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Abstract. Kaiser (2011) has introduced an improved methodduction (GOP) from the triple oxygen isotopic composi-
for calculating gross productivity from the triple isotopic tion of dissolved oxygen'(A). The derived equations im-
composition of dissolved oxygen in aquatic systems. Hisprove upon previous methods of calculating GOP in that they
equation avoids approximations of previous methodologiesavoid approximations and account for additional processes
and also accounts for additional physical processes such asich as kinetic fractionation during air-sea evasion and in-
kinetic fractionation during invasion and evasion at the air-vasion of oxygen. These new equations and similar results
seainterface. However, when comparing his new approach tof Prokopenko et al. (2011), provide improved methodology
previous methods, Kaiser inconsistently defines the biologithat should be applied to future studies that interpret triple
cal end-member with the result of overestimating the degreexygen isotopic composition of dissolved oxygen in seawa-
to which the various approaches of previous studies divergeter.

In particular, for his base case, Kaiser assigh€¥aexcess to However, in comparing the results of these new equations
the product of photosynthesi¥’§p) that is too low, resulting  to previous methods of calculating GOP, | believe Kaiser has
in his result being~30% too high when compared to pre- misinterpreted previous results with the consequence of over-
vious equations. When this is corrected, | find that Kaiser'sstating the difference between various previous methods of
equations are consistent with all previous study methodolo-calculating GOP (e.g. Kaiser’s Fig. 3). Since differing defi-
gies within aboutt20 % for realistic conditions of metabolic nitions of1’O excess are used, | repeat here definitions 4 and
balance () and gross productivityg). A methodological 7 from Kaiser (2011)

bias of £20 % is of similar magnitude to current uncertainty 17 ,+_ 17 18

’ : ) AT="186—k"°68 1)
in the wind-speed dependence of the air-sea gas transfer ve-

locity, k, which directly impacts calculated gross productiv- 17A# — |n (1+175) —ln (1+185) (2)

ity rates as well. While previous results could and should be
revisited and corrected using the proposed improved equawherex andi are mass dependent fractionation slopes. For
tions, the magnitude of such corrections may be much les¥aiser's “base case”, both are assigned the observed slope
than implied by Kaiser. for a In(1+'8s) vs. In(1+178) plot for dark respiration of
yr=0.5179 (Luz and Barkan, 2005).

The crux of the discrepancy is in the assumptions Kaiser
uses to calculated the relation betwéésp and'8sp, where
the subscript “P” refers to dissolved oxygen produced by

In the manuscript “Consistent calculation of aquatic grossPhotosynthesis. In his “base case” used .for7 cgmparison
production from oxygen triple isotope measurements” Kaiser®T methods, Kaiser uses Eq. (2) by assuming’ aj(x =

derives exact equations for calculating gross oxygen pro9-518 =249ppm where 249ppm is the biological end-
member value reported by Luz and Barkan (2000). 1 will

argue that the 249 must be applied instead to oxygen in bi-
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order for consistent comparison between calculation meth- Inferring 1’Ap from an observed’Agg involves extrap-
ods. I introduce the notatiorf Asgto refer specifically to the  olating across a large difference 1 and thus large error
biological steady-state condition in whidh= R (and thus  can be introduced if an incorrect mass dependent slope is
f =0, wheref is the net to gross production ratic)’ Asp  used (Luz and Barkan, 2005) causiig\p and'’ Agg to dif-

is distinctly different thart’Ap as noted by Kaiser, because fer significantly unless an appropriate “tuned” definition is
17Ap is the pure photosynthetic product, whitléAspis a  used. Angert et al. (2003) demonstrated thakp equals
balance ofP and R. The 249 ppm value published by Luz 1’Aggwhen the following definition is used (see Appendix
and Barkan (2000) was a measurel6Asg and notl’Ap  for derivation of Egs. 4 and 5):

because the original experiment measured dissolved oxygen

in an aquarium experiment which was in biological steady17ABSS=|ﬂ<1+175) —)»Bss|n<1+185) (4)
state P ~ R). For a system in biological steady state, it has

been demonstrated that the appropriate slaped) for re-  The slope fgs9) that satisfies the criteria thaf ABSS=
lating the composition of’Asp and?’Ap is systematically ~ 17AS5S depends on the magnitude of fractionation during
less tharyr (Angert et al., 2003). In the following sections | respiration such that

will describe how!’sp and'8sp should have been defined us- 17 18

ing a slope ofgss= 0.5154 instead of r. With this correc-  , _ . I”( O‘R) _ l”(1+VR 8R)

. ; s= = (5)

tion, Kaiser's “base casé” A value would have been 58 ppm In(18ar)  In(1+8R)

higher (see Sect. 3) and the discrepancy between the calcula-

18,  _ _ _
tion methods of earlier studies and the new method proposedNUs: for“er = —20 %o andy r = 0.5179 | calculate.gss=
by Kaiser becomes much smaller. 0.5154. Additionally, assuming an errorifer of +£2 %o the

| will focus my comments on this aspect of the manuscriptdiﬁerer‘(:et’et""e?‘?nyR and AB4SS is well constrainedyr —
Apss=2.5x 1073+25x 107%).

and stress that | am not questioning the validity of the equaB )X BSS
tions derived by Kaiser, but rather how he has interpreted FOr the above definition, the saméA®SS should be
previous results and measurements in order to fairly compar&cauired whether measuring the direct product %fsphoto—
GOP from previous calculation methods to the proposed nevgYNthesis or a system in biological steady-stafes B5° =
equations. To communicate the difference between previ'Ap>9. The experimental determination of the biologi-
ous methodology and the proposed method, it is important te€al end-member by Luz and Barkan (2008 Apio = 249+
clarify the relative roles of (1) measured physical parametersl5 ppm) was a measurement of dissolved oxygen in biolog-
used in calculations, such a& and8s and fractionation ical steady-state with seawateP & R) and thus its com-
factors8sg and (2) the accuracy of various equations underposition relative to seawater should be governed by Eq. (4)
varying conditions of metabolic balancg)(and productivity ~ (Angert et al., 2003; Luz and Barkan, 2000). A more de-
() when the same physical parameters are used. scriptive definition of the original approximate equation for
calculatingg (Luz and Barkan, 2000) can then be written

2 Biological steady state P VAPNIATL, 6
8= keeat  TTABSS_TIp# ©)

Understanding the distinction between composition of pho-

tosynthetic oxygen®) and oxygen in biological steady-state It is important to note that’ABSSis the appropriate photo-
(S) is essential to the following discussion. PhotosyntheticSynthetic end-member term, ngtaf.

oxygen is produced from seawater with only a small frac-
tionation (Eisenstadt et al., 2010) and thus ha8a much
closer to that of VSMOW, than to air (Kaiser's base case is
1855 — —22.835 %0, where air is the standard). Biological
steady-state refers to the composition of dissolved OXYg€lEquation (6) for calculating usest’ABSS as the biological

reached with a constant rate of photosynthesis and respirgsn g member, while both the iterative equation (Hendricks et
tion (see Kaiser Sect. 3.4). For the special case WReFeR, al., 2004) and Kaiser's equation us8p and8sp. To con-
I use the subscript “S0”. Angert et al. (2003) described thegjstently compare the skill of such equations relative to each
relationship betweensp and *3so using the mass balance iner Eq. (4) andgssmust be used to relatdsp to 17ABSS,
equation However for the default case, Kaiser calculates values for
Vsp=— %o and!8sp = —22.835 %o (Kaiser Table 2)

P(14+%8p) =* arR (1478 whereP = R 3 Sp .11.646/)061]. P . (]

( P) RR( 0 3 by applying the equation fdf A# (Eq. 2) rather thah’ ABSS
where %" indicates 17 or 18 andg is the fractionation fac-  (Eq. 4), effectively underestimating tHéO excess of pho-

3 Consistent comparison of equations used to
calculateg

tor for respiration. Since average ocegqis 0.980 {8og =  tosynthetically produced oxygen. The impli&d\BSS from
1+18gg = —20 %o) (Kiddon et al., 1993):8s0is much closer  Kaiser’s “base case” scenario using Eq. (4) is 191 ppm rather
to 0 %o (with air as the standard) than*®ysmow:. than 249 ppm.
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Fig. 1. Relative deviation of from the “corrected base case” as calculated using the equation proposed by Kaiser. All values are the same as
Kaiser's base case exceffsp = —11.588 %o instead oft/sp = —11.646 %o as described in Sect. 3. The dashed green line “approx” shows

error when “modified base case” values are used with the approximate equation from Luz and Barkan (2000) (Ed/8)@nd0.5179.

The solid green line “iter” shows error due to using the corrected “base case” vAldps=(—11.588 %o, 18¢g = —20 %0 andi = 0.5179

with the iterative method from Hendricks et al. (2004). Red and black lines show deviation from base case using the parameters and
approaches employed in previous studies (see Table 3 in Kaiser, 2011 for details). They are calculated from the same values as used b
Kaiser, except now compared against the “corrected base case”. Within typical oceanic condifidns ( < 0.4 and 0.01< g < 1), the

methods generally agree withir20 %. The following abbreviations are used to refer to previous studies: (H04: Hendricks et al., 2004; S05:
Sarma et al., 2005; JQ10: Juranek and Quay, 2010; JQO5: Juranek and Quay, 2005; RO7: Reuer et al., 2007; LB0O: Luz and Barkan, 2000
S05).

Using Egs. (4) and (5) instead with values'8ABSS=  |ess than 5% under all conditions. Thé % overestimate
249 ppm, 185p = —22.835%0, yr = 0.5179 and8g =  is caused primarily by the kinetic fractionating effects dur-
—20%o, | calculate 1'sp = —11.588%0. Using 1’6p =  ing gas exchange (i.e; andeg) which are accounted for by

—11.588%o in Eq. (1) yields'’AT(x =0.5179 = 238ppm  Kaiser but not by earlier equations.
rather than 180 ppm as reported by Kaiser. Thus if the value The red and black lines are calculated from Kaiser Table 3
of 249 ppm is used fot’ ABSSin Eq. (5), then the compara- data except for one correction: in column 6 showing results
ble 17sp for an equivalent calculation using Kaiser’s Eq. (48) of Juranek and Quay (2010) the; value should be 0.5205
should be-11.588 %0 not-11.646 %o. This correction has a (not 0.518) because, although not detailed in the publication,
significant impact when comparing various equations (Hen-the relationship’ar = (*8«r)* was used (L. W. Juranek,
dricks et al., 2004; Luz and Barkan, 2000, 2005; Miller, personal communication, 2011), similarly to Hendricks et
2002) that have previously been used to calculgtedd!’A al. (2004) and Reuer et al. (2007). In Kaiser's Fig. 3, rel-
to the equation derived by Kaiser. ative error for many of the methods clusters arour2D %
Based on the changes | describe, | illustrate the imporfor f ~ 0 (Kaiser Fig. 3a) ang ~ 0.5. Although notation
tance of the suggested correction by recalculating Fig. 3avaried, each study using an iterative approach defined the
and b from Kaiser (2011). In addition to the results pre- composition of'’sp using aigss slope~ 2.5 x 1072 less
sented by Kaiser, | have added two green lines to the plothan the implied respiratory fractionation sloper{ as de-
that show the error induced by the choice of equation formscribed by Eq. (4). Thus, despite taking various approaches,
alone (Fig. 1). For these two casé$Q excess is calcu- each previous study has calculatgch a manner that is ac-
lated using the “base case” values from Kaiser except withcurate to within about 20 % for the relevant environmental
1755 = —11.588 %0 as described above. Using the approxi- conditions. The more precise equation introduced by Kaiser
mate Eq. (6) results in an error no greater than aba&f % and Prokopenko is superior to previous methods and should
at the extremely heterotrophic conditions (Fig. 1a) and 40 %be applied to future studies, however much care should be
at very high production rates (Fig. 1b). Under more typi- taken in any attempt to “reinterpret” previous results.
cal conditions £0.1 < f < 0.4 and 001 < g < 1) the error Effectively, Kaiser has compared previous equations
is less than~10 %. Using the iterative method of Hendricks with a 1’ABSS= 249 ppm to his equation using ABSS=
et al. (2004), the bias is much less still, overestimagifyy 191 ppm (the'’ ABSSvalue for Kaiser’s “base case” values).
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This difference is responsible for the majority of the appar-summary, the best existing analytical evidence consistently
ent discrepancy between methods. The significantly lowersupports that’ A% (1 = 0.5179 ~ 300 ppm and’ABSS( =
17ABSS of 191 ppm is why Kaiser's calculations yielg~  0.5154 =249 ppm. Kaiser's base case, which has values
30% higher than most other calculation methods (Kaiserof 17A% (1 =0.5179 ~ 249 ppm and’ABSS(» = 0.5154 =

Fig. 3). After correcting Kaiser’s “base case” withsp = 191 ppm is not supported by any analytical evidence.
—11.588%0 (and thus'’ABSS =249 ppm), the remaining In practice, the choice of®sp to be —20 %o versus the
differences have clear explanations. Variations in the slopébase case” value 6f22.835 %o does not cause a significant
A from the base case cause an error dependerft aere  difference in calculated values. What is critical, however, is
slopes greater than the base case causing an overestimatat'’sp is defined a manner that is consistent with Egs. (4)
under strongly autotrophic conditiong & 0) and underes- and (5). Using the wrong slope to calculdtép results in
timate for heterotrophic conditionsf (< 0) (Fig. 1a). If a  Kaiser's base case underestimatingtf@ anomaly of pho-
lower gas exchange end-memb&fAsa) is usedg is over-  tosynthetic oxygen and overestimatigdpy ~30 %.

estimated, particularly for low values gf(Fig. 1b). Neglect-

ing kinetic fractionation during gas exchange causes iterative ,

methods to be slightly too high. When regressing the result conclusions

of Reuer et al. (2007), Kaiser arrives at a resui % higher
than Reuer (Kaiser Fig. 4). | find that about 30 % of the dis-
crepancy is due to the difference in implié6ABSS while

the remaining difference is due to how the gas exchange en
member was parameterized.

Since the introduction of the triple isotopic composition of
dissolved oxygen was introduced as a tracer of gross oxygen
Broduction by Luz and Barkan (2000), the methodology for
Calculatingg from measured isotopic ratios has evolved and
improved. While improved equations will better estimates
of g, perhaps the greater cause of error is in analytically de-
termining what the accurate and appropriate photosynthetic
and gas exchange end members should B (185p, 17854t
and85¢z).
Originally, the exces$’O contained in photosynthetically __When applying an equation to calculagethat requires
produced G, relative to the atmosphere was determined by 'dp in the calculation, it is essential to s€fp using the
measuring the biological steady-state conditibia@SS=  slopeisssand Egs. (4) and (5). By eroneously assigning a
249ppm) (Luz and Barkan, 2000). The isotopic compo-Value of 249 ppm t3’Af, Kaiser's “base case” scenario im-
sition of seawater could be inferred through assuming lit-plies at’ABSS=191 ppm, resulting in values qf that are
tle fractionation during photosynthesis. Methodological im- ~30 % too high when compared to other calculation meth-
provements have led to the recent publication of a more ro-0ds.
bust direct measure of the isotopic composition of seawater
(Barkan and Luz, 2011). As | will outline in this section,
these new data (not available at the time Kaiser wrote hi
initial paper) are consistent with the original measuremen
(Y ABSS=249 ppm) by Luz and Barkan (2000).

The oxygen isotopic composition of VSMOW was deter-

; 18 185 _
mined t0 be sy = —11883%o and™*dsw = —23.324%  anq shows the relationship betweesssandy g fora P = R
(Barkan and Luz, 2011). Addionally, a fractionation during steady-state system.

photosynthesis of a few ppm has been observed (Luz and |},o slopeigssis defined as the slope for whidhABSS—
Barkan, 2011), such thaBsp = 20 %.. Given this informa- 17ABSS 50 that from Eq. (4) P
tion, 17sp and thus'’Ap can be calculated in two ways; start- S0 q- ),
ing from thel’ ABSS measurement or from the seawater mea-17 , Bss__ 17 18

surement. Using Egs. (4) and (8Y,ABSS=249 ppm and A _In<1+ 850) —)»Bss|n(1+ 850)

185p = —20 %o, | calculate’sp = —10.112 %o. The'®sp and I (1 +175P) _ Jpsdn (1 n 183P) (A1)
15 values calculate t&’A% (L =0.5179 = 300 ppm (note:

Barkan and Luz report 223 ppm using=0.516). Calculat-  Which can be rearranged to

ing from the seawater sid&ss,, = —11.883 %o and8ss,, =

—23.324 %o result in7 A% (1 = 0.5179 = 268 ppm. Recent In ( 1111177;;0)

4 Reconciling measurements of seawater and biological
steady-state

SAppendix A
tDerivation for biological steady-state

The following derivation is adapted from Angert et al. (2003)

observations show on average than® is 26 ppm higher  Agss= TET (A2)
than’A% . Thus, a calculation starting with the measure- (1+18550)

ment of seawater yieldgAﬁ(x =0.5179 = 304 ppm which : L

L . N h henP =R, Eq. lif

is within analytical error of thé’ A% (1 = 0.5179 = 300 ppm oting that whe a- (3) simplifies to

inferred from the original measure &fABSS=249ppm. In (1+*8p) =*ar (1+*8s0) (A3)

Biogeosciences, 8, 2992997, 2011 www.biogeosciences.net/8/2993/2011/
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Substituting Eg. (A3) into Eq. (A2) and noting’eg = Juranek, L. W. and Quay, P. D.. Basin-wide photosyn-
yr18eg and 14+*er = *aR yieldsAgssas described in Eq. (5) thetic production rates in the subtropical and tropical Pa-
cific Ocean determined from dissolved oxygen isotope ra-
|n(1701R) In (1+ VRlBSR) tio measurements, Global Biogeochem. Cy., 24, GB2006,
“In 18aR) = In (1+ 188R) doi:201010.1029/2009GB003492, 2010.
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