, we treated Eµz/Iµz and Rµz/Iµz as 2 paral-
lel flows out of the µZOO compartment, i.e. we parti-
tioned [1 – (Pb/Ib)] between Eµz/(Eµz + Rµz) and
Rµz/(Eµz + Rµz). To obtain Eµz/(Eµz + Rµz), we used
Rµz/Iµz and Eµz/Iµz values of 0.33 and 0.44, respectively
(Pelegrí et al. 1999; heterotrophic nanoflagellate Pteri-
domonas danica feeding on Escherichia coli). From
these values, we calculated:

Eµz/ (Eµz + Rµz) = 0.6 (A6)

We checked the general applicability of this 0.6 value
by comparing the corresponding Eµz/Iµz with those
reported by Strom et al. (1997; their Fig. 4) for a ciliate

Notation Variable, flow, model parameter

T Temperature
BLMF Bacterial lysis mortality factor

Subscript Meaning

PL Large-sized PP:total PP

Table A1. Notations for variables, flows of organic carbon
(parameters and modeled), and subscripts used in this 
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feeding on a flagellate at 12°C (i.e. Eµz/ Iµz ≥ 0.3; exper-
imental results corrected for bacterial consumption of
DOC with BGE = 0.25), and by Nagata (2000) based on
a survey of the literature (i.e. 0.1 < Eµz/ Iµz < 0.3). We
computed Eµz/ Iµz at 12°C corresponding to Eq. (A6) by
combining Eqs. (A4 & A5), which gave (Rµz + Eµz) / Iµz =
0.5, and multiplied the latter value by Eµz/ (Eµz + Rµz) =
0.6 (Eq. A6), which gave Eµz/ Iµz = 0.3. This value is at
the low and high ends of the ranges of Eµz/ Iµz reported
by Strom et al. (1997) and Nagata (2000), respectively,
suggesting that the 0.6 value from Pelegrí  et al. (1999)
is generally applicable. We computed the Eµz/ Iµz para-
meter as follows:

Eµz/ Iµz = [Eµz/ (Eµz + Rµz)] × (1 – Pµz/ Iµz) (A7)

Eq. (A7) is derived from Eq. (3). Using Eq. (A6),
Eq. (A7) becomes:

Eµz/ Iµz = 0.6 × (1 – Pµz/ Iµz) = 0.6 × (1 – GGEµz) (A8)

We computed the Rµz/ Iµz parameter as:

Rµz/ Iµz = 1 – (Pµz/ Iµz + Eµz/ Iµz) = 0.4 × (1 – GGEµz)
(A9)

Eq. (A9) combines Eqs. (A5 & A8) and Eq. (3).
For the MZOO compartment, we computed the para-

meter flow to DETR using AEmz = 0.7 of Ikeda &
Motoda (1978):

Fmz/ Imz = 1 – AEmz = 0.3 (A10)

Eq. (A10) combines Eqs. (1) & (7). The 3 other MZOO
parameters were made T-dependent by using the
NGEmz = ƒ(T) relationship of Legendre & Rivkin (2005,
values for LZ in their Table 4):

NGEmz = 0.40 – 0.003 × T (A11)

This empirical relationship was derived from the DW =
ƒ(T) and NGE = ƒ(DW, T) values in Table 2 and Fig. 3,
respectively, of Ikeda et al. (2001), where DW is the dry
weights of copepods. The 3 T-dependent parameter
flows from MZOO are: Pmz / Imz, Emz / Imz, and Rmz / Imz.
We computed the Pmz/ Imz parameter as follows:

Pmz/ Imz = GGEmz = NGEmz × AEmz (A12)

Eq. (A12) is based on Eq. (A11) and Eqs. (5 to 8). We set
the parameter Emz/ Imz = 0.15 at 15°C. This value is at
the lower end of the range of Emz/ Imz reported by
Strom et al. (1997; their Fig. 4) for a copepod feeding
on phytoplankton at 12°C (i.e. Emz/ Imz ≥ 0.15; experi-
mental results corrected for BGE = 0.25), and within
the range reported by Nagata (2000; i.e. 0.1 < Emz/ Imz

< 0.2). In order to treat Emz/ Imz in the same way as the
Eµz/ Iµz parameter (Eq. A7), we first expressed Emz as a
fraction of (Emz + Rmz). Using Eqs. (2), (5) & (7), it can be
shown that:

Emz/(Emz + Rmz) = (Emz/Amz)/ (1 – NGEmz) = 
[(Emz/ Imz)/AEmz]/ (1 – NGEmz) (A13)

Because Emz/ Imz = 0.15, AEmz = 0.7 and NGEmz = 0.36
at 15°C (Eq. A11), Eq. (A13) resolves to:

Emz/(Emz + Rmz) = 0.33 (A14)

The equation for the Emz/ Imz parameter is parallel to
Eq. (A7) for µZOO:

Emz/ Imz = AEmz × [Emz/(Emz + Rmz)] × (1 – Pmz/Amz) = 

[Emz/(Emz + Rmz)] × (AEmz – Pmz/ Imz) (A15)
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Parameter 1 2 3 4 5 6 ExMi Micr Mult Herb ExHe

Pb/Ab ∅ ∅ ∅ 0.218 0.218 0.218 0.218 0.218 0.218 0.218 0.218
Rb/Ab 1.000 1.000 1.000 0.782 0.782 0.782 0.782 0.782 0.782 0.782 0.782
Db/D ∅ ∅ ∅ ∅ ∅ ∅ 0.600 0.600 0.600 0.600 0.600
Dmz/D ∅ ∅ ∅ ∅ ∅ ∅ 0.400 0.400 0.400 0.400 0.400
Rlarge/ Ilarge ∅ ∅ 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000
Eµz / Iµz ∅ ∅ ∅ ∅ 0.330 0.330 0.330 0.330 0.330 0.330 0.330
Pµz/ Iµz ∅ 0.450 0.450 0.450 0.450 0.450 0.450 0.450 0.450 0.450 0.450
Rµz/ Iµz ∅ 0.550 0.550 0.550 0.220 0.220 0.220 0.220 0.220 0.220 0.220
Fmz/ Imz ∅ ∅ ∅ ∅ ∅ ∅ 0.300 0.300 0.300 0.300 0.300
Emz/ Imz ∅ ∅ ∅ ∅ ∅ 0.148 0.148 0.148 0.148 0.148 0.148
Pmz/ Imz ∅ ∅ 0.249 0.249 0.249 0.249 0.249 0.249 0.249 0.249 0.249
Rmz/ Imz 1.000 1.000 0.752 0.752 0.752 0.603 0.303 0.303 0.303 0.303 0.303
PPD/PPT 0.200 0.200 0.200 0.200 0.200 0.200 0.200 0.200 0.200 0.200 0.200
PPPµz/PPp 0.000 0.650 0.650 0.650 0.650 0.650 1.000 0.900 0.650 0.250 0.000
PPPmz/PPp 1.000 0.350 0.350 0.350 0.350 0.350 0.000 0.100 0.350 0.750 1.000

Table A2. Parameters (flows out of compartments) for the 7 steps of the steady-state food-web model illustrated in Figs. 1a & 3,
and described in Table 4 (without viral lysis, 15°C). Values in the present table specify each output flow from a compartment, and
are expressed as a fraction of the total input flows into that compartment. The sum of parameter flows out of any compartment is
1. ∅ indicates that the flow does not exist in the given model. The 5 last columns are versions of Model Step 7, corresponding to
the extreme microbial (ExMi), microbial (Micr), multivorous (Mult), herbivorous (Herb), and extreme herbivorous (ExHe) food
webs. Because in our model PPD, Eµz, and Emz are channeled directly to BACT, the DOC compartment is not modeled explicitly



Eq. (A15) is based on Eq. (A14) and Eqs. (2 & 7). Given
Eq. (A14), AEmz = 0.7 and Pmz/Amz = NGEmz (Eq. 5),
Eq. (A15) becomes:

Emz/ Imz = 0.23 × (1 – NGEmz) = 0.33 × (0.7 – Pmz/ Imz) 
(A16)

The equation for the Rmz/ Imz parameter is parallel to
Eq. (A9) for µZOO:

Rmz/ Imz = 1 – (Fmz/ Imz + Pmz/ Imz + Emz/ Imz)
(A17)

Eq. (A17) combines Eqs. (A10), (A12) & (A16) and Eq. (3).
All components of the planktonic food web consume

varying amounts of organic detritus. In our model,
there are 2 pathways leading from detritus to both
bacterial use of DOC released from fecal pellets, and
use of particulate detritus by mesozooplankton and
bacteria. Given these known pathways, we partitioned
the organic detritus (D) between bacteria and meso-
zooplankton (Db/D and Dmz/D) in the proportion
0.6:0.4. The remaining parameter in Table A2, i.e.
metazoan respiration (Rmetaz), was set to 1.0 by model
construction.

Fig. A1 compares the temperature dependence of
BGE, GGEµz, NGEmz, and GGEmz (assuming AEmz =
0.7), as defined by Eqs. (A1), (A4), (A11) & (A12). The
figure shows that, in our model, BACT and µZOO
respond similarly to temperature (similar slopes), and
these 2 compartments are more temperature depen-
dent (higher slopes) than MZOO.

Computation of steady-state solution

The steady-state solution for each run of the model
was computed as follows. Each modeled output flow
was expressed as a linear function of the relevant flow
parameters, and all flow equations were written in the

same row of a Microsoft Excel spreadsheet. Because
there are backward flows in the model (i.e. E and F;
Figs. 1 & 5), the Excel solution required multiple itera-
tions. This was achieved by activating the ‘Iteration’
feature of Excel (up to 1000 iterations). All output flows
corresponding to the steady-state solution were thus
modeled simultaneously.

Comparisons with other studies

Table A3 compares the values of parameters at Step
7 of our model (multivorous food web, without viral
lysis; Table A2) and in the model of Anderson & Duck-
low (2001). Although the parameters were determined
quite differently in the 2 studies, the 2 sets of parame-
ter values are remarkably similar.

Our modeled flows A and R of BACT + µZOO for the
5 planktonic food webs at 15°C (Table 6) are (Pb + Rb +
Pµz + Rµz + Eµz) = 68 to 162% and (Rb + Rµz) = 56 to 67%
of PPT, respectively. These modeled values are similar
to the field-based values summarized in Table 3 for
BACT and µZOO in 3 zones of the world ocean (i.e.
∑A/PPT = 112 to 142% and ∑R/PPT = 67 to 96%). In
addition, values of BACT carbon demand reported in
Table 6 (i.e. Pb + Rb = 0.56 to 0.67) are similar to those
reported by Anderson & Ducklow (2001; i.e. BCD-PP at
the bottom of their Fig. 4) for the steady-state subarctic
North Pacific (0.68), Equatorial Pacific (1.70), and Sar-
gasso Sea (0.79), especially that these authors included
viral lysis of BACT in their model, and we did not.

Viral lysis of bacteria

In our steady-state model (Figs. 1a & 5), all Pb is con-
sumed by µZOO, i.e. Pb is the grazer-mediated BACT
mortality. Recent studies suggest that up to half of
BACT mortality may be due to viral lysis. In order to
assess the effect of Lb on food-web processes, we
added to our model (Fig. 3, Table 4) a simple ‘lysis
loop’ (Fig. 4), which implements the partitioning of Ab

among Pb, Rb, and Lb as discussed in the text (Eq. 4,
Fig. 2c).

Because in steady-state models, the biomasses of
compartments are constant, grazing-mediated BACT
mortality in our model is equal to Pb. Consequently,
when there is mortality due to viral lysis, total BACT
mortality is equal to (Pb + Lb). Here, we define a bacte-
rial lysis mortality factor (BLMF):

BLMF = Lb/ (Pb + Lb) (A18)

This factor will be used to calculate the BACT parame-
ters required to run the model with viral lysis, i.e.
Pb/Ab, Rb/Ab, and Lb/Ab. It follows from Eq. (4) that:
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Fig. A1. Temperature dependence of the 4 growth efficien-
cies used in the model. GGEmz was calculated from NGEmz

assuming AEmz = 0.7 (Eq. A12)



Rb/Ab = 1 – (Pb/Ab) – (Lb/Ab) (A19)

Hence, to compute parameter Rb/Ab, one needs para-
meters Pb/Ab and Lb/Ab.

As explained in the text (section ‘Model effects of
DOC release from bacteria’), Fuhrman (1992, 1999)
used steady-state models to explore the effects of viral
lysis on carbon flows implicitly assuming that Rb/Ab

was the same in the absence and the
presence of lysis, i.e. these models used
BGE2 = (Pb + Lb)/ (Pb + Rb + Lb) (Eq. 10).
It can be shown from Eqs. (4), (10) &
(A18) that the corresponding equations
for Lb/Ab and Pb/Ab are:

Lb/Ab = BGE2 × BLMF (A20)

Pb/Ab = BGE2 × (1 – BLMF) (A21)

BACT parameters Rb/Ab, Lb/Ab, and
Pb/Ab are defined by Eqs. (A19) to
(A21); Table A4 gives the values of
modeled flows in the absence (BLMF =
0.0) and in the presence (BLMF = 0.4) of
viral lysis of BACT, calculated with
Eqs. (A19) to (A21), for the 5 food webs.
BGE2 was assumed to have the same
value as BGE calculated with Eq. (A1)
at 15°C. Results are discussed in the
text.

As further explained in the text, we
also ran our model with the alternative
assumption of constant BGE1 = Pb/(Pb +
Rb) (Eq. 9). In this case, it can be shown
from Eq. (A18) and Eq. (9) that the
equations for Lb/Ab, and Pb/Ab are:

Lb/Ab = BGE1 × BLMF/[(1 – BLMF) + (BGE1 × BLMF)] 
(A22)

Pb/Ab = BGE1 × [1 – (Lb/Ab)] (A23)

In summary, when BGE1 is used, BACT parameters
Pb/Ab, Lb/Ab, and Rb/Ab are calculated with
Eqs. (A22), (A23) & (A19) respectively. Table A5 gives
the values of modeled flows in the presence of viral
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Parameter Present study Anderson and & Ducklow (2001)
Value Value Definition

PER 0.2 0.17, 0.56, 0.27 {PER [0.13, 0.54, 0.23] ×
(1 – ξP)} + ξP [0.05]

Lb/Ab ∅ 0.07, 0.02, 0.04 ξB [0.25] × ω [0.27, 0.09, 0.14]

Pb/Ab 0.22 0.20, 0.07, 0.11 (1 – ξB) × ω
Rb/Ab 0.78 0.73, 0.91, 0.86 (1 – ω)

Db/D 0.6 1

Dmz/D 0.4 0

Rlarge/ Ilarge 1 1

Eµz/ Iµz 0.33 ∅
Pµz/ Iµz 0.45 ∅
Rµz/ Iµz 0.22 ∅
Fmz/ Imz 0.3 0.25 1 – AE [0.75]

Emz/ Imz 0.15 0.05 φ1 [0.3] – (1 – AE)

Pmz/ Imz 0.25 0.25 kc [0.36] × (1 – φ1)

Rmz/ Imz 0.3 0.45 (1 – φ1) – Pµz

PPPµz/PPp 0.65 ∅
PPPmz/PPp 0.35 1

Table A3. Values of parameters for our steady-state Model Step 7 for the multiv-
orous food web, without lysis at 15°C (Table A2, Figs. 1a & 3), and that of Ander-
son & Ducklow (2001). The model of Anderson & Ducklow (2001) considers only
1 size class each for phytoplankton and zooplankton; symbols are defined in
their paper. ∅ indicates that the flow does not exist in the given model

Food web IC AC PC Pb Rb Lb Pµz Rµz Eµz PDOC

Absence of viral lysis of bacteria (BLMF = 0.0)
Extr. microb. 2.22 2.08 0.69 0.15 0.52 0.00 0.43 0.21 0.31 0.47
Microbial 2.19 2.03 0.66 0.14 0.52 0.00 0.39 0.19 0.29 0.46
Multivorous 2.11 1.91 0.60 0.14 0.49 0.00 0.30 0.14 0.22 0.43
Herbivorous 1.98 1.72 0.49 0.13 0.46 0.00 0.15 0.07 0.11 0.39
Extr. herb. 1.89 1.60 0.42 0.12 0.44 0.00 0.05 0.03 0.04 0.36

Presence of viral lysis of bacteria (BLMF = 0.4)
Extr. microb. 2.17 2.03 0.61 0.09 0.55 0.06 0.40 0.20 0.29 0.44
Microbial 2.14 1.98 0.58 0.09 0.54 0.06 0.36 0.18 0.27 0.43
Multivorous 2.06 1.87 0.52 0.09 0.52 0.06 0.27 0.13 0.20 0.41
Herbivorous 1.93 1.68 0.41 0.08 0.48 0.05 0.13 0.06 0.09 0.36
Extr. herb. 1.85 1.56 0.35 0.08 0.46 0.05 0.03 0.02 0.03 0.34

Table A4. Values of modeled flows under the assumption that Rb /Ab was the same in the absence (BLMF = 0.0) and in the
presence (BLMF = 0.4) of viral lysis of BACT, i.e. constant BGE2. Values were calculated with Eqs. (A19) to (A21), for the 5 food
webs. BGE2 was assumed to have the same value as BGE calculated with Eq. (A1) at 15°C. Bold values: difference ≥15% 

between BLMF = 0.0 and BLMF = 0.4



lysis (BLMF = 0.4), calculated with Eqs. (A22), (A23) & 
(A19), for the 5 food webs at 15°C (Eq. A1). These val-
ues are to be compared with those in the last 5 rows of
Table 6. Results are discussed in the text.

Viral lysis of phytoplankton

As presented in the text (section ‘Model effects of
DOC release from bacteria’), some published models
include the effects of viral lysis of both BACT and
PHYTO (e.g. Fuhrman 1999, Wilhelm & Suttle 1999).
To assess the effects of including PHYTO viral lysis,
we ran our model with viral lysis of both BACT
(BLMF = 0.4) and PHYTO (simulated by increasing
PHYTO PER from 0.20 to 0.25). Table A6 gives the
values of modeled flows for different runs of our
model, for the multivorous food web at 15°C. The

results show that, independently from the assumption
concerning constant BGE1 or BGE2 (above), the addi-
tion of PHYTO viral lysis increases Rb and decreases
the µZOO flows.

Phytodetritus

As explained in the text (section ‘Effects of phytode-
tritus’), we did not initially consider the formation of
phytodetritus in the euphotic zone. To examine a pos-
sible effect of this process on our modeled results, we
ran the model assuming that 20% of PPP was trans-
ferred to phytodetritus and 80% was consumed by
µZOO and MZOO. Resulting modeled flows for the 5
planktonic food webs are given in Table A7, where
they are compared with those in the last 5 rows of
Table 6. Results are discussed in the text.

5

Food web IC AC PC Pb Rb Lb Pµz Rµz Eµz PDOC

Extr. microb. 2.32 2.17 0.69 0.15 0.52 0.10 0.43 0.21 0.31 0.47
Microbial 2.28 2.13 0.66 0.14 0.52 0.10 0.39 0.19 0.29 0.46
Multivorous 2.20 2.00 0.60 0.14 0.49 0.09 0.30 0.14 0.22 0.43
Herbivorous 2.06 1.81 0.49 0.13 0.46 0.09 0.15 0.07 0.11 0.39
Extr. herb. 1.98 1.68 0.42 0.12 0.44 0.08 0.05 0.03 0.04 0.36

Table A5. Values of modeled flows under the assumption of constant BGE1 with viral lysis (BLMF = 0.4), calculated with Eqs.
(A19), (A22) & (A23), for the 5 food webs at 15°C (Eq. A1). Values below are compared with those in the last 5 rows of Table 6 (i.e.
modeled flows, with constant BGE1, without lysis). The only values different from those in the last 5 rows of Table 6 are IC, AC, 

and Lb (in Table 6, Lb = 0)

Model run IC AC PC Pb Rb Lb Pµz Rµz Eµz

BGE2 constant 2.11 1.91 0.60 0.14 0.49 0.00 0.30 0.14 0.22
+ BACT lysis 2.06 1.87 0.52 0.09 0.52 0.06 0.27 0.13 0.20
+ PHYTO lysis 2,02 1,84 0,50 0,09 0,54 0,06 0,26 0,13 0,19
BGE1 constant 2.20 2.00 0.60 0.14 0.49 0.00 0.30 0.14 0.22
+ BACT lysis 2.20 2.00 0.60 0.14 0.49 0.09 0.30 0.14 0.22
+ PHYTO lysis 2.17 1.98 0.58 0.14 0.52 0.10 0.28 0.14 0.21

Table A6. Values of modeled flows for the multivorous food web at 15°C. Top rows: assumption of constant BGE2; model runs
without viral lysis, with viral lysis of BACT (BLMF = 0.4), and with viral lysis of both BACT and PHYTO (PHYTO PER increased 

from 0.20 to 0.25), respectively. Lower 3 rows: same model runs as above, with the assumption of constant BGE1

Food web IC AC PC Pb Rb Pµz Rµz Eµz PDOC

Extr. microb. 2.11 1.97 0.63 0.16 0.56 0.36 0.18 0.26 0.36
Microbial 2.09 1.93 0.61 0.15 0.55 0.33 0.16 0.24 0.33
Multivorous 2.02 1.83 0.56 0.15 0.54 0.25 0.12 0.19 0.25
Herbivorous 1.91 1.68 0.47 0.14 0.51 0.14 0.07 0.10 0.14
Extr. herb. 1.85 1.59 0.41 0.14 0.49 0.06 0.03 0.05 0.06

Table A7. Effects of phytodetritus on modeled flows (without viral lysis of bacteria). Values were computed with 20% of PPP trans-
ferred to phytodetritus in the euphotic zone, and 80% of PPP consumed by µZOO and MZOO. Values below are compared with
those in the last 5 rows of Table 6 (i.e. modeled flows, without production of phytodetritus), and differences ≥15% are in bold



Sensitivity analysis

To assess the sensitivity of the model (without viral
lysis of bacteria) to the choice of values for key para-
meters, we increased or decreased by 20% BGE
(Eq. A1), GGEµz (Eq. A4), NGEmz (Eq. A11), Eµz/ (Eµz +
Rµz) = 0.6 (Eq. A6), AEmz × Emz/(Emz + Rmz) = 0.23
(Eq. A14), and AEmz = 0.7. Table A8 shows the effects
of these changes on the same modeled flows as in
Table 6, for the 5 planktonic food webs at 15°C. Values
in Table A8 that differ from those in Table 6 by ≥15%
are in bold. The results discussed in the next para-
graph are relative to the 3 non-extreme food webs.

Most of the flows in Table A8a to f are quite insensi-
tive to changes in parameter values, and only a few
show a difference ≥15%. The BACT and µZOO flows
and heterotrophic DOC production (PDOC) are quite
insensitive to the 2 MZOO parameters, i.e. NGEmz and
AEmz × Emz/(Emz + Rmz). In contrast, the BACT flow Pb

is sensitive to changes in BGE (Table A8a). The 3
µZOO flows (Pµz, Rµz, and Eµz) are sensitive to changes
in GGEµz (Table A8b), and Rµz and Eµz are sensitive to
Eµz/ (Eµz + Rµz) (Table A8d). Heterotrophic DOC pro-
duction is sensitive to changes in AEmz, which, in turn,
influences Pb and Rb in the herbivorous food web
(Table A8f). According to Table A8, the sensitivity of
our model to its parameters is as follows: AEmz >
Eµz/ (Eµz + Rµz) > BGE > GGEµz > AEmz × Emz/(Emz + Rmz)
> NGEmz.

To assess the sensitivity of the model with viral lysis
of bacteria (Eqs. A19 to A21) to the choice of value for
parameter BLMF (Eq. A18), we increased or decreased
by 20% BLMF = 0.4. Table A9 shows the effects of
these changes on the same modeled flows as in the
bottom part of Table A4, for the 5 planktonic food webs
at 15°C. Values in Table A9 (except Lb) differ from
those in Table A4 by <15%, indicating that our model
is not very sensitive to the value of parameter BLMF.
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Food web IC AC PC Pb Rb Pµz Rµz Eµz PDOC

BGE + 20%
Extr. microb. 2.29 2.14 0.75 0.18 0.51 0.44 0.22 0.32 0.49
Microbial 2.26 2.09 0.72 0.18 0.50 0.40 0.20 0.30 0.48
Multivorous 2.17 1.97 0.65 0.17 0.48 0.31 0.15 0.23 0.45
Herbivorous 2.04 1.78 0.53 0.16 0.44 0.16 0.08 0.12 0.40
Extr. herb. 1.95 1.66 0.46 0.15 0.42 0.07 0.03 0.05 0.37

BGE – 20%
Extr. microb. 2.15 2.01 0.64 0.11 0.54 0.41 0.20 0.30 0.46
Microbial 2.12 1.97 0.62 0.11 0.53 0.37 0.18 0.27 0.44
Multivorous 2.04 1.85 0.55 0.11 0.51 0.28 0.14 0.21 0.42
Herbivorous 1.92 1.67 0.44 0.10 0.47 0.13 0.07 0.10 0.37
Extr. herb. 1.84 1.55 0.38 0.10 0.45 0.04 0.02 0.03 0.35

Table A8a. Sensitivity analysis. Modeled flows (without viral lysis of bacteria) were computed with BGE = 0.218 at 15°C (Eq. A1)
being increased and decreased by 20%. Values below are compared with those in the last 5 rows of Table 6 (i.e. modeled 

flows, with standard parameters), and differences ≥15% are in bold

Food web IC AC PC Pb Rb Pµz Rµz Eµz PDOC

GGEµz + 20%
Extr. microb. 2.31 2.14 0.79 0.14 0.51 0.51 0.17 0.26 0.45
Microbial 2.27 2.09 0.76 0.14 0.50 0.46 0.16 0.24 0.44
Multivorous 2.17 1.95 0.67 0.13 0.48 0.35 0.12 0.18 0.42
Herbivorous 2.01 1.74 0.52 0.13 0.45 0.18 0.06 0.09 0.38
Extr. herb. 1.91 1.61 0.43 0.12 0.44 0.07 0.02 0.03 0.36

GGEµz – 20%
Extr. microb. 2.13 2.01 0.59 0.15 0.54 0.34 0.24 0.37 0.49
Microbial 2.11 1.97 0.57 0.15 0.53 0.31 0.22 0.33 0.48
Multivorous 2.04 1.87 0.53 0.14 0.51 0.24 0.17 0.25 0.45
Herbivorous 1.94 1.70 0.45 0.13 0.47 0.12 0.08 0.13 0.39
Extr. herb. 1.88 1.59 0.40 0.12 0.44 0.04 0.03 0.05 0.36

Table A8b. Sensitivity analysis. Modeled flows (without viral lysis of bacteria) were computed with GGEµz = 0.45 at 15°C (Eq. A4)
being increased and decreased by 20%. Values below are compared with those in the last 5 rows of Table 6 (i.e. modeled 

flows, with standard parameters), and differences ≥15% are in bold
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Food web IC AC PC Pb Rb Pµz Rµz Eµz PDOC

NGEmz + 20%
Extr. microb. 2.23 2.09 0.71 0.14 0.52 0.42 0.21 0.31 0.46
Microbial 2.20 2.04 0.69 0.14 0.51 0.39 0.19 0.28 0.45
Multivorous 2.12 1.93 0.62 0.14 0.48 0.29 0.14 0.22 0.42
Herbivorous 2.00 1.74 0.52 0.12 0.45 0.15 0.07 0.11 0.37
Extr. herb. 1.92 1.63 0.46 0.12 0.42 0.05 0.03 0.04 0.34

NGEmz – 20%
Extr. microb. 2.21 2.06 0.67 0.15 0.53 0.43 0.21 0.31 0.48
Microbial 2.18 2.02 0.64 0.15 0.52 0.39 0.19 0.29 0.47
Multivorous 2.09 1.89 0.57 0.14 0.50 0.30 0.15 0.22 0.44
Herbivorous 1.95 1.70 0.45 0.13 0.47 0.15 0.07 0.11 0.40
Extr. herb. 1.87 1.58 0.38 0.13 0.45 0.06 0.03 0.04 0.38

Table A8c. Sensitivity analysis. Modeled flows (without viral lysis of bacteria) were computed with NGEmz = 0.355 at 15°C (Eq. A11)
being increased and decreased by 20%. Values below are compared with those in the last 5 rows of Table 6 (i.e. modeled 

flows, with standard parameters). None of the differences are ≥15%

Food web IC AC PC Pb Rb Pµz Rµz Eµz PDOC

Eµz/(Eµz + Rµz) + 20%
Extr. microb. 2.32 2.17 0.72 0.16 0.58 0.43 0.15 0.38 0.54
Microbial 2.28 2.12 0.69 0.16 0.57 0.40 0.14 0.35 0.52
Multivorous 2.17 1.98 0.61 0.15 0.53 0.30 0.10 0.26 0.48
Herbivorous 2.01 1.75 0.50 0.13 0.48 0.15 0.05 0.13 0.41
Extr. herb. 1.91 1.61 0.42 0.12 0.44 0.06 0.02 0.05 0.37

Eµz/(Eµz + Rµz) – 20%
Extr. microb. 2.13 1.99 0.67 0.13 0.47 0.42 0.27 0.25 0.40
Microbial 2.10 1.95 0.64 0.13 0.47 0.38 0.24 0.22 0.40
Multivorous 2.04 1.85 0.58 0.13 0.46 0.29 0.19 0.17 0.38
Herbivorous 1.94 1.69 0.48 0.12 0.44 0.15 0.09 0.09 0.36
Extr. herb. 1.88 1.59 0.42 0.12 0.43 0.05 0.03 0.03 0.35

Table A8d. Sensitivity analysis. Modeled flows (without viral lysis of bacteria) were computed with Eµz/(Eµz + Rµz) = 0.6 (Eq. A6) be-
ing increased and decreased by 20%. Values below are compared with those in the last 5 rows of Table 6 (i.e. modeled flows, 

with standard parameters), and differences ≥15% are in bold

Food web IC AC PC Pb Rb Pµz Rµz Eµz PDOC

AEmz ×× Emz/(Emz + Rmz) + 20%
Extr. microb. 2.24 2.10 0.70 0.15 0.54 0.43 0.21 0.31 0.49
Microbial 2.21 2.05 0.67 0.15 0.53 0.39 0.19 0.29 0.48
Multivorous 2.14 1.94 0.60 0.14 0.51 0.30 0.15 0.22 0.45
Herbivorous 2.01 1.76 0.50 0.13 0.48 0.15 0.07 0.11 0.42
Extr. herb. 1.94 1.65 0.43 0.13 0.46 0.06 0.03 0.04 0.39

AEmz ×× Emz/(Emz + Rmz) – 20%
Extr. microb. 2.20 2.06 0.69 0.14 0.51 0.42 0.21 0.31 0.46
Microbial 2.16 2.01 0.66 0.14 0.50 0.39 0.19 0.28 0.44
Multivorous 2.08 1.88 0.59 0.13 0.48 0.29 0.14 0.22 0.41
Herbivorous 1.94 1.68 0.48 0.12 0.44 0.14 0.07 0.11 0.36
Extr. herb. 1.85 1.56 0.41 0.11 0.41 0.05 0.03 0.04 0.33

Table A8e. Sensitivity analysis. Modeled flows (without viral lysis of bacteria) were computed with AEmz × Emz/ (Emz + Rmz) = 0.7
× 0.33 = 0.23 (Eqs. A14 & A15) being increased and decreased by 20%. Values below are compared with those in the last 

5 rows of Table 6 (i.e. modeled flows, with standard parameters). None of the differences are ≥15%



Microbial-hub approach: summary flows

The following equations show the calculation of the
5 summary flows in the microbial-hub approach [i.e.
Rmet, Rhub, Rmet(PPT), Rhub(PPT), and Rmet(hub); Fig. 5c],
using values of PP and of modeled flows from the orig-
inal food-wed model (Table 6). In the equations below
(as in the text and elsewhere in Appendices 1 & 2), PPD,
PPP, and all modeled or calculated flows are expressed
as fractions of PPT or RC (PPT = RC), and PPPµz and PPPmz

are expressed as fractions of PPP.
The equations to compute the 5 summary flows are

as follows. Fig. 5c shows that:

Rmet(PPT) + Rhub(PPT) = 1 (A24)

Rmet(PPT) + Rmet(hub) + Rhub = 1 (A25)

Rmet + Rhub = 1 (A26)

Using Eqs. (A24) to (A26) and Fig. 5a,b, it can be
shown that METAZ respiration is:

Rmet (Fig. 4c) = Rmz + R large (Fig. 5a, b) (A27)

HUB respiration is:

Rhub (Fig. 5c) = Rµz + Rb (Fig. 5a, b) 
= 1 – Rmet (Eq. A26) (A28)

The direct METAZ channeling of PPT toward RC is:

Rmet(PPT) (Fig. 5c) = PPTmz (Fig. 5b) 
= PPP × PPPmz (Fig. 5a) (A29)

The total direct HUB channeling of PPT toward RC is:

Rhub(PPT) (Fig. 5c) = PPTµz + PPD (Fig. 5b) = 

(PPP × PPPµz) + PPD (Fig. 5a)= 1 – Rmet(PPT) (Eq. A24)
(A30)
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Food web IC AC PC Pb Rb Pµz Rµz Eµz PDOC

AEmz + 20%
Extr. microb. 2.14 2.06 0.69 0.13 0.48 0.42 0.21 0.31 0.42
Microbial 2.10 2.02 0.66 0.13 0.47 0.38 0.19 0.28 0.40
Multivorous 1.99 1.89 0.59 0.12 0.44 0.29 0.14 0.21 0.36
Herbivorous 1.83 1.70 0.48 0.11 0.39 0.14 0.07 0.10 0.29
Extr. herb. 1.72 1.58 0.41 0.10 0.35 0.04 0.02 0.03 0.25

AEmz – 20%
Extr. microb. 2.32 2.09 0.70 0.16 0.57 0.43 0.21 0.32 0.53
Microbial 2.30 2.04 0.67 0.16 0.57 0.40 0.19 0.29 0.53
Multivorous 2.24 1.93 0.60 0.16 0.56 0.30 0.15 0.22 0.52
Herbivorous 2.15 1.75 0.49 0.15 0.54 0.16 0.08 0.12 0.50
Extr. herb. 2.09 1.63 0.43 0.15 0.53 0.07 0.03 0.05 0.48

Table A8f. Sensitivity analysis. Modeled flows (without viral lysis of bacteria) were computed with AEmz = 0.7 (Eq. A12) being in-
creased and decreased by 20%. Values below are compared with those in the last 5 rows of Table 6 (i.e. modeled flows, with 

standard parameters), and differences ≥15% are in bold

Food web IC AC PC Pb Rb Lb Pµz Rµz Eµz PDOC

BLMF + 20%
Extr. microb. 2.16 2.02 0.59 0.08 0.56 0.07 0.40 0.19 0.29 0.44
Microbial 2.12 1.97 0.56 0.08 0.55 0.07 0.36 0.18 0.26 0.43
Multivorous 2.05 1.86 0.50 0.08 0.53 0.07 0.27 0.13 0.20 0.40
Herbivorous 1.92 1.67 0.40 0.07 0.49 0.07 0.12 0.06 0.09 0.36
Extr. herb. 1.84 1.56 0.33 0.07 0.46 0.06 0.03 0.01 0.02 0.33

BLMF – 20%
Extr. microb. 2.18 2.04 0.62 0.10 0.55 0.05 0.41 0.20 0.30 0.45
Microbial 2.15 1.99 0.60 0.10 0.54 0.05 0.37 0.18 0.27 0.44
Multivorous 2.07 1.88 0.53 0.10 0.51 0.05 0.28 0.14 0.20 0.41
Herbivorous 1.94 1.69 0.43 0.09 0.48 0.04 0.13 0.06 0.10 0.37
Extr. herb. 1.86 1.57 0.36 0.09 0.46 0.04 0.04 0.02 0.03 0.34

Table A9. Sensitivity analysis. Modeled flows (with viral lysis of bacteria) were computed for with BLMF = 0.4 (Eq. A18) being in-
creased and decreased by 20%. Values below are compared with those in the last 5 rows of Table A4 (i.e. modeled flows, with 

BLMF = 0.4), and differences ≥15% are in bold



Effects of viral lysis on bacterial growth efficiency

The usual field methods for estimating Pb (i.e. incor-
poration of radio-labeled leucine or thymidine in bac-
terial proteins or nucleic acids, respectively, and the
appropriate biomass conversion factors) quantify the
increase in bacterial biomass during the incubation
period. Since the production of biomass can occur only
with accompanying uptake of organic carbon, the
computed or observed increase in biomass for a bacte-
rial population is the net value of both the loss of cellu-
lar material (i.e. Lb) and the use of organic carbon in
catabolic processes (i.e. Rb):

Pb = Ab – (Rb + Lb) (A32)

Hence, net changes in biomass (Eq. A32; equations
with ‘A’ designations are in the Appendices; those with-
out are in the text) take into account the effect of Lb on
the bacterial compartment as described in Eq. (4).

The effect of Lb on bacterial growth efficiency
(BGE) depends on how BGE was computed. As
explained in the text (Eqs. 9 & 10), there are gener-
ally 2 ways to estimate BGE. In the first one, the
denominator of BGE is (Pb + Rb); thus, Eq. (9) is for-
mulated:

BGE1 = Pb / (Pb + Rb)

The second way to estimate BGE, is when the denomi-
nator represents substrate assimilation or uptake,
which is functionally equivalent to (Pb + Rb + Lb), or as
given in Eq. (10):

BGE2 = (Pb + Lb) /Ab = (Pb + Lb) / (Pb + Rb + Lb)

The following equation shows that for the same Pb and
Rb, BGE1 > BGE2:

BGE1:BGE2 = (Pb × Ab) / [(Pb × Ab) + (Rb × Lb)] < 1.0
(A33)

Since the magnitude of Lb and mortality due to micro-
zooplankton grazing (which in our model is equal to

Pb) may be similar (see the section ‘Components of a
generalized planktonic food-web model–Effects of
DOC released from bacteria’), the effect of Lb on esti-
mates of BGE could be large.

As explained in the text, Rb is generally computed
with Eq. (11) (e.g. del Giorgio & Cole 2000, Rivkin &
Legendre 2001) as follows:

Rb = (Pb/BGE1) – Pb

Eq. (11) is correct when BGE = BGE1 (Eq. 9). Hence, Rb

requires estimates of Pb and BGE1. It does not require
an estimate of Lb.

In cases where the reported BGE = BGE2 (Eq. 10), Rb

is computed as follows:

Rb = [(Pb + Lb) /BGE2] – (Pb + Lb) (A34)

When using Eq. (A34), BGE2, Pb, and Lb must be
known. Rb would be overestimated if computed using
BGE2 and Eq. (11), i.e. neglecting the effect of Lb.

Use of Px:PP instead of Rx:PP

The occurrence of Px:PP values in the literature sug-
gests that, even if other ecosystem properties than R
are not additive, Px:PP contains useful and diagnostic
food-web information, e.g. for comparing either a
given food-web compartment under different environ-
mental conditions or different food-web compartments
within a given system. This section shows that this is
not the case, and that using Px:PP instead of Rx:PP
biases the characterization of food-web relationships.

What is the influence of using Px:PP instead of Rx:PP
to compare a given food-web compartment under dif-
ferent environmental conditions? We consider this situ-
ation for BACT with the same Rb:PP at 3 temperatures
(i.e. T = 5, 15, and 25°C; the ratio of Rb:PP among the
3 temperatures would be 1:1:1). Using Eq. (11) and
Eq. (A1) gives (Pb:PP):(Rb:PP) = 0.48, 0.28, and 0.13, at
5, 15, and 25°C, respectively; the corresponding ratio
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The difference between the channeling of carbon by
HUB toward METAZ R, and by METAZ toward HUB R is:

Rmet(hub) (Fig. 5c), = Pµz – (Db + Emz) (Fig. 5a,b)
= 1 – [Rmet(PPT) + Rhub] (Eq. A25)  

= Rmet – Rmet(PPT) = Rhub(PPT) – Rhub (A31)

Positive Rmet(hub) values represent a net transfer
of carbon from HUB toward METAZ R, and nega-
tive values represent a net transfer of carbon from
METAZ toward HUB R. Eqs. (A27) to (A31) were used
to compute the summary flows in Tables 8 & 9.

Appendix 2. Food-web and biogeochemical considerations



of Pb:PP among the 3 temperatures is 3.7:2.2:1. The lat-
ter ratio is very different from Rb:PP = 1:1:1. Hence,
using Px:PP instead of Rx:PP to compare the activity of
a food-web compartment in various environments pro-
vides a distorted picture of the activity of that food-web
compartment.

If we compare Px:PP instead of Rx:PP for different
food-web compartments within a given system, there
is a similar bias to that described in the above para-
graph. Let us consider the hypothetical case of a sys-
tem (at 15°C) where (Rb:PP):(Rµz:PP):(Rmz:PP) = 5:3:1.
The calculations are more complex than in the previ-
ous paragraph because the dependence of GGE and
NGE on environmental factors is not the same for the
different compartments (i.e. Eqs. (A1), (A4) & (A11) for
BGE, GGEµz, and NGEmz, respectively, in Electronic
Appendix 1, where the growth efficiencies are ex-
pressed as a function of T). Using the previously cited
expressions for growth efficiencies, and the appropri-
ate equations from Appendix 1 gives, for our hypo-
thetical case (Pb:PP):(Rb:PP) = 0.3 (Eq. 9), (Pµz:PP):
(Rµz:PP) = 2.0 (Eqs. A5 & A9), and (Pmz:PP):(Rmz:PP) =
0.8 (Eqs. A10, A12, A16 & A17); the corresponding
ratio of Px:PP, relative to Pmz:PP, is (Pb:PP):
(Pµz:PP):(Pmz:PP):(Plarge:PP) = 1.7:7.5:1. The latter ratio
is very different from (Rb:PP):(Rµz:PP):(Rmz:PP) = 5:3:1.
Hence, using Px:PP instead of Rx:PP to compare the
activity of different food-web compartments within a
system provides a distorted picture of the activity of
these compartments.

Conditions for Ax > PP in the ocean

We defined in the section ‘Assessing the roles of
planktonic food-web compartments–Uses and misuses
of Ix:PP, Ax:PP, and Rx:PP ’ of a steady-state food web
as one where the biomasses of the food-web compart-
ments were constant. In the ocean, a second steady-
state condition is that there is no net import (M) or
export (X) of organic carbon from and to the euphotic
zone.

In the ocean, PP is generally not entirely respired in
the euphotic zone, i.e. some particulate organic carbon
is vertically exported to depth. In addition, there is hor-
izontal M and X. Eq. (15) summarizes the overall bal-
ance between X, and M, PP, and RC:

X = M + PP – RC (A35)

In order to include X and M in our steady-state food-
web model, we combined Eqs. (2 & A35):

AC = PC + EC + PP + (M – X) (A36)

Alternatively:
AC = PC + EC + PP – (X – M) (A37)

The first steady-state condition (i.e. constant bio-
masses) is generally achieved only at large spatial
scales (e.g. ocean basins) and long temporal scales (i.e.
1 or several years). Over smaller and shorter scales, the
biomasses of food-web compartments can vary, and AC

may be smaller than PP. The scale over which the sec-
ond steady-state condition (i.e. M = X) is achieved is
not well constrained, and it is not known if steady state
may occur at the scale of ocean basins or the world
ocean. For example, carbon inputs from continents via
rivers (~0.25 to 0.4 Gt yr–1; Probst 1992, Cauwet 2002)
and the atmosphere (i.e. 1.5 to 3 Gt yr–1; Duce et al.
1991, Cornell et al. 1995, del Giorgio & Duarte 2002)
are in approximate balance with the vertical export of
particles at ~2000 m (i.e. 1 to 2 Gt yr–1; Lampitt & Antia
1997, Bauer & Druffel 1998, Antia et al. 2001).

Following, we examine contrasting non-steady-state
situations where M > X and X > M. The first case is that
of waters where M > X, and where there is conse-
quently net import of organic carbon [i.e. M – X > 0;
it follows from Eq. (35) that RC > PP]. Examples are
near-shore waters (i.e. import of continental DOC),
and areas of the ocean where RC > PP (i.e. net hetero-
trophic regions; to date, these areas have been identi-
fied from discrete, short-term observations). When the
sum of RC and X exceeds contemporaneous PP, an
import of organic carbon is required to supplement the
local PP; carbon may be transported by advection from
regions where RC < [PP + (M – X)]. In waters where
(M – X) > 0, all terms on the right-hand side of
Eq. (A36) are positive, showing that AC > PP. The sec-
ond case is that of regions where X > M and where
there is consequently net export of organic carbon (i.e.
X – M > 0; it follows from Eq. A35 that PP > RC). Exam-
ples are areas of high PP, where PP > RC and from
which POC and/or DOC are exported downwards
and/or advected laterally. For this situation, Eq. (A37)
shows that AC > PP when (X – M) < (PC + EC) and
AC < PP when (X – M) > (PC + EC). These conclusions
are summarized in Table 2, which shows that the only
case where AC < PP is when both X > M and (X – M) >
(PC + EC). In other words, even under non-steady-state
conditions, generally AC > PP.

Effects of dissolved PP on estimates of Rx:PP

Values of Rx:PP (or RC:PP) reported in the literature
are often not comparable because of the use of differ-
ent variables (i.e. forms of primary production) are
used in the denominator. It is explained in the section
‘Assessing the roles of planktonic food-web compart-
ments–Effects of dissolved PP on estimates of Rx:PP’
that, for example, Rx is generally divided by PPP. The
latter is typically determined from isotope fluxes (e.g.
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14 or 13C uptake or 18O production), but, in some cases, it
may be derived from phytoplankton growth (estimated
during dilution assay experiments) that is multiplied
by phytoplankton standing stock (e.g. Landry et al.
2000, Laws et al. 2000). However, the dissolved compo-
nent of PP (i.e. PPD) can account for a significant frac-
tion of total PP (PPT = PPD + PPP), with global medians
of PPD:PPT (often called ‘phytoplankton exudation rate’
or ‘percentage of extracellular release’, PER) ranging
between 15 and 20% (reviews by Baines & Pace 1991,
Nagata 2000, Marañón et al. 2004 and references cited
therein). Given that osmotrophy by bacteria is a domi-
nant pathway of organic carbon remineralization in the
sea, the denominator in any computation of the frac-
tion of PP respired must include PPD as well as PPP (i.e.
Rx:PPT) if this ratio is to be used as a valid metric for
assessing trophic conditions or comparing food-web
compartments. An alternative approach (e.g. Rivkin &
Legendre 2001, Robinson et al. 2002, Robinson &
Williams 2005) is to divide Rx by RC (i.e. Rx:RC). The 3
dominators described above are not comparable: gen-
erally PPD > 0, hence PPP ≤ PPT, and because part of
PPT may not be respired locally (i.e. it may be ex-
ported), then RC ≤ PPT. It follows that:

Rx:RC × Rx:PPT (A38)
and

Rx:PPp > Rx:PPT (A39)

For example, Calbet & Landry (2004) divided Rµz by
PPP, whereas Rivkin & Legendre (2001) divided Rb by
RC, and Anderson & Ducklow (2001) divided Rb by PPT

(in their steady-state model, PPT is the same as RC). To
compare ecosystem or food-web responses using the
ratio of respiration to an ecosystem property requires
that the denominators be the same. Unfortunately this
is frequently not done, and leads to confusion in the lit-
erature. In the case of marine ecosystems, the numera-
tor of ratios should be Rx and the denominator should
be RC or PPT.

Another approach to estimate Rx:PP, already men-
tioned in the section ‘Assessing the roles of planktonic
food-web compartments–Effects of dissolved PP on
estimates of Rx:PP’, was described by Calbet & Landry
(2004) for microzooplankton. They computed Rµz:PPP

by multiplying Iµz:PPP (determined from dilution ex-
periments) by a literature-derived value of Rµz:Iµz. The
resulting value of Rµz:PPP depends on the specific
Rµz:Iµz used. For example, Calbet & Landry (2004)
chose a constant Rµz:Iµz = 0.5, and added 5% of PPP to
account for the feeding of bacterivorous protozoans on
Pb. They reported that Rµz:PPP ranged from 35 to 43%
over representative habitats of the world ocean. Other
studies have used instead Rµz:Iµz = 0.2 (Vézina & Pace
1994, Vézina et al. 2000, Richardson et al. 2004) or
Rµz:Iµz = 0.42 (Niquil et al. 1999) to model planktonic

food webs in lakes, coastal waters, and the open ocean.
Applying Rµz:Iµz = 0.2 or 0.4 to the Aµz:PPP values of
Calbet & Landry (2004; last column in their Table 1)
gives Rµz:PPP (computed as they did) ranging from
17 to 29% or 20 to 35%, respectively. Hence, the use
of a constant Rµz:Iµz to estimate ocean-basin scale pro-
cesses must be viewed with caution, especially consid-
ering the sensitivity of Rµz:Iµz to variations in environ-
mental conditions (including but not limited to
temperature).

Some of the main points above are illustrated in
Table 3, which is discussed in the text. Anderson &
Ducklow (2001) report values that are comparable to
our Rb:PPT (bottom of Fig. 4 in Anderson & Ducklow
2001; BR = Rb:RC = Rb:PPT) for 3 ocean areas that are
assumed to be in steady state: the subarctic North
Pacific, the Sargasso Sea, and the Equatorial Pacific,
where Rb:RC = 0.43, 0.52, and 0.71, respectively. These
values are very similar to those in our more geograph-
ically general regions of polar, temperate, and tropical
zones of the world ocean, where Rb:PPT = 0.56, 0.52,
and 0.75, respectively (Table 3).
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