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Figure S1: Schematic of the functional response curve and Grazing Pressure diagnostic. A
type III single-prey response curve, parameterized with K = 1 and G = 1 is shown in black
along with it’s associated Grazing Pressure, calculated at P = 0.56, the global, mean annual
phytoplankton concentration across all simulations in the standard experiment suite (Table S1).
It is then shown how the response curve, and its associated Grazing Pressure, is modified by
halving K (blue), doubling G (red), or switching to a type II response (grey). In all cases,
Grazing Pressure increases.
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Figure S2: Sensitivity of Grazing Pressure to the selection of P. Grazing Pressure was com-
puted using a range of values for P, including the global mean value averaged across our exper-
iments as well as the global mean and median values from the remote sensing record. We then
sorted the full set of model approximation and empirical estimates from weakest to strongest
Grazing Pressure. The order in that hierarchy is plotted against the assumed P value, from
dark blue (1°%) being the weakest and dark red (13'") being the strongest. In panel A. each
non-phytoplankton biomass type (i.e. bacteria, detritus/POC, and zooplankton) was assumed
equal to phytoplankton biomass. In panel B. and C. non-phytoplankton biomass was doubled
and halved, respectively. The order of each model is generally consistent (i.e. a similar color
moving left to right), regardless of assumptions about P or non-phytoplankton biomass, im-
plying that Grazing Pressure is a robust metric with which to compare differences in assumed
grazing rates between models. In other words, the relative rate of grazing (between models) is
not overly sensitive to standardized mean prey abundance.



4P _ NpP-g(Z]-rP-aP

T-dependent Saturation Div Rate
Tbio = abio*bbio™(cbio*Temp)
abio = 5.44 (1/s); bbio = 1.066 (1/d); cbio = 1 (1/C)

Nutrient Limited Division Rate
Nbio = Tbio(i,k)*bion/ (k1bio(i,j)+bion))

3
klbio = .7 (mmol N/m?) \\\z‘\‘
£

Light Limited Division Rate S

x\
Lbio = Thio*(1.0-exp(albio*PAR/Tbio)) NS
albio = 2.9 e-6 (m?/d W)

Net Primary Production
NPP = min(Lbio, Nbio)*[P]

Nutrient
Pool
Ay,
/(,(b
%,
4N — rp+rZ+rD- NPP 2y
O/?O
Phytoplankton Mortality and Remineralization Rate O‘"/}/o
%

rP = muepbio*bbio~(chio*Temp)*[P]
muepbio = 0.039 (1/d)

Zooplankton Respiration, Excretion and Remineralization Rate
rZ = gam2bio*bbio”(cbio*Temp)*(Z]
gam2bio = 0.0099 (1/d)

Detritus Respiration, Excretion and Remineralization Rate
rD = muedbio*bbio™(cbio*Temp)*[Z]
muedbio = 0.048 (1/d)

42— Gsp-rzZ-mz

Zooplankton Specific Grazing Rate

% g = ghio*epsbio*[P]?/(gbio+epsbio*[P]?)
%, gbio = guax (1/d); epsbio = gua/K?/2)
04(
o}’o Gross Secondar Production
z%j GSP = gambio*g*[Z]
% gambio = .925
%,

Heterotrophic Respiration, Remineralization and Excretion

—é 5 Zooplankton
: £ o & Pool
:; if &lbs &eg;“
kel %:C“ N &
= $ > L
& 4 diDl — gp+ mZ+sZ—-rD
& S dt
>
w\0{\' Phytoplankton Aggregation
aP = muepsbio *[P]?
muepsbio = 0.250 (m?/d*mmolC)
Zooplankton Sloppy Feeding
Detritus sZ = (1-gambio)*g*(Z]
Pool

Zooplankton Mortality
mZ = muezbio*[Z]?
muezbio = 0.337 (m*®/d*mmolC)

Sinking (Export
Production)

Figure S3: Partial schematic of the control WOMBAT BGC model configuration. Only includes
Nutrient (N), Phytoplankton (P), Zooplankton (Z), Detirtius (D) state variables.
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Figure S4: Sensitivity of marine biogeochemistry to Grazing Pressure. Globally averaged,
mean-annual model output for simulations using a type III (solid line) and type II (dashed line)
are plotted against their prescribed Grazing Pressure. The format is identical to Fig. 1 (in Main
Text), except additional variables and the suite of Type II experiments are included.
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Figure S5: Sensitivity of marine biogeochemistry to model tuning. Identical to Fig. 2 (in
Main Text), but for additional model output (same as shown in Fig. S4). Horizontal lines have
been added to show the mean value, averaged across the ‘Fast’ (dashed) and ‘Standard’ (solid)
ensembles. Ensemble averages are computed between dashed vertical lines on the curves fit to
each set of experimental data.
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. . Control
Experiment Suite (WOMBAT) Standard Type II Fast
Zooplankton Functional
Response Type III Type III Type II Type III
Phytoplankton Saturation 238
Growth Rate fl} 16°C 0.75 0.75 0.75 (MARBL)
KEmax (d™7)
Zooplankton-specific
Saturation Grazing Rate 1.575 [.5,1,2] [.5,1,2] [.5,1,2]
gmax (A7)
Half-Saturation
Concentration 6.57 [.5,1,2,4,8,16] | [.5,1,2,4,8,16] | [.5,1,2,4,8,16]
Ky p (0IC)

Table S1: Description of model runs. The functional response type and parameterization of
each experiment suite and control run are indicated. All other aspects of the BGC model con-
figuration and parameterization are identical to the standard configuration of WOMBAT.



