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Body size determines total reproductive-energy output. Most theories assume repro-

ductive output is a fixed proportion of size but formal macroecological tests are lacking.

Management based on that assumption risks underestimating the contribution of larger

mothers to replenishment, hindering sustainable harvesting. We test this assumption

in marine fishes with a phylogenetically controlled meta-analysis of the intra-specific

mass scaling of reproductive-energy output. We show that larger mothers reproduce

disproportionately more than smaller mothers, not only via fecundity, but also total

reproductive-energy. Our results reset much of the theory on how reproduction scales

with size, and suggest that larger mothers contribute disproportionately to population

replenishment. Global change and over-harvesting cause fish sizes to decline; our results

provide quantitative estimates of how these declines impact fisheries and ecosystem-level

productivity.

How does reproductive output scale with body size? Despite the august history of this ques-

tion (1, 2), theoreticians, fisheries scientists, and field biologists still disagree about the answer

(Tables S1 and S2). Resolving this uncertainty is essential for understanding the forces driv-

ing the evolution of body size generally, and for managing fish stocks sustainably. Most life-

history models, mechanistic theories of growth, and fisheries models assume that reproductive

output scales isometrically with female mass (Table S1) – that is for every increase in female

somatic mass, there is a constant proportional increase in reproductive output (Fig. 1A, dashed



line). Under such a model the reproductive output of one 2-kg fish is equal to that of two 1-kg

fish.

In contrast to most theoreticians and fisheries models, field biologists have repeatedly sug-

gested that fish fecundity may increase disproportionately with body mass within species

(i.e. it scales hyper-allometrically; Table S2) (3, 4). Thus, two 1-kg fish would have less re-

productive output than a single 2-kg fish (Fig. 1). This discrepancy between theory and em-

piricism takes on particular significance because reproductive output drives the replenish-

ment of fisheries (3). Energy investment into individual offspring may also change with fe-

male size such that larger mothers produce larger offspring, which survive better (4, 5). Many

life-history models make explicit assumptions about the energy devoted to reproductive tissue

(Table S1). Therefore, understanding how reproductive output scales with female size requires

not only fecundity estimates, but also estimates of how egg-size and egg-energy scale with

female size. Such an understanding would: (i) improve the management of exploited popula-

tions and protected areas by better estimating the relationship between standing biomass and

egg production (3, 4, 6); and (ii) allow direct tests of energy-budget models that characterize

changes in reproductive allocation over ontogeny (7).

Here we perform a meta-analysis of intraspecific mass scaling of total reproductive-energy

output (fecundity × egg-volume × egg-energy), with controls for phylogenetic non-

independence, for 342 species of marine fishes from 15 orders (8). We collected data on how

egg-energy content scales with egg-volume within and among a subset of species (n = 1,366

clutches from 126 species). We estimated scaling of both egg-characteristics and fecundity

because these traits could trade-off against each other, resulting in no net relationship between

maternal size and reproductive output. For example, if larger mothers make more, but smaller,

offspring, net reproductive output might not change with maternal size.

Fish fecundity varied from 11 to 57,600,000 eggs per clutch, spanning ~7 orders of mag-

nitude. Fish fecundity scaled hyper-allometrically (a power-function relationship with an ex-

ponent greater than 1) with body mass (8) (Fig. 2A). In this analysis, 140 (79.1%) of the 177

species presented hyper-allometric mass scaling of fecundity.

The volume of individual eggs varied from 0.01 mm3 to 344.8 mm3 and increased hypo-



allometrically with female body mass. A 1.2-fold increase in egg volume would be expected

between a 0.3 and 1.3 kg female (Fig. 2B), hence strengthening the effect of female mass on

total reproductive output. Considering only the species for which we had both fecundity and

egg-volume data (n = 45), we find a hyper-allometric relationship between female mass and

total reproductive volume (average scaling exponent = 1.21; 95% C.I.: 1.07 – 1.37; Table S6)

(8).

Energy content of individual eggs varied from 0.07 J to 299.41 J. Egg-energy scaled hypo-

allometrically with egg-volume (Fig. 2C). In other words, larger eggs have slightly less energy

content per unit volume than smaller eggs, but still have a greater energy content in absolute

terms. The combination of this relationship and the relationship between female mass and

egg-volume still yields a positive, hypo-allometric relationship between female size and per-

egg energy content (8).

By combining the posterior distributions of model parameters from the three models

above (8), we were able to estimate how the average total reproductive-energy output changes

with body size for marine fish. Total reproductive-energy output per spawning scales hyper-

allometrically with female body mass (mean scaling exponent = 1.29; 95% C.I.: 1.20 – 1.38).

An estimate of mass scaling of fecundity in the commercially important Atlantic cod (Gadus

morhua) illustrates these scaling effects. If fecundity scaled isometrically with mass, then

fifteen 2-kg female cod would produce the same number of eggs as one 30-kg female. Instead,

we find that a single 30-kg female produces more eggs than ~28 females of 2-kg (weighing a

total of 56 kg). Further, because egg-volume and egg-energy content also increase with female

size, a 30-kg female actually spawns a batch of eggs with a total energy content ~37 times

higher than that of a single 2-kg female (Fig. 1B); assuming an isometric relationship would

underestimate this difference by 147%.

Unsurprisingly, substantial variation in reproductive-energy output exists among species,

and a small proportion of species (5.0%) show isometric or hypo-allometric scaling (Fig. 3).

Nevertheless, hyper-allometric reproductive scaling holds for the vast majority (95.0%) of

species, is consistent for the subset of 9 species for which we had data on all three relation-

ships of interest (Table S7), and for 3 studies in which all the data came from the same popu-

lations (Table S8). Thus, larger females have disproportionately higher fecundity and produce



offspring of greater size, content, and possibly quality. Assuming that larger mothers take part

in at least as many reproductive bouts each reproductive season as smaller mothers (which

seems likely (4)) these relationships may explain why larger fish are so important for the re-

plenishment of marine fish populations (6, 9).

Marine Protected Areas (MPAs) increase the size of fish by 28% on average (7). Because

the per-capita reproductive output of fish increases with size, the potential for MPAs to replen-

ish populations has been underestimated. For example, for the widow rockfish Sebastes en-

tomelas, an MPA could enhance population replenishment by 60% and 74% for fecundity and

reproductive-energy output respectively – no such increase would be predicted if reproductive

output was assumed to be isometric (8).

Our results also reveal insidious costs of global change. Fish sizes are predicted to decrease

in some instances as temperatures rise with global warming. For example, a 1.5˚C increase in

SST will decrease fish lengths by ~15% in the Mediterranean (10). Based on our estimates,

such a size decrease would incur a 50% per-capita reduction in fecundity for Atlantic mack-

erel, Scomber scombrus (8). Such effects would exacerbate the impacts of predicted decreases

in total fish biomass associated with warming – warmer oceans will likely have fewer fish and

much lower reproductive output (11).

Here we show that hyper-allometry of reproductive-energy output is not the exception but

the rule for marine fishes: a relationship that fisheries models now need to incorporate. For

example, balanced harvesting approaches to fishing, which are subject of intense debate (12,

13), emphasize somatic productivity alone, and assume isometric reproduction. Our results

confirm the suspicion (3) that such assumptions severely underestimate the importance of

larger females for population replenishment (6, 7, 9). Worryingly, many exploited species

have declined in size as result of over-harvesting and our findings suggest that such declines

will massively reduce reproductive output and recruitment (14).

Because our results formally establish a general hyper-allometric body-mass scaling of re-

productive output in marine fishes, they also have direct implications for fundamental theory.

Most theories of growth and life history assume that reproductive output scales isometrically

with size, hence underestimating the advantages of growing larger, although some branches



of theory do anticipate our findings (Table S1). However, even among studies that anticipate

hyper-allometric scaling, some assume energy content of reproductive tissues stays constant

with body size (Table S1) – our results contradict this core assumption for fishes at least.

Future studies will establish whether our results are general across groups of organisms

other than marine fishes, thus helping determine the generality of conclusions about the pu-

tative evolutionary advantages of large size to mothers. All else being equal, size declines

reduce the capacity of marine fish populations to replenish, particularly if increased egg-size

increases recruitment success (but see ref. (15)). Our findings prove particularly relevant in

light of body-size declines of major fishery species due to over-harvesting and climate change

(10, 16, 17), and suggest that the reproductive consequences of these size declines will be dra-

matic.



Figure Legends

Fig. 1. Hyper-allometric scaling of reproductive-energy output. A, Hyper-allometric (At-

lantic Cod Gadus morhua: β1 = 1.33, solid red curve; see Table S7), and isometric mass scal-

ing (β1 = 1, dashed blue curve) relationships. Fish sizes span more than one order of magni-

tude in mass (2 kg vs. 30 kg). B, Total population-level biomass (∑Mi) required to produce

the same reproductive output (∑Ri, in Megajoules) for two populations of fish with hyper-

allometric scaling differing in individual mass: the standing-biomass ratio differs by ~2.5-fold

(i.e. 74 kg / 30 kg) from the larger individual to the population with smaller individuals. Cod

illustration: ©Diane Rome Peebles.



Fig. 2. Scaling relationships of fish reproductive traits. A, Relationship between fecundity

and female mass. Red circles represents individual clutches. B, Mass scaling of egg-volume.

C, Volume scaling of egg-energy content. Green triangles represent independent observa-

tions (egg-volume and egg-energy content in B and C respectively). Y axes were corrected

for species-specific deviations on the intercept and scaling exponent which were obtained us-

ing Bayesian phylogenetic hierarchical modeling. Equations in the top-left corners depict av-

erage fixed-effects; 95% C.I. = Bayesian credible intervals for the scaling exponent; n = the

total number of observations. Dashed black lines depict average model fits. Species and fam-

ily names, as well as data summary and contributions for the three models (8) are respectively

provided in Tables S3–5. Note both axes are logged.



Fig. 3. Species-specific reproductive-energy mass-scaling exponents. Average exponents

and 95% credible intervals (shown by horizontal bars) were obtained by combining species-

specific (when available) posterior estimates from Models in Fig. 2A–C (8). If a species was

not present a given dataset, we used the population-level fixed-effect posterior estimates for

the model in question. Thick dashed line represents the reproductive isometry reference point,

the thin dotted line represents the average fixed-effect exponent value. Red circles and green

triangles represent species whose scaling exponents are greater and lower than 1 respectively.

Fish silhouettes depict the major clades represented in this figure. See Table S7 for species

and family names, and estimates.
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Materials and Methods

Fecundity and egg size data compilation

We compiled data from multiple previous compilations that provided references on female

fecundity (number of eggs per female) and size, as well as egg size (diameter in mm), for

different species of marine fishes (4, 18–23). We used only raw data from original references

(data extracted from tables or directly from figures using DataThief software). We also

investigated papers cited in these original references, repeating this process exhaustively. We

also searched systematically Google Scholar in English, Spanish and Portuguese using the key

words fish and fecundity, reviewing the first 200 studies returned in each language. We later

separated this compilation into two sub datasets: 1) a dataset containing paired records

between female fecundity and size (n = 7,737 from 134 studies between 1880 to 2015,

including 177 species) and 2) another dataset containing egg size and female size

measurements (n = 926 from 84 studies between 1905 to 2015, including 154 species). A

subset of observations overlapped between these two datasets (i.e. paired measurements of

female size, fecundity, and egg size; n = 1,538, 45 spp.), and were used to analyze the

relationship between total egg-volume (i.e. egg-volume × fecundity, in mm3) and female size

(see Statistical analyses below). We only collected data from studies measuring individuals in

the wild, or individuals that were transferred from the wild to an aquarium facility before the

measurements. For the fecundity dataset, 98.4% of the observations (n = 7,613) were

exclusively from wild-based observations, corresponding to 98.9% (n = 175) of the original

number of species. Removing measurements that were performed in the lab did not alter our

results (Fecundity–Mass model β1 = 1.18; 95% CI: 1.11 – 1.24; see Results section; also see

Statistical analyses below for parameter notation). For the egg size dataset, 96.2% of the

observations (n = 891) were exclusively from wild-based observations, corresponding to

96.8% (n = 149) of the original number of species. Removing measurements that were

performed in the lab did not alter our results (Egg-volume–Mass model β1 = 0.15; 95% CI:

0.07 – 0.23; see Results section). In the egg size dataset, if a study provided multiple body

size measurements for the females but only one population-level average egg size, we took the

median body size across females. For eggs that present ellipsoidal, elongated shapes, we used

both diameters (long, l, and short, s) to first calculate the volume



(V = (4/3)×π × (l/2)× (s/2)2), and then back transform to diameter of sphere with

equivalent volume ([((V ×3)/(4×π))(1/3)]×2). All egg size measurements were

transformed to spherical volume, V (mm3; V = (4/3)×π × r3, where r is radius).

Studies generally reported female length, so we transformed these measured lengths (mm),

l, into mass (g), m, by using the standard length-mass equation m = alb (where a is a

normalization (g cm-b) and b is an exponent that characterizes any changes in shape over

ontogeny). The species-specific length-mass conversion parameters were downloaded from

FishBase (24) (April 2017). For those species with multiple pairs of parameters, we used the

pair with the highest quality score provided in FishBase. For those species that did not have

any parameters, we used an approximation provided by FishBase that is obtained using a

Bayesian method which is based on relationship estimates for the genus-body shape of the

species in question (25).

Quantifying egg energetic content

Fish eggs and data on their volume, dry weight and energy content were collected by DRR

with help from collaborators. A total of 1,111 measurements from 111 species were sampled

following standard techniques (26). Collections took place in Japan, Indonesia, Australia, the

Marquesas Archipelago, Panama, the USA, Canada, and Corsica. Eggs from Panama, USA,

and Canada were collected from both Atlantic and Pacific coasts. Eggs from Corsica were

oven-dried (the lab had no freeze-drier), everything else was freeze dried. Removing the data

from Corsica did not alter our results (Egg-energy–Volume model β1 = 0.77; 95% CI: 0.65 –

0.88; see Results section).

The determination of average dry weight and energy content of an egg in a clutch also

followed standard practice (26). Each sample of eggs was first carefully cleaned of all debris

under a microscope, then rinsed ~6 times in distilled water, and finally stored in a -80˚C

freezer. Subsequently each sample was lyophilized for at least 8 h and stored in a desiccator at

-80˚C. To determine the average dry weight of an egg, a subsample of ~20 counted, intact

dried eggs was weighed on a (daily calibrated) Cahn Model 28 Microbalance, after the

desiccator containing the samples had been allowed to warm to room temperature (~24˚C) in

an air-conditioned room. After this the energy density (Joules mg−1 dry weight) of the sample



was determined using a Phillipson Microbomb Calorimeter (Gentry Instruments) calibrated

with a sample of Benzoic acid at the beginning of each day’s set of measurements. Average

energy content of an egg of each clutch was calculated as (average energy density of the

clutch) × (the average dry weight of an egg in that clutch).

We also compiled data from 9 studies that measured both egg-volume and egg-weight (dry

weight in mg; n = 255 observations, 15 spp.). Egg-weight was transformed to energy (Joules)

based on Ref. (27) and our own data (Fig. S1), which show that egg-energy scales

isometrically with egg-weight, with an average of ~25 Joules mg-1 of egg dry weight.

Statistical analyses

Because we are interested in quantifying the mass scaling of fish fecundity and egg size, as

well as the volume scaling of egg-energy content, we applied three linear hierarchical models

with the same structure:

lnY = (lnβ0 + lnγ0spp + lnγ0phy)+(β1 + γ1spp)lnX + lnε, (1)

where lnY represents a natural log-transformed response vector (fecundity in Fecundity–Mass

model, egg-volume in Egg-volume–Mass model, egg-energy in Egg-energy–Volume model,

and total egg-volume (i.e. fecundity × egg-volume) in Total-volume–Mass), lnβ0 is a

fixed-effect intercept, lnγ0spp and lnγ0phy are respectively vectors of random-effect coefficients

that account for residual intercept deviations attributable to species uniqueness and patterns of

relatedness as described by the phylogeny, β1 is a fixed-effect slope for the natural

log-transformed predictor vector, lnX (female mass in Fecundity–Mass, Egg-volume–Mass

models and Total-volume–Mass, and egg-volume in Egg-energy–Volume model), γ1spp is a

vector of random-effect coefficients that account for residual slope deviations attributable to

species uniqueness, and lnε is the model unexplained residual variation.

Phylogenetic relatedness might influence broad-scale variation in life-history traits (28).

From an evolutionary perspective, closely related species might have a higher likelihood of

sharing some ancestral-state trait (29), such as egg-type (pelagic, demersal, brooded). At the

same time, species may present unique variations in traits that are independent of phylogenetic



relatedness. From a technical perspective, both of these unmeasured biological factors

(i.e. species uniqueness and relatedness) likely contribute to variance in a particular

life-history trait (30) and, consequently, it is desirable to account for both of these possible

effects. To do so, we created a tree from the Open Tree of Life (OTL) using the rotl R package

(31) v. 3.0.3 in order to test for significant phylogenetic heritability in our models (32). We

first downloaded the full Actinopterygii tree from OTL (n = 38,941 tips) and then added

species from our dataset that were missing in the tree: the Pomacentridae species relationship

followed a recent consensus topology (33) and we inserted them as a sister group to the

Labridae as those are the only two families on the database belonging to Labroidei. One

Centropomidae (Centropomus undecimalis) and one Latidae (Lates calcarifer) were inserted

as a sister group to Carangidae (34). One Apogonidae (Apogon doederleini) was inserted right

next to the other Apogonidae species in the tree. This tree was pruned to retain focal species

only (i.e. individually for each model), and then used to derive a variance-covariance matrix

based on Brownian evolution. The trees included a total of 20, 16, 8, and 2 polytomies for the

Fecundity–Mass, Egg-volume–Mass, Egg-energy–Volume, and Total-volume–Mass models

respectively. Branch lengths are unknown for the phylogeny, so the arbitrary method of

Grafen (35) was applied, whereby branch lengths are set to a length equal to the number of

descendant tips minus one.

In Fecundity–Mass and Total-volume–Mass, fixed effects were assigned informative priors

following a Gaussian distribution (β1: mean = 1, standard deviation = 2; lnβ0: mean = 3,

standard deviation = 3) to speed up model convergence. In Egg-volume–Mass and

Egg-energy–Volume, fixed effects were assigned weakly informative priors following a

Gaussian distribution. In all models, random effects were assigned weakly informative priors

following a Gaussian distribution. Random-effect coefficients (lnγ0spp, lnγ0phy and γ1spp) are

distributed with means of zero, hence representing actual deviations from the fixed effects.

Standard deviations (σ
[
lnγ0spp

]
, σ

[
lnγ0phy

]
, σ

[
γ1spp

]
and σ [lnε]) were also assigned weakly

informative priors following a Student-t distribution. We account for the phylogenetic

non-independence among species by weighting the phylogenetic-relatedness standard

deviation (σ
[
lnγ0phy

]
) by a variance-covariance matrix, A, which was obtained from the tips

of the phylogeny (i.e. σ
[
lnγ0phy

]
∗A, with A being obtained using the ape R package (36)



version 5.0). The phylogenetic heritability (equivalent to Pagel’s λ (29, 30)), was estimated as

the proportion of total variance, conditioned on the fixed effects, attributable to the random

effect of phylogeny (i.e. σ2
[
lnγ0phy

]
/(σ2

[
lnγ0phy

]
+σ2

[
lnγ0spp

]
+σ2 [lnε])). It captured

78.9% (95% CI: 62.2% – 90.2%), 89.3% (95% CI: 80.6% – 95.2%), 98.2% (95% CI: 96.2% –

99.3%), and 5.6% (95% CI: 0.0% – 30.7%) of the variance observed in the residuals in

Fecundity–Mass, Egg-volume–Mass, Egg-energy–Volume, and Total-volume–Mass models

respectively. The posterior distributions of model parameters were estimated using Markov

chain Monte Carlo (MCMC) methods using the brms R package (37) version 2.1.0. For

Fecundity–Mass and Total-volume–Mass, we constructed four chains of 15,000 steps,

including 7,500-step warm-up periods, so a total of 30,000 steps were retained to estimate

posterior distributions (i.e. (15,000 - 7,500) × 4 = 30,000). For Egg-volume–Mass and

Egg-energy–Volume, we constructed four chains of 6,000 steps, including 3,000-step warm-up

periods, so a total of 12,000 steps were retained to estimate posterior distributions (i.e. (6,000

- 3,000) × 4 = 12,000). Number of chains were tuned in order to achieve model convergence

(i.e. R̂ = 1).

The dataset used to run Fecundity–Mass includes multiple observations within species,

with clades (e.g. families) having different representation (e.g. many species of the genus

Sebastes, but no other genera within Sebastidae). Thus, it is possible that the average

within-species mass-scaling slope across species would be strongly influenced by a particular

clade. To verify this source of potential bias, we also ran an alternative version of equation 1

whereby we included random slopes attributable to phylogeny-related effects (i.e. adding a

γ1phy to the model). This alternative model was compared to the simpler Fecundity–Mass

model using leave-one-out cross-validation (LOO), which, similarly to widely applicable

information criterion (WAIC), is a fully Bayesian model selection procedure for estimating

pointwise out-of-sample prediction accuracy (38, 39). For each model, we calculated the

expected log pointwise predictive density (êl pdloo) using the log-likelihood evaluated at the

posterior simulations of the parameter values (39). We calculated p-values for the pairwise

differences in êl pdloo (∆êl pdloo) using standard errors (s.e.) and a normal probability density

function. This method of calculating s.e.’s is reliable for data sets with many observations (n =

7,737 in our analysis) because the distribution of ∆êl pdloo is well approximated by a normal



distribution (39). Although the alternative model had higher average predictive accuracy than

Fecundity–Mass, it was not significantly higher (p = 0.4498), and we therefore retained

Fecundity–Mass, which is simpler. We also compared Fecundity–Mass, Egg-volume–Mass,

and Egg-energy–Volume models each against a more complex version which included an

interaction between scaling slope and spawning mode (categorical fixed effect with 6 levels

added to Fecundity–Mass: demersal, internal brooding, mouth brooder, pelagic, pouch

brooder, scatterer; 6 levels added to Egg-volume–Mass: demersal, internal brooding, mouth

brooder, pelagic, pouch brooder, scatterer; 3 levels added to Egg-energy–Volume: demersal,

mouth brooder, pelagic) to test for an effect of spawning mode on the estimated scaling slopes

after accounting for phylogenetic effects. However, in our three datasets, spawning mode and

phylogeny are strongly confounded, and adding an interaction term did not improve model fit

significantly for any of the three models (p = 0.9116 in Fecundity–Mass; p = 0.5492 in

Egg-volume–Mass; p = 0.3053 in Egg-energy–Volume). Model comparison was implemented

using the loo R package (39) version 1.1.0.

Estimating total reproductive-energy output

We estimated the average mass scaling of total reproductive-energy output per spawning per

female by combining the estimated responses from our three Bayesian models. Specifically,

considering that Fecundity–Mass, Egg-volume–Mass, and Egg-energy–Volume models can be

translated into

Fecundity= β0M1Massβ1M1 (2)

Egg-volume= β0M2Massβ1M2 (3)

Egg-energy= β0M3Egg-volumeβ1M3 , (4)

where β0 and β1 respectively represent average fixed-effect intercepts and slopes from Models

M1−3, one can first predict the expected egg-energy for a female of given mass,



Egg-energy= β0M3β
β1M3

0M2
Massβ1M2×β1M3 (5)

and then multiply this expectation by the expected fecundity for the same given mass, yielding

Total reproductive-energy output= β0M1β0M3β
β1M3

0M2
Massβ1M1+(β1M2×β1M3) (6)

This estimate was calculated 10,000 times by randomly sampling from each of the models’

posterior distributions in order to fully propagate each parameter uncertainty. We note that this

approach is very conservative, as the parameter estimates from each model are completely

independent from each other (i.e. it is not possible to compute the covariance among

parameters from different models) and therefore the total propagated error is likely to be

overinflated. Thus, if the compound 95% credible intervals for the mass scaling slope are

indeed greater than 1 we can safely assume that the average total reproductive-energy output

scales super-linearly with body mass.

Exploring subsets of the data for which we have overlapping metrics

We used statistical methods to generate total reproductive-energy output because, for most

species, we did not have all four metrics of interest (i.e. body size, fecundity, egg size, and egg

energy). However, for 45 species (n = 1,538), we had both female size-fecundity, and female

size-egg size data and so we could estimate the female size-total reproductive volume

relationship for that subset directly. Like the complete dataset, the analysis of this subset

revealed hyper-allometric scaling between female size and total reproductive volume where

the predicted exponent was greater than 1 (1.21; 95% CI: 1.07 – 1.37; Table S6). For 9

species, we had data on all three relationships of interest and for that restricted group, the

mean scaling exponent between female size and reproductive energy output was again

hyper-allometric: 1.18 (see species marked with an asterisk in Table S7). Finally, for just 3

species, we had data on all four variables of interest (female size, fecundity, egg-volume, and

egg-energy) where all four came from the same study and population. For this very small

group, we again found evidence of hyper-allometric scaling in two of the three species and

isometry for the third species (Table S8).



Calculating reproductive loss: MPAs and ocean warming

In the main text, we show that, for the widow rockfish Sebastes entomelas, the benefits of an

MPA to population replenishment for fecundity and reproductive-energy output are

respectively 60% and 74% under hyper-allometric scaling. These numbers were calculated

assuming a fixed standing biomass of 1 tonne both inside and outside an MPA, a baseline size

of 30 cm outside the MPA (~350 g), and a size of 38.4 cm (i.e. 28% larger in length (7)) inside

the MPA (~748 g). Thus, we have 2,857 individuals outside vs. 1,337 individuals inside the

MPA. The hyper-allometric species-specific fecundity (β0 = 0.19, β1 = 1.62; Table S3) and

reproductive-energy output (β0 = 220.14, β1 = 1.73; Table S7) parameters for this species

were used to calculate both the total fecundity and reproductive-energy output outside

(fecundity = 2,857 × 0.19 × 3501.62 = 7,178,837 eggs; reproductive-energy = 2,857 × 220.14

× 3501.73 = 15,843,346,454 J) and inside (fecundity = 1,337 × 0.19 × 7481.62 = 11,497,558

eggs; reproductive-energy = 1,337 × 220.14 × 7481.73 = 27,585,453,858 J) the MPA.

Therefore, (11,497,558 / 7,178,837 - 1) × 100 ≈ 60%, and (27,585,453,858 / 15,843,346,454

- 1) × 100 ≈ 74%.

We also showed that a 15% decrease in fish length due to a warming of 1.5˚C (10) would

incur a 50% per-capita reduction in fecundity for Atlantic mackerel, Scomber scombrus.

These were calculated assuming a baseline size of 50 cm before (~925 g), and a size of 42.5

cm (i.e. 15% smaller, ~561 g) after warming. The species-specific fecundity ( β0 = 3.73, β1 =

1.38; Table S3) parameters for this species were used to calculate fecundity before (3.73 ×

9251.38 = 46,236 eggs) and after (3.73 × 5611.38 = 23,189 eggs) warming. Therefore, (1 -

23,189 / 46,236) × 100 ≈ 50%.

Relationship between egg-energy and female size

In the main text, we state that the combination of the relationship between egg-energy and

egg-volume with the relationship between egg-volume and female mass yields a positive,

hypo-allometric relationship between female size and per-egg energy content. This is because

egg-energy ∝ mass1.18 × 0.77
≈ mass 0.91 (equation 5).



Fig. S1. Relationship between egg energy (J) and egg dry weight (mg). All data collected

experimentally by D. Ross Robertson.



Table S1. Summary of models that make explicit predictions or assumptions regarding

the relationship between female body size and reproductive output. Reproductive output is

characterized in a variety of ways in these models, from fraction of the growing season de-

voted to reproduction to ratios of gonad mass to somatic mass. * indicates studies that make

explicit assumptions about the energy content of reproductive materials and how that scales

with body size (all assume isometric scaling of energy content). FGO and VGO = Fixed and

Variable (respectively) allocation to reproduction.

Study Model type Scaling Prediction or Assumption Refs
Gadgil and Bossert (1970) Life history Hyperallometric Prediction (40)

Roff (1983) Life history Isometric Assumption (41)
Roff (1984) Life history Isometric Assumption (42)
Reiss (1985) Life history Hypoallometric Prediction (43)

Kozłowski and Uchmanksi (1987) Life history Variable Prediction (44)
Kozłowski (1996) Life history Variable Prediction (45)
West et al. (2001) Life history Isometric Assumption (46)

Charnov et al. (2001) Life history Isometric Assumption (47)
Charnov (2002) Life history Isometric Assumption (48)

Lester et al. (2004) Life history Isometric* Assumption (49)
Roff et al. (2006) Life history Isometric Assumption (50)

Quince et al. (2008; FGO) Life history Isometric* Assumption (51)
Quince et al. (2008; VGO) Life history Hyperallometric* Prediction (51)
Pecquerie et al. (2009) Life history Isometric Assumption (52)

Koojiman (2010) Life history Isometric* Assumption (53)
Arendt (2011) Life history Isometry Assumption (54)

Onishi et al. (2012) Life history Hyperallometric Assumption (55)
Brunel et al. (2013) Life history Isometric Assumption (56)
Charnov et al. (2013) Life history Isometric Assumption (57)
Boukal et al. (2014) Life history Isometric* Assumption (58)

Koojiman and Lika (2014) Life history Isometric* Assumption (59)
Minte-Vera et al. (2016) Life history Isometric* Assumption (60)

Jusup et al. (2017) Life history Isometric Assumption (61)
Mangel (2017) Life history Hyperallometric Assumption (62)

Smallegange et al. (2017) Life history Isometric Assumption (63)
Beverton and Holt (1957) Fisheries Isometric Assumption (2)

Scott et al. (2006) Fisheries Hyperallometric Assumption (64)
Jørgensen and Fisken (2006) Fisheries Isometric* Assumption (65)

Enberg et al. (2010) Fisheries Isometric Assumption (66)
Eikeset et al. (2013) Fisheries Isometric Assumption (67)
Lester et al. (2014) Fisheries Isometric Assumption (68)

Andersen and Beyer (2015) Fisheries Isometric Assumption (69)
Eikeset et al. (2016) Fisheries Isometric Assumption (70)
Andersen et al. (2016) Fisheries Isometric Assumption (12)

Zimmerman and Jørgensen (2016) Fisheries Isometric Assumption (71)
Hartvig et al. (2011) Food web Isometric Assumption (72)
Carozza et al. (2016) Food web Isometric Assumption (73)



Table S2. Summary table of the major compilations of fish reproductive scaling relation-

ships (both within and among species). Note that where scaling relationships used length

rather than mass, we assumed that mass scaled to length3.

Study Interspecific/intraspecific Relationship Allometric Scaling Refs
Blueweiss et al. (1978) Inter- Size-fecundity Hypo- (74)
Blueweiss et al. (1978) Inter- Size-egg size Hypo- (74)

Wootton (1979) Intra- Size-fecundity Hyper- (75)
Roff (1983) Intra- Size-fecundity Hyper- (41)

Duarte and Alcaraz (1989) Inter- Size-fecundity Hypo- (19)
Duarte and Alcaraz (1989) Inter- Size-egg size None (19)

Wootton (1992) Inter- Size-egg size Iso- (76)
Hayward and Gillooly (2011) Inter- Size-fecundity Iso- (77)

Hixon et al. (2014) Intra- Size-fecundity Hyper- (4)
Dick et al. (2017) Intra- Size-fecundity Hyper- (78)





Table S3. Summary of data used for Fecundity–Mass model. This table shows summary stats of raw data used in Fecundity–Mass model (Fig. 2A). OTL =

Open Tree of Life Identifier; SM = Spawning Mode (D = demersal, P = pelagic, S = scatterer, BM/BP/BI = mouth/pouch/internal brooder – all brooders have no

parental provisioning post fertilization); F3 = Number ID in Fig. 3; β1 / 2.5% / 97.5% = Estimates (mean and 95% Bayesian credible intervals) of species-specific

fecundity mass-scaling exponents as obtained from Fecundity–Mass model (see Materials and Methods); n = number of independent observations for each species.

Family Species OTL SM F3 β1 2.5% C.I. 97.5% C.I. n Fecundity range Mass range (g) Refs
Agonidae Leptagonus decagonus ott3632024 D 269 1.16 0.66 1.67 1 577 32.32 (79)
Apogonidae Cheilodipterus macrodon ott965176 BM 59 1.27 0.71 1.83 1 2,600 110.09 (80)
Apogonidae Holapogon maximus ott3635086 BM 61 1.24 0.71 1.77 1 1,800 48.48 (80)
Apogonidae Jaydia hungi ott3634955 BM 62 1.23 0.73 1.73 1 800 20.36 (80)
Apogonidae Ostorhinchus cookii ott102070 BM 63 1.25 0.76 1.74 1 500 15.91 (80)
Apogonidae Ostorhinchus cyanosoma ott638185 BM 64 1.09 0.65 1.53 1 650 6.02 (80)
Apogonidae Siphamia tubifer ott5860863 BM 67 0.86 0.52 1.19 1 240 0.29 (80)
Apogonidae Taeniamia lineolata ott775407 BM 68 1.07 0.65 1.49 1 400 3.35 (80)
Atherinidae Atherina presbyter ott669918 D 2 1.09 0.9 1.28 33 935 – 11,407 1.47 – 13.70 (81)
Atherinopsidae Leuresthes tenuis ott274466 D 3 1.39 0.93 1.87 7 475 – 2,705 15.99 – 31.31 (82)
Atherinopsidae Odontesthes argentinensis ott93287 D 6 1.17 0.86 1.48 24 3,422 – 27,980 41.62 – 244.65 (83)
Balistidae Balistes capriscus ott135140 S 335 1.61 1.42 1.8 172 32,919 – 1,996,500 192.48 – 1002.07 (84); (85)
Blenniidae Aidablennius sphynx ott898527 D 70 1.07 0.68 1.46 1 655 0.63 (86)
Bothidae Arnoglossus laterna ott696263 P 258 0.98 0.6 1.37 2 7,092 – 59,574 2.68 – 9.09 (87)
Carangidae Decapterus punctatus ott705034 P 74 1.28 0.84 1.72 2 6,200 – 51,000 16.71 – 53.59 (88)
Carangidae Elagatis bipinnulata ott705026 P 75 0.99 0.73 1.25 29 469,590 – 2,635,300 1378.72 – 7075.53 (89)
Carangidae Trachurus picturatus ott174574 P 77 1.13 0.65 1.62 8 23,630 – 48,816 38.10 – 73.11 (90)
Centropomidae Centropomus undecimalis ott317368 P 79 1.49 1.08 1.9 15 578,160 – 10,289,069 2711.08 – 7993.41 (91)
Clupeidae Amblygaster sirm ott328216 P 11 1.57 1.13 2.04 33 20,281 – 140,411 34.39 – 57.50 (92)
Clupeidae Clupea harengus ott1005932 D 14 1.54 1.42 1.66 419 19,355 – 265,161 140.27 – 533.37 (93)
Clupeidae Ethmalosa fimbriata ott658559 P 16 0.89 0.56 1.23 32 15,816 – 51,901 182.55 – 582.47 (94)
Clupeidae Nematalosa vlaminghi ott328199 P 17 1.15 0.59 1.71 1 90,451 111.79 (95)
Clupeidae Opisthonema libertate ott437031 P 18 1.1 0.7 1.5 58 22,025 – 106,958 91.39 – 204.30 (96)
Clupeidae Opisthonema medirastre ott1195 P 19 1.24 0.82 1.67 46 17,941 – 107,063 80.90 – 169.98 (97)
Clupeidae Sardinops sagax ott121238 P 20 0.97 0.83 1.11 185 3,083 – 33,483 26.53 – 118.21 (98)
Clupeidae Spratelloides gracilis ott39732 D 21 0.99 0.74 1.26 18 594 – 5,913 0.20 – 0.86 (99)
Clupeidae Strangomera bentincki ott648871 P 22 1.08 0.65 1.49 10 5,901 – 10,414 11.25 – 24.31 (100)
Cottidae Artediellus atlanticus ott654509 D 273 1.32 0.82 1.81 1 88.5 23.32 (79)
Cottidae Enophrys bison ott290389 D 274 1.13 0.55 1.7 2 18,800 – 31,900 197.53 – 241.50 (101)
Cottidae Icelus bicornis ott3632116 D 276 1.1 0.6 1.59 1 440 14.79 (79)
Cottidae Triglops pingelii ott568671 D 277 1.12 0.63 1.62 1 600 22.25 (79)
Cyclopteridae Cyclopteropsis mcalpini ott3631993 D 279 1.04 0.63 1.46 1 65 2.80 (79)
Engraulidae Anchoviella lepidentostole ott610213 P 23 0.97 0.59 1.35 24 14,395 – 37,191 9.36 – 21.80 (102)
Engraulidae Cetengraulis mysticetus ott1064953 P 24 1.23 0.98 1.47 86 9,810 – 79,010 25.10 – 71.50 (103)
Engraulidae Engraulis anchoita ott648864 P 25 1.26 1.12 1.4 159 1,641 – 36,464 5.44 – 39.01 (104)
Engraulidae Engraulis mordax ott29754 P 26 1.16 0.76 1.56 21 8,673 – 35,561 10.47 – 23.98 (105)
Engraulidae Engraulis ringens ott211981 P 27 1.35 1.14 1.56 149 3,067 – 34,977 10.78 – 39.92 (106); (100); (107)
Exocoetidae Hirundichthys affinis ott837204 D 7 1.21 0.63 1.79 2 7,398 – 10,021 218.16 – 255.62 (108)
Gadidae Boreogadus saida ott877055 P 33 0.89 0.41 1.38 1 48,500 18.48 (79)
Gadidae Eleginus nawaga ott450082 D 34 1.12 0.57 1.66 1 40,500 74.86 (79)
Gadidae Gadus morhua ott5860467 P 35 1.23 1.18 1.28 428 151,700 – 21,496,000 1036.67 – 24086.31 (109); (110); (111); (112)
Gadidae Merlangius merlangus ott635911 P 37 1.03 0.92 1.15 178 95,555 – 1,443,958 94.88 – 1467.11 (113)



Table S3 Continued.

Family Species OTL SM F3 β1 2.5% C.I. 97.5% C.I. n Fecundity range Mass range (g) Refs
Gadidae Micromesistius australis ott1091056 P 38 1.56 1.37 1.76 96 2,658 – 81,300 188.76 – 1017.03 (114)
Gasterosteidae Gasterosteus aculeatus ott111122 D 45 0.91 0.78 1.04 110 48 – 523 0.33 – 3.03 (115); (116)
Gobiidae Elacatinus oceanops ott638369 D 89 0.8 0.44 1.15 1 375 0.25 (117)
Gobiidae Gobiosoma robustum ott1064480 D 90 1.35 0.76 1.95 1 695 158.08 (118)
Gobiidae Paragobiodon echinocephalus ott940827 D 92 0.87 0.5 1.24 1 716 0.23 (119)
Gobiidae Paragobiodon lacunicolus ott758973 D 93 0.88 0.53 1.24 1 635 0.23 (119)
Gobiidae Paragobiodon xanthosoma ott770378 D 94 0.96 0.61 1.32 1 293 0.23 (119)
Gobiidae Pomatoschistus minutus ott1048873 D 95 0.82 0.46 1.17 28 1,430 – 4,070 1.53 – 3.11 (120)
Haemulidae Haemulopsis corvinaeformis ott177515 P 97 0.52 0.3 0.75 2 15,056 – 83,316 0.93 – 51.66 (108)
Hemiramphidae Hemiramphus brasiliensis ott953384 D 8 0.84 0.44 1.24 2 2,200 – 4,000 21.01 – 111.47 (108)
Hemitripteridae Hemitripterus americanus ott160287 D 282 1.22 0.78 1.66 6 1,039 – 22,194 303.44 – 1004.16 (121)
Hexagrammidae Oxylebius pictus ott131554 D 284 0.92 0.44 1.41 22 12,789 – 25,621 32.22 – 63.30 (122)
Labridae Thalassoma bifasciatum ott907850 P 145 0.75 0.6 0.9 66 79 – 5,140 0.52 – 4.60 *
Latidae Lates calcarifer ott6362446 P 150 1.04 0.83 1.26 25 2,062,100 – 47,202,800 2945.25 – 32293.52 (123)
Liparidae Careproctus reinhardti ott1065176 D 285 1.23 0.62 1.83 1 300 357.25 (79)
Liparidae Paraliparis bathybius ott309222 BM 287 1.25 0.68 1.82 1 428 122.99 (79)
Lutjanidae Lutjanus campechanus ott642863 P 151 1 0.62 1.37 9 160,000 – 900,000 1350.00 – 5850.00 (124)
Lutjanidae Lutjanus carponotatus ott333348 P 152 1.72 1.51 1.93 55 4,451 – 750,512 77.08 – 485.66 (125)
Lutjanidae Lutjanus synagris ott943184 P 153 0.67 0.46 0.87 39 23,000 – 160,000 198.00 – 2100.00 (126)
Lutjanidae Ocyurus chrysurus ott943183 P 154 1.25 0.88 1.61 21 14,268 – 166,651 221.70 – 734.70 (127)
Lutjanidae Rhomboplites aurorubens ott642869 P 155 1.39 1.24 1.53 41 4,350 – 1,792,070 158.61 – 2994.94 (128)
Malacanthidae Caulolatilus microps ott39883 P 156 1.47 1.22 1.73 43 83,470 – 4,120,570 762.87 – 4527.12 (129)
Merlucciidae Merluccius gayi ott323082 P 42 1.19 0.9 1.48 50 45,041 – 399,890 523.49 – 3390.80 (130)
Merlucciidae Merluccius hubbsi ott757316 P 43 1.06 0.99 1.14 251 37,817 – 2,537,392 261.48 – 5782.35 (131)
Merlucciidae Merluccius merluccius ott5860466 P 44 0.93 0.77 1.1 209 32,665 – 578,510 626.18 – 3465.51 (132)
Monacanthidae Brachaluteres jacksonianus ott333693 S 336 1.2 0.83 1.56 1 114 1.24 (133)
Monacanthidae Eubalichthys bucephalus ott3631310 S 337 1.32 0.73 1.91 2 9,000 – 39,500 355.86 – 524.85 (134)
Monacanthidae Oxymonacanthus longirostris ott333706 S 338 1.31 0.91 1.72 3 100 – 200 3.30 – 3.79 (135)
Monacanthidae Rudarius ercodes ott511593 S 340 0.83 0.48 1.17 3 2,560 – 8,180 1.25 – 5.78 (136)
Moronidae Dicentrarchus labrax ott3549 P 157 1.23 0.85 1.6 16 290,390 – 2,043,126 1000.00 – 3800.00 (137)
Mugilidae Chelon labrosus ott777079 P 46 1.09 0.58 1.61 13 353,000 – 745,000 1240.00 – 2300.00 (138)
Mugilidae Chelon ramada ott668241 P 47 1.18 0.62 1.73 2 581,000 – 1,243,000 850.00 – 1450.00 (138)
Mugilidae Mugil cephalus ott418648 P 48 1.01 0.93 1.1 95 43,182 – 4,800,000 42.77 – 3760.17 (139); (140); (141)
Mugilidae Mugil curema ott418643 P 49 1.15 0.6 1.69 8 295,081 – 488,956 222.87 – 371.93 (142)
Mugilidae Mugil hospes ott779937 P 50 1.14 0.58 1.7 1 178,277 114.11 (142)
Mugilidae Mugil liza ott779933 P 51 1.19 0.61 1.75 1 1,776,309 1201.53 (142)
Mugilidae Mugil trichodon ott246901 P 52 1.18 0.62 1.73 1 100,346 112.33 (142)
Mugilidae Planiliza subviridis ott823526 P 53 1.07 0.66 1.48 12 38,167 – 145,883 11.69 – 28.41 (143)
Nototheniidae Lepidonotothen nudifrons ott260052 D 160 1.27 0.69 1.84 1 2,500 117.20 (144)
Osmeridae Mallotus villosus ott225330 D 54 1.22 0.7 1.74 34 6,700 – 14,300 18.07 – 26.43 (145)
Paralichthyidae Paralichthys dentatus ott1019735 P 259 1.06 0.91 1.2 134 460,059 – 4,202,538 2627.81 – 20166.83 (146)
Paralichthyidae Paralichthys patagonicus ott654479 P 260 1.38 0.91 1.85 24 20,084 – 156,527 709.32 – 1465.65 (147)
Plesiopidae Acanthoclinus fuscus ott3633802 D 164 1.46 0.94 2.01 7 42,756 – 438,961 232.38 – 475.62 (148)
Pleuronectidae Hippoglossoides platessoides ott223665 P 262 0.96 0.83 1.09 154 25,700 – 258,000 24.83 – 255.51 (149); (150)
Pleuronectidae Pleuronectes platessa ott408337 P 264 1.11 1.04 1.18 486 28,800 – 754,600 189.13 – 3022.59 (151)



Table S3 Continued.

Family Species OTL SM F3 β1 2.5% C.I. 97.5% C.I. n Fecundity range Mass range (g) Refs
Pleuronectidae Pseudopleuronectes americanus ott261419 D 265 0.99 0.63 1.35 17 192,240 – 1,390,495 332.81 – 1322.71 (152)
Pleuronectidae Reinhardtius hippoglossoides ott835141 P 266 1.3 1.07 1.53 88 6,761 – 70,394 970.70 – 5331.71 (153)
Pomacanthidae Pomacanthus zonipectus ott826472 P 165 1.25 0.69 1.81 5 25,456 – 62,401 160.12 – 211.09 (154)
Pomacentridae Abudefduf saxatilis ott405751 D 167 0.94 0.43 1.44 1 31,088 22.12 (155)
Pomacentridae Acanthochromis polyacanthus ott100410 D 172 1.41 0.85 1.96 15 245.6 – 573.1 87.19 – 124.17 (156)
Pomacentridae Pomacentrus coelestis ott622060 D 180 1.02 0.75 1.29 81 1,391 – 6,213 1.27 – 3.26 (157)
Pomacentridae Stegastes fuscus ott3635543 D 185 0.96 0.63 1.3 14 1,759 – 14,856 3.92 – 14.19 (158)
Pristigasteridae Ilisha africana ott741177 P 28 1.3 0.78 1.82 1 5,227 37.69 (159)
Sciaenidae Bairdiella chrysoura ott761907 P 207 1.09 0.56 1.62 1 52,800 54.91 (160)
Sciaenidae Cynoscion regalis ott5860595 P 208 1.49 1.24 1.73 29 90,019 – 2,163,872 554.68 – 3969.46 (161)
Sciaenidae Cynoscion striatus ott267367 P 209 1.23 0.66 1.79 5 45,347 – 98,573 178.46 – 230.71 (162)
Sciaenidae Genyonemus lineatus ott1027240 P 210 1.9 1.66 2.15 44 1,038 – 36,701 78.67 – 401.10 (163)
Sciaenidae Isopisthus parvipinnis ott133138 P 211 1.31 0.88 1.76 8 4,280 – 51,604 19.18 – 44.36 (162)
Sciaenidae Larimus breviceps ott924070 P 212 1.71 1.2 2.25 6 5,463 – 165,132 73.67 – 144.63 (162)
Sciaenidae Larimus fasciatus ott897432 P 213 1.03 0.86 1.2 81 17,639 – 315,972 8.75 – 59.86 (164)
Sciaenidae Macrodon ancylodon ott99076 P 215 1.24 0.89 1.59 21 26,210 – 217,632 155.00 – 500.00 (165)
Sciaenidae Micropogonias furnieri ott742890 P 216 0.99 0.83 1.16 85 44,733 – 776,006 315.49 – 2485.35 (166); (167)
Sciaenidae Paralonchurus brasiliensis ott160812 P 218 0.89 0.42 1.35 16 11,497 – 86,034 44.15 – 94.52 (162)
Sciaenidae Seriphus politus ott827210 P 219 1.11 1 1.22 143 2,314 – 125,632 7.44 – 85.10 (168)
Sciaenidae Stellifer rastrifer ott362452 P 220 0.76 0.5 1.02 44 1,544 – 263,392 21.73 – 107.90 (162)
Scombridae Auxis rochei ott713972 P 221 1.18 0.59 1.78 1 75,000 453.17 (169)
Scombridae Scomber scombrus ott70561 P 225 1.38 1.08 1.68 27 151,916 – 1,491,192 190.50 – 832.39 (170)
Scombridae Scomberomorus cavalla ott70546 P 226 1.37 1.26 1.49 75 69,264 – 12,206,888 886.37 – 28991.83 (171); (172)
Scombridae Scomberomorus maculatus ott266387 P 227 1.12 0.84 1.4 14 525,000 – 7,411,000 550.00 – 4150.00 (173); (1)
Scombridae Thunnus alalunga ott833194 P 228 0.93 0.56 1.32 69 263,100 – 2,813,400 14094.95 – 25217.33 (174)
Scombridae Thunnus albacares ott833188 P 229 0.99 0.57 1.4 4 1,300,000 – 5,431,000 32593.36 – 57119.99 (175)
Scombridae Thunnus thynnus ott358607 P 231 1.31 0.83 1.79 27 13,600,000 – 57,600,000 1336.98 – 2861.01 (176)
Sebastidae Sebastes alutus ott480735 BI 288 1.76 1.6 1.93 88 4,500 – 270,000 255.24 – 1429.15 (177); (178)
Sebastidae Sebastes atrovirens ott480732 BI 289 1.11 0.59 1.62 17 67,927 – 528,987 268.54 – 471.51 (148)
Sebastidae Sebastes auriculatus ott480729 BI 290 1.06 0.74 1.39 35 51,619 – 338,540 391.43 – 1455.21 (179)
Sebastidae Sebastes brevispinis ott1057081 BI 291 1.28 0.81 1.76 22 496,000 – 1,252,000 1448.00 – 2832.00 (180)
Sebastidae Sebastes carnatus ott1057074 BI 292 1.19 0.67 1.7 11 77,671 – 236,038 499.24 – 1054.02 (148)
Sebastidae Sebastes caurinus ott1057078 BI 293 1.68 1.49 1.86 54 15,642 – 640,052 247.45 – 2343.44 (179); (181)
Sebastidae Sebastes chlorostictus ott1057068 BI 294 1.55 1.34 1.76 64 17,198 – 761,362 246.06 – 1252.35 (182); (183)
Sebastidae Sebastes constellatus ott1057062 BI 295 1.34 0.95 1.73 21 31,781 – 248,490 224.89 – 655.33 (182)
Sebastidae Sebastes crameri ott1057065 BI 296 1.46 1.1 1.82 12 36,600 – 609,800 491.77 – 2582.59 (184)
Sebastidae Sebastes dallii ott1088425 BI 297 1.15 0.75 1.55 23 3,744 – 18,131 17.90 – 44.78 (182)
Sebastidae Sebastes diploproa ott1057059 BI 298 1.45 1.13 1.77 15 14,400 – 303,700 85.27 – 559.21 (184)
Sebastidae Sebastes elongatus ott531065 BI 299 1.3 1.06 1.53 25 8,707 – 296,799 56.35 – 567.53 (182)
Sebastidae Sebastes entomelas ott531068 BI 300 1.62 1.43 1.81 110 55,600 – 1,102,844 443.86 – 2398.20 (185); (182); (184)
Sebastidae Sebastes flavidus ott531059 BI 301 1.5 1.25 1.74 49 48,400 – 969,715 395.33 – 2310.74 (184); (182)
Sebastidae Sebastes goodei ott531047 BI 302 1.32 1.13 1.5 62 29,200 – 961,809 351.87 – 2426.91 (182); (184)
Sebastidae Sebastes helvomaculatus ott531044 BI 303 1.29 0.81 1.79 5 183,000 – 1,652,000 105.65 – 322.55 (186)
Sebastidae Sebastes hopkinsi ott9589 BI 304 1.01 0.66 1.36 39 8,332 – 39,559 61.99 – 228.24 (182)
Sebastidae Sebastes jordani ott9592 BI 305 1.1 0.75 1.47 10 6,200 – 50,100 28.36 – 168.04 (184)
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Family Species OTL SM F3 β1 2.5% C.I. 97.5% C.I. n Fecundity range Mass range (g) Refs
Sebastidae Sebastes levis ott9598 BI 306 1.06 0.79 1.34 27 181,001 – 1,941,579 1367.68 – 7660.85 (182)
Sebastidae Sebastes melanops ott9604 BI 307 1.3 1.05 1.54 226 214,367 – 1,498,862 1165.81 – 2799.49 (187)
Sebastidae Sebastes melanostomus ott9607 BI 308 1.41 1.11 1.73 42 174,874 – 1,177,889 864.30 – 2919.60 (188); (186)
Sebastidae Sebastes mentella ott1088432 BI 309 1.46 1.37 1.55 227 1,457 – 115,846 162.42 – 1284.55 (189); (190)
Sebastidae Sebastes miniatus ott9611 BI 310 1.58 1.37 1.78 59 63,300 – 2,647,282 1022.07 – 10240.11 (182); (184)
Sebastidae Sebastes mystinus ott9616 BI 311 1.74 1.58 1.9 151 10,369 – 524,554 192.42 – 983.32 (148); (191)
Sebastidae Sebastes norvegicus ott1088441 BI 312 1.06 0.89 1.23 67 19,810 – 336,700 434.15 – 3204.64 (192); (190)
Sebastidae Sebastes ovalis ott582324 BI 313 1.23 0.82 1.64 39 52,356 – 212,399 425.50 – 1019.60 (186); (188)
Sebastidae Sebastes paucispinis ott582321 BI 314 1.35 1.18 1.53 75 20,000 – 2,297,900 724.86 – 6193.24 (182); (184)
Sebastidae Sebastes pinniger ott582318 BI 315 1.26 0.79 1.73 10 260,600 – 1,897,600 1506.08 – 4055.36 (184)
Sebastidae Sebastes rastrelliger ott582315 BI 316 1.23 0.82 1.65 2 80,000 – 760,000 386.67 – 2211.98 (193)
Sebastidae Sebastes rosaceus ott212767 BI 317 1.14 0.84 1.44 23 12,992 – 94,936 43.53 – 172.48 (182)
Sebastidae Sebastes rosenblatti ott582311 BI 318 1.29 0.97 1.61 26 4,880 – 93,370 47.04 – 171.78 (182)
Sebastidae Sebastes rufus ott884513 BI 319 1.3 0.93 1.67 27 67,051 – 606,888 672.05 – 2143.58 (182)
Sebastidae Sebastes saxicola ott884510 BI 320 1.04 0.94 1.14 43 4,376 – 230,000 13.98 – 452.33 (182); (184)
Sebastidae Sebastes semicinctus ott795707 BI 321 1.29 0.99 1.61 46 3,275 – 30,867 18.95 – 85.87 (182)
Sebastidae Sebastes serranoides ott884519 BI 322 1.56 1.34 1.78 83 29,597 – 524,048 287.54 – 1198.45 (194)
Sebastidae Sebastes viviparus ott99016 BI 323 1.21 0.94 1.49 32 1,770 – 29,047 69.51 – 324.99 (195)
Serranidae Cephalopholis cruentata ott12880 P 232 1.18 0.7 1.66 12 86,204 – 615,387 142.95 – 414.81 (196)
Serranidae Epinephelus aeneus ott306171 P 233 1.15 0.87 1.42 27 404,056 – 12,589,242 967.53 – 6975.90 (197)
Serranidae Epinephelus fasciatus ott534146 P 234 0.78 0.34 1.21 9 254,732 – 879,038 395.33 – 1435.81 (197)
Serranidae Epinephelus marginatus ott733897 P 235 1.22 0.65 1.78 2 257,657 – 606,246 758.70 – 1197.83 (197)
Serranidae Epinephelus tauvina ott218649 P 236 0.9 0.51 1.29 4 850,186 – 2,904,912 1062.45 – 6012.89 (198)
Serranidae Mycteroperca tigris ott207413 P 237 1.43 0.95 1.93 2 890,000 – 10,490,000 3130.04 – 7720.75 (199)
Siganidae Siganus canaliculatus ott199059 S 241 1.25 1.05 1.44 27 35,494 – 1,555,688 59.67 – 870.20 (200)
Soleidae Solea solea ott710233 P 268 1.15 1.07 1.24 323 50,400 – 1,577,100 117.75 – 1194.75 (201)
Sparidae Acanthopagrus latus ott760733 P 242 1.16 0.58 1.73 5 1,362,137 – 2,152,993 426.21 – 660.47 (202)
Sparidae Archosargus rhomboidalis ott724892 P 243 0.91 0.69 1.13 23 18,274 – 161,107 15.05 – 156.17 (203)
Sparidae Sparidentex hasta ott845300 P 244 1.21 0.73 1.69 6 308,273 – 1,693,365 2604.06 – 6288.57 (202)
Stromateidae Pampus chinensis ott916290 P 245 1.14 0.56 1.71 8 80,400 – 93,100 647.18 – 876.77 (204)
Syngnathidae Hippocampus reidi ott630138 BP 326 1.24 0.76 1.72 3 725 – 914 10.00 – 12.30 (205)
Syngnathidae Micrognathus crinitus ott3642321 BP 327 1.11 0.79 1.43 1 21.7 0.17 (206)
Syngnathidae Syngnathus floridae ott774435 BP 330 1.16 0.74 1.58 1 357.6 3.03 (206)
Syngnathidae Syngnathus louisianae ott774414 BP 331 1.22 0.77 1.69 1 664.7 8.36 (206)
Syngnathidae Syngnathus scovelli ott251400 BP 333 1.2 0.83 1.58 1 55.6 0.88 (206)
Tetraodontidae Canthigaster valentini ott701127 S 342 0.97 0.77 1.18 66 419 – 1,928 2.32 – 9.09 (207)
Trachichthyidae Hoplostethus atlanticus ott816600 P 9 1.01 0.81 1.21 166 9,776 – 93,849 661.58 – 2509.01 (208)
Trichiuridae Aphanopus carbo ott113465 P 246 1.18 0.71 1.66 14 228,950 – 961,440 1950.46 – 4169.05 (209)
Zoarcidae Gymnelus viridis ott729337 D 248 1.26 0.8 1.74 1 11 13.80 (79)
Zoarcidae Lycodes esmarkii ott841648 D 249 0.93 0.38 1.48 1 1,200 4659.64 (79)
Zoarcidae Lycodes eudipleurostictus ott905435 D 250 1.23 0.65 1.8 1 186.5 183.60 (79)
Zoarcidae Lycodes frigidus ott539690 D 251 1.09 0.49 1.68 1 500 1207.55 (79)
Zoarcidae Lycodes pallidus ott178074 D 252 1.23 0.71 1.76 1 60 50.90 (79)
Zoarcidae Lycodes vahlii ott178063 D 255 1.04 0.59 1.49 1 37.5 7.04 (79)
Zoarcidae Melanostigma atlanticum ott3633033 D 256 0.94 0.52 1.35 3 36 – 56 3.94 – 7.54 (210)

* This is original data collected by the second author (D. Ross Robertson). Fish size were measured in standard length (mm), and total volume was measured as described in ref. (244). Then, for each female, clutch dry weight was obtained, and a

subsample of 50 eggs was obtained to estimate individual egg weight. Fecundity was estimated as the ratio between clutch dry weight and average individual egg weight.



Table S4. Summary of data used for Egg-volume–Mass model. This table shows summary stats of raw data used in Egg-volume–Mass model (Fig. 2B). OTL

= Open Tree of Life Identifier; SM = Spawning Mode (D = demersal, P = pelagic, S = scatterer, BM/BP/BI = mouth/pouch/internal brooder – all brooders have no

parental provisioning post fertilization); β1 / 2.5% / 97.5% = Estimates (mean and 95% Bayesian credible intervals) of species-specific egg-volume mass-scaling

exponents as obtained from Egg-volume–Mass model (see Materials and Methods); n = number of independent observations for each species.

Family Species OTL SM F3 β1 2.5% C.I. 97.5% C.I. n Egg-volume range (mm3) Mass range (g) Refs
Agonidae Leptagonus decagonus ott3632024 D 269 0.17 -0.23 0.55 1 4.189 32.32 (79)
Apogonidae Cheilodipterus macrodon ott965176 BM 59 0.21 -0.25 0.66 1 0.113 110.09 (80)
Apogonidae Holapogon maximus ott3635086 BM 61 0.15 -0.29 0.57 1 0.180 48.48 (80)
Apogonidae Jaydia hungi ott3634955 BM 62 0.08 -0.31 0.46 1 0.268 20.36 (80)
Apogonidae Ostorhinchus cookii ott102070 BM 63 0.07 -0.3 0.43 1 0.268 15.91 (80)
Apogonidae Ostorhinchus cyanosoma ott638185 BM 64 0.18 -0.14 0.49 1 0.113 6.02 (80)
Apogonidae Paroncheilus affinis ott974576 BM 66 0.33 -0.02 0.67 1 0.034 8.39 (211)
Apogonidae Siphamia tubifer ott5860863 BM 67 -0.09 -0.35 0.15 1 0.905 0.29 (80)
Apogonidae Taeniamia lineolata ott775407 BM 68 -0.04 -0.34 0.26 1 0.524 3.35 (80)
Atherinidae Atherina presbyter ott669918 D 2 0.12 -0.26 0.5 1 0.839 7.47 (81)
Atherinopsidae Menidia menidia ott189767 D 5 0.07 -0.16 0.29 20 0.624 – 0.860 3.48 – 14.03 (212)
Balistidae Balistes capriscus ott135140 S 335 0.18 -0.32 0.67 1 0.039 378.39 (85)
Bathydraconidae Akarotaxis nudiceps ott682053 D 69 -0.03 -0.4 0.33 1 9.203 16.00 (213)
Blenniidae Aidablennius sphynx ott898527 D 70 0.06 -0.28 0.39 1 0.195 0.63 (86)
Bothidae Arnoglossus laterna ott696263 P 258 0.27 -0.05 0.61 1 0.056 5.27 (87)
Callionymidae Synchiropus sechellensis ott3632718 P 73 0.23 -0.16 0.63 1 0.268 10.06 (214)
Carangidae Decapterus punctatus ott705034 P 74 0.41 0.01 0.82 1 0.024 31.62 (88)
Carangidae Trachurus mediterraneus ott174577 P 76 0.14 -0.33 0.6 1 0.271 364.39 (215)
Carangidae Trachurus picturatus ott174574 P 77 0.1 -0.25 0.46 8 0.194 – 0.194 38.10 – 73.11 (90)
Carangidae Trachurus trachurus ott472429 P 78 0.16 -0.21 0.54 3 0.342 – 0.435 140.72 – 317.47 (216); (215)
Channichthyidae Pagetopsis macropterus ott708993 D 84 0.01 -0.52 0.53 1 33.510 273.22 (217)
Clupeidae Alosa mediocris ott491656 D 10 0.14 -0.33 0.65 1 1.732 664.33 (218)
Clupeidae Amblygaster sirm ott328216 P 11 0.32 -0.11 0.77 1 0.048 42.93 (92)
Clupeidae Brevoortia patronus ott107260 P 12 0.08 -0.36 0.52 2 0.905 – 1.124 119.37 – 173.32 (219)
Clupeidae Ethmalosa fimbriata ott658559 P 16 0.25 -0.32 0.81 1 0.039 362.80 (94)
Clupeidae Nematalosa vlaminghi ott328199 P 17 0.07 -0.39 0.51 1 0.748 111.79 (95)
Clupeidae Spratelloides gracilis ott39732 D 21 0.12 -0.16 0.38 1 0.180 0.59 (99)
Congiopodidae Zanclorhynchus spinifer ott255677 P 271 0.25 -0.2 0.71 1 0.268 104.29 (213)
Cottidae Artediellus atlanticus ott654509 D 273 -0.12 -0.53 0.25 1 33.510 23.32 (79)
Cottidae Enophrys bison ott290389 D 274 0.25 -0.22 0.72 2 2.572 – 4.189 197.53 – 241.50 (101)
Cottidae Gymnocanthus tricuspis ott654474 D 275 0.19 -0.28 0.65 1 3.764 179.34 (79)
Cottidae Icelus bicornis ott3632116 D 276 0.12 -0.26 0.51 1 8.181 14.79 (79)
Cottidae Triglops pingelii ott568671 D 277 -0.01 -0.39 0.35 1 14.137 22.25 (79)
Cyclopteridae Cyclopteropsis mcalpini ott3631993 D 279 -0.07 -0.38 0.23 1 65.450 2.80 (79)
Cyclopteridae Eumicrotremus spinosus ott1097394 D 280 0.09 -0.34 0.52 1 29.764 60.65 (79)
Engraulidae Cetengraulis mysticetus ott1064953 P 24 0.2 0.04 0.36 86 0.048 – 0.113 25.10 – 71.50 (103)
Engraulidae Engraulis anchoita ott648864 P 25 0.12 -0.1 0.35 25 0.796 – 1.232 9.16 – 28.94 (220)



Table S4 Continued.

Family Species OTL SM F3 β1 2.5% C.I. 97.5% C.I. n Egg-volume range (mm3) Mass range (g) Refs
Engraulidae Engraulis mordax ott29754 P 26 -0.02 -0.37 0.32 1 1.023 14.74 (105)
Exocoetidae Hirundichthys affinis ott837204 D 7 0.04 -0.47 0.54 1 8.181 255.62 (108)
Fundulidae Fundulus heteroclitus ott4134765 D 29 0.15 -0.04 0.35 26 2.310 – 5.806 3.36 – 14.51 (221)
Fundulidae Fundulus xenicus ott839523 D 30 0.11 -0.19 0.4 1 3.131 1.75 (222)
Gadidae Boreogadus saida ott877055 P 33 -0.06 -0.43 0.31 1 2.550 18.48 (79)
Gadidae Eleginus nawaga ott450082 D 34 -0.02 -0.46 0.4 1 2.572 74.86 (79)
Gadidae Gadus morhua ott5860467 P 35 0.12 0.03 0.2 67 0.975 – 2.040 1382.51 – 24086.31 (110)
Gadidae Melanogrammus aeglefinus ott635904 P 36 0.08 0.02 0.14 142 1.018 – 1.736 111.75 – 2235.27 (223)
Gadidae Micromesistius australis ott1091056 P 38 0.1 -0.43 0.59 2 0.211 – 0.211 891.18 – 891.18 (114)
Gasterosteidae Gasterosteus aculeatus ott111122 D 45 0.24 -0.07 0.54 1 1.732 1.11 (116)
Gobiidae Elacatinus oceanops ott638369 D 89 -0.1 -0.36 0.15 1 0.776 0.25 (117)
Gobiidae Gobiosoma robustum ott1064480 D 90 0.18 -0.31 0.65 1 0.130 158.08 (118)
Gobiidae Oligolepis acutipennis ott767535 D 91 0.25 -0.21 0.7 1 0.022 25.48 (224)
Gobiidae Paragobiodon echinocephalus ott940827 D 92 0.1 -0.17 0.37 1 0.144 0.23 (119)
Gobiidae Paragobiodon lacunicolus ott758973 D 93 0.1 -0.18 0.37 1 0.144 0.23 (119)
Gobiidae Paragobiodon xanthosoma ott770378 D 94 0.1 -0.17 0.37 1 0.144 0.23 (119)
Haemulidae Haemulopsis corvinaeformis ott177515 P 97 0.21 -0.2 0.63 1 0.031 51.66 (108)
Hemiramphidae Hemiramphus brasiliensis ott953384 D 8 0.34 -0.13 0.83 1 0.268 111.47 (108)
Hemitripteridae Hemitripterus americanus ott160287 D 282 1.34 0.88 1.77 6 0.641 – 36.087 303.44 – 1004.16 (121)
Hexagrammidae Oxylebius pictus ott131554 D 284 0.3 -0.1 0.72 2 1.150 – 1.437 46.13 – 87.76 (122)
Labridae Anampses caeruleopunctatus ott372276 D 98 0.15 -0.32 0.63 1 0.134 331.12 (225)
Labridae Anampses twistii ott762167 P 99 0.12 -0.31 0.54 1 0.151 85.50 (225)
Labridae Cheilinus fasciatus ott155291 P 103 0.14 -0.33 0.63 1 0.137 637.55 (225)
Labridae Cheilinus oxycephalus ott195575 P 104 0.14 -0.3 0.59 1 0.125 114.33 (225)
Labridae Cheilinus trilobatus ott924675 P 105 0.12 -0.35 0.58 1 0.131 1556.96 (225)
Labridae Coris gaimard ott1092680 P 107 0.15 -0.33 0.62 1 0.134 294.30 (225)
Labridae Coris variegata ott3636534 P 108 0.15 -0.28 0.58 1 0.113 82.58 (225)
Labridae Epibulus insidiator ott120301 P 110 0.14 -0.35 0.61 1 0.154 1215.59 (225)
Labridae Gomphosus varius ott358606 P 111 0.18 -0.3 0.65 1 0.090 239.62 (225)
Labridae Halichoeres biocellatus ott1015700 P 112 0.12 -0.23 0.46 1 0.122 14.76 (225)
Labridae Halichoeres hortulanus ott694390 P 118 0.16 -0.31 0.63 1 0.113 228.47 (225)
Labridae Halichoeres melanurus ott627330 P 122 0.15 -0.29 0.59 1 0.131 53.47 (225)
Labridae Hemigymnus fasciatus ott924674 P 130 0.14 -0.3 0.58 1 0.195 2850.00 (225)
Labridae Labrichthys unilineatus ott302371 P 132 0.11 -0.29 0.51 1 0.168 50.73 (225)
Labridae Labroides dimidiatus ott302377 P 133 0.11 -0.23 0.46 1 0.137 17.95 (225)
Labridae Labropsis micronesica ott3636703 P 134 0.01 -0.32 0.34 1 0.258 10.96 (225)
Labridae Labropsis xanthonota ott3636702 P 135 0.08 -0.25 0.42 1 0.165 13.01 (225)
Labridae Macropharyngodon meleagris ott552117 P 136 0.1 -0.25 0.46 1 0.141 20.06 (225)
Labridae Novaculichthys taeniourus ott456983 P 137 0.15 -0.32 0.63 1 0.108 413.18 (225)



Table S4 Continued.

Family Species OTL SM F3 β1 2.5% C.I. 97.5% C.I. n Egg-volume range (mm3) Mass range (g) Refs
Labridae Oxycheilinus unifasciatus ott352271 P 138 0.14 -0.33 0.6 1 0.151 263.59 (225)
Labridae Pseudocheilinus hexataenia ott712600 P 139 0.14 -0.25 0.53 1 0.113 36.29 (225)
Labridae Symphodus roissali ott876619 D 142 0.06 -0.11 0.23 10 0.180 – 0.225 4.11 – 22.47 (226)
Liparidae Careproctus reinhardti ott1065176 D 285 0.12 -0.36 0.6 1 40.765 357.25 (79)
Liparidae Liparis fabricii ott496423 D 286 0.22 -0.22 0.66 1 7.148 60.36 (79)
Liparidae Paraliparis bathybius ott309222 BM 287 0.08 -0.37 0.53 1 36.087 122.99 (79)
Lutjanidae Lutjanus carponotatus ott333348 P 152 0.15 -0.15 0.45 4 0.032 – 0.042 90.62 – 431.79 (125)
Malacanthidae Caulolatilus microps ott39883 P 156 0.21 -0.25 0.67 1 0.258 2274.90 (129)
Merlucciidae Merluccius merluccius ott5860466 P 44 0.24 0.15 0.35 209 0.258 – 0.963 626.18 – 3465.51 (132)
Monacanthidae Brachaluteres jacksonianus ott333693 S 336 -0.02 -0.29 0.24 1 0.212 1.24 (133)
Monacanthidae Eubalichthys bucephalus ott3631310 S 337 0.13 -0.35 0.6 1 0.204 434.98 (134)
Monacanthidae Oxymonacanthus longirostris ott333706 S 338 0.01 -0.3 0.31 1 0.180 3.62 (135)
Monacanthidae Paramonacanthus japonicus ott3631319 S 339 0.13 -0.2 0.46 1 0.078 7.40 (136)
Monacanthidae Rudarius ercodes ott511593 S 340 0.11 -0.18 0.4 1 0.078 2.98 (136)
Mugilidae Chelon labrosus ott777079 P 46 -0.05 -0.46 0.33 13 0.090 – 0.410 1240.00 – 2300.00 (138)
Mugilidae Chelon ramada ott668241 P 47 0.08 -0.39 0.52 2 0.050 – 0.050 850.00 – 1450.00 (138)
Mugilidae Mugil cephalus ott418648 P 48 -0.11 -0.51 0.27 2 0.082 – 0.144 702.39 – 1833.16 (141); (139)
Mugilidae Planiliza subviridis ott823526 P 53 0.04 -0.32 0.41 1 0.157 17.13 (143)
Nototheniidae Lepidonotothen nudifrons ott260052 D 160 0.15 -0.31 0.6 1 2.806 117.20 (144)
Nototheniidae Patagonotothen longipes ott430554 D 161 0.33 -0.03 0.71 1 0.524 17.05 (227)
Nototheniidae Patagonotothen sima ott874773 D 162 0.46 0.17 0.76 1 0.128 2.43 (227)
Paralichthyidae Paralichthys dentatus ott1019735 P 259 0.16 -0.25 0.56 1 0.524 7935.57 (146)
Pleuronectidae Ammotretis rostratus ott600529 P 261 0.11 -0.33 0.56 4 0.508 – 0.572 356.19 – 563.87 (228)
Pleuronectidae Pseudopleuronectes americanus ott261419 D 265 0.07 -0.16 0.31 17 0.221 – 0.333 332.81 – 1322.71 (152)
Pleuronectidae Rhombosolea tapirina ott867269 P 267 0.11 -0.3 0.51 5 0.221 – 0.268 272.82 – 553.92 (228)
Pomacentridae Abudefduf saxatilis ott405751 D 167 0.02 -0.38 0.41 1 0.369 22.12 (155)
Pomacentridae Pomacentrus coelestis ott622060 D 180 0.08 -0.21 0.36 9 0.119 – 0.239 1.81 – 2.46 (157)
Pristigasteridae Ilisha africana ott741177 P 28 0.14 -0.26 0.53 1 0.322 37.69 (159)
Scaridae Cetoscarus bicolor ott1041720 P 190 0.14 -0.29 0.59 1 0.221 3384.72 (225)
Scaridae Chlorurus sordidus ott436737 P 191 0.14 -0.34 0.62 1 0.169 442.00 (225)
Scaridae Hipposcarus longiceps ott465039 P 193 0.16 -0.31 0.62 1 0.257 1527.80 (225)
Scaridae Scarus forsteni ott548869 P 195 0.14 -0.33 0.62 1 0.229 1077.09 (225)
Scaridae Scarus frenatus ott436725 P 196 0.13 -0.34 0.59 1 0.173 1851.12 (225)
Scaridae Scarus globiceps ott514869 P 197 0.11 -0.36 0.58 1 0.241 272.43 (225)
Scaridae Scarus schlegeli ott514881 P 201 0.12 -0.34 0.56 1 0.167 2441.14 (225)
Sciaenidae Bairdiella chrysoura ott761907 P 207 0.05 -0.38 0.47 1 0.172 54.91 (160)
Sciaenidae Cynoscion regalis ott5860595 P 208 0.13 -0.35 0.59 1 0.113 2018.26 (161)
Sciaenidae Larimus fasciatus ott897432 P 213 0.18 -0.21 0.57 1 0.058 25.23 (164)
Scombridae Auxis rochei ott713972 P 221 0.13 -0.35 0.62 1 0.362 453.17 (169)



Table S4 Continued.

Family Species OTL SM F3 β1 2.5% C.I. 97.5% C.I. n Egg-volume range (mm3) Mass range (g) Refs
Scombridae Euthynnus affinis ott308760 P 222 0.05 -0.35 0.45 3 0.123 – 0.191 5941.53 – 7549.52 (229)
Scombridae Katsuwonus pelamis ott308754 P 223 0.23 -0.11 0.58 10 0.144 – 0.248 2957.32 – 6503.90 (229)
Scombridae Sarda sarda ott833175 P 224 0.23 -0.24 0.7 1 1.124 1985.06 (230)
Scombridae Scomberomorus cavalla ott70546 P 226 0.14 -0.27 0.55 1 0.456 6702.24 (171)
Scombridae Thunnus albacares ott833188 P 229 0.09 -0.13 0.3 5 0.144 – 0.197 4620.11 – 43292.47 (229); (175)
Scombridae Thunnus obesus ott358613 P 230 0.17 -0.15 0.49 1 0.615 36847.75 (231)
Scombridae Thunnus thynnus ott358607 P 231 -0.17 -0.68 0.27 6 0.074 – 0.697 1690.13 – 2103.10 (232); (176)
Sebastidae Sebastes mentella ott1088432 BI 309 0.14 -0.36 0.62 1 0.685 690.02 (190)
Sebastidae Sebastes norvegicus ott1088441 BI 312 0.12 -0.37 0.61 1 0.685 1153.76 (190)
Sebastidae Sebastolobus altivelis ott811927 P 324 0.14 -0.35 0.61 1 1.023 288.33 (233)
Serranidae Cephalopholis cruentata ott12880 P 232 0.14 -0.33 0.63 1 0.078 220.12 (196)
Serranidae Epinephelus tauvina ott218649 P 236 0.05 -0.43 0.51 1 0.048 3094.02 (198)
Siganidae Siganus canaliculatus ott199059 S 241 0.19 -0.29 0.68 1 0.018 245.10 (200)
Soleidae Solea solea ott710233 P 268 0.13 -0.16 0.43 23 1.202 – 1.583 17000.00 – 51000.00 (234)
Sparidae Acanthopagrus latus ott760733 P 242 0.14 -0.35 0.63 1 0.100 570.93 (202)
Sparidae Archosargus rhomboidalis ott724892 P 243 0.3 -0.14 0.74 1 0.014 71.27 (203)
Sparidae Sparidentex hasta ott845300 P 244 0.16 -0.27 0.6 1 0.100 4986.75 (202)
Stromateidae Pampus chinensis ott916290 P 245 0.14 -0.34 0.63 1 0.606 741.00 (204)
Syngnathidae Entelurus aequoreus ott971459 BP 325 0.29 0.03 0.54 9 0.358 – 0.779 3.99 – 12.09 (235)
Syngnathidae Micrognathus crinitus ott3642321 BP 327 0.14 -0.09 0.35 1 0.796 0.17 (206)
Syngnathidae Nerophis ophidion ott806821 BP 328 0.17 -0.05 0.39 19 0.158 – 0.864 0.72 – 2.27 (235)
Syngnathidae Syngnathus acus ott774440 BP 329 0.21 0.02 0.4 19 6.118 – 11.706 12.97 – 62.60 (235)
Syngnathidae Syngnathus floridae ott774435 BP 330 0.37 0.07 0.66 1 0.322 3.03 (206)
Syngnathidae Syngnathus louisianae ott774414 BP 331 0.33 0 0.67 1 0.524 8.36 (206)
Syngnathidae Syngnathus rostellatus ott774411 BP 332 0.3 0.12 0.49 18 0.398 – 1.327 0.39 – 1.10 (235)
Syngnathidae Syngnathus scovelli ott251400 BP 333 0.22 -0.04 0.46 1 0.796 0.88 (206)
Syngnathidae Syngnathus typhle ott251396 BP 334 0.18 0.02 0.33 25 2.031 – 5.610 0.96 – 6.44 (235)
Tetraodontidae Canthigaster valentini ott701127 S 342 0.01 -0.33 0.34 1 0.180 4.18 (207)
Trichiuridae Aphanopus carbo ott113465 P 246 0.18 -0.27 0.64 1 0.806 2814.83 (209)
Zoarcidae Gymnelus viridis ott729337 D 248 0.11 -0.24 0.44 1 52.645 13.80 (79)
Zoarcidae Lycodes esmarkii ott841648 D 249 0.16 -0.25 0.57 1 113.097 4659.64 (79)
Zoarcidae Lycodes eudipleurostictus ott905435 D 250 0.13 -0.34 0.58 1 75.766 183.60 (79)
Zoarcidae Lycodes frigidus ott539690 D 251 0.18 -0.29 0.65 1 179.594 1207.55 (79)
Zoarcidae Lycodes pallidus ott178074 D 252 0.25 -0.16 0.65 1 22.449 50.90 (79)
Zoarcidae Lycodes polaris ott34255 D 253 0.16 -0.27 0.58 1 47.713 73.29 (79)
Zoarcidae Lycodes reticulatus ott752411 D 254 0.04 -0.46 0.54 1 344.791 271.32 (79)
Zoarcidae Lycodes vahlii ott178063 D 255 0.17 -0.15 0.47 1 33.510 7.04 (79)
Zoarcidae Melanostigma atlanticum ott3633033 D 256 0.22 -0.08 0.5 3 11.494 – 20.580 3.94 – 7.54 (210)
Zoarcidae Pachycara brachycephalum ott203179 D 257 0.12 -0.35 0.58 1 65.450 150.21 (213)



Table S5. Summary of data used for Egg-energy–Volume model. This table shows summary stats of raw data used in Egg-energy–Volume model (Fig. 2C).

OTL = Open Tree of Life Identifier; SM = Spawning Mode (D = demersal, P = pelagic, S = scatterer, BM/BP/BI = mouth/pouch/internal brooder – all brood-

ers have no parental provisioning post fertilization); β1 / 2.5% / 97.5% = Estimates (mean and 95% Bayesian credible intervals) of species-specific egg-energy

volume-scaling exponents as obtained from Egg-energy–Volume model (see Materials and Methods); n = number of independent measurements for each species.

Family Species OTL SM F3 β1 2.5% C.I. 97.5% C.I. n Egg-energy range (J) Egg-volume range (mm3) Refs
Acanthuridae Acanthurus coeruleus ott324283 P 55 0.76 0.34 1.19 6 0.24 – 0.29 0.136 – 0.163 *
Acanthuridae Acanthurus nigrofuscus ott605289 P 56 0.62 0.29 0.92 14 0.16 – 0.32 0.085 – 0.112 *
Acanthuridae Acanthurus triostegus ott467300 P 57 0.68 0.34 1.03 4 0.20 – 0.23 0.079 – 0.095 *
Acanthuridae Zebrasoma scopas ott199073 P 58 0.74 0.31 1.17 8 0.22 – 0.36 0.121 – 0.141 *
Agonidae Podothecus sachi ott590745 D 270 0.59 0.27 0.92 3 14.90 – 16.19 1.720 – 1.720 *
Apogonidae Cheilodipterus quinquelineatus ott364614 BM 60 0.61 0.2 1 2 0.96 – 1.06 0.298 – 0.377 *
Apogonidae Ostorhinchus cyanosoma ott638185 BM 64 0.71 0.31 1.1 5 0.49 – 0.67 0.105 – 0.140 *
Apogonidae Ostorhinchus doederleini ott687634 BM 65 0.78 0.31 1.26 1 1.16 0.233 *
Atherinopsidae Membras gilberti ott680137 D 4 0.72 0.29 1.15 5 3.70 – 4.20 0.852 – 1.066 *
Blenniidae Ophioblennius atlanticus ott282319 D 71 0.87 0.49 1.27 28 0.62 – 0.94 0.124 – 0.154 *
Blenniidae Ophioblennius steindachneri ott155044 D 72 0.84 0.51 1.17 24 0.38 – 0.80 0.102 – 0.140 *
Chaenopsidae Acanthemblemaria hancocki ott57340 D 80 0.63 0.27 0.97 42 1.34 – 2.44 0.303 – 0.403 *
Chaenopsidae Acanthemblemaria rivasi ott57343 D 81 0.74 0.48 0.99 36 2.28 – 3.48 0.477 – 0.696 *
Chaenopsidae Neoclinus uninotatus ott3639321 D 82 0.77 0.45 1.09 1 5.41 1.345 *
Chaetodontidae Chaetodon capistratus ott264060 P 83 0.71 0.25 1.15 8 0.29 – 0.43 0.154 – 0.184 *
Clupeidae Brevoortia tyrannus ott107265 P 13 0.39 0.1 0.67 1 0.98 2.456 *
Clupeidae Clupea pallasii ott9666 D 15 0.97 0.64 1.29 4 4.87 – 6.04 1.564 – 1.667 *
Coryphaenidae Coryphaena hippurus ott223663 P 85 0.71 0.34 1.06 1 4.17 2.600 *
Cottidae Alcichthys elongatus ott3632242 D 272 0.69 0.31 1.05 4 5.69 – 7.09 1.420 – 1.420 *
Cyclopteridae Aptocyclus ventricosus ott989887 D 278 1.03 0.68 1.37 1 46.35 2.430 *
Engraulidae Engraulis mordax ott29754 P 26 0.84 0.58 1.11 2 0.43 – 1.24 0.172 – 0.520 (236)
Engraulidae Engraulis ringens ott211981 P 27 0.91 0.49 1.34 2 0.86 – 0.98 0.284 – 0.322 (237)
Fundulidae Lucania goodei ott84261 D 31 0.78 0.46 1.1 1 7.50 1.193 (238)
Fundulidae Lucania parva ott839518 D 32 0.79 0.41 1.17 1 5.77 0.828 (238)
Gadidae Gadus morhua ott5860467 P 35 0.87 0.72 1.03 16 2.05 – 3.30 1.033 – 1.640 (239)
Gadidae Melanogrammus aeglefinus ott635904 P 36 0.87 0.74 1.01 60 2.17 – 3.72 1.166 – 1.957 (239)
Gadidae Merlangius merlangus ott635911 P 37 0.79 0.61 0.98 40 1.07 – 1.95 0.587 – 0.998 (239)
Gadidae Pollachius pollachius ott1014047 P 39 0.83 0.62 1.04 14 1.50 – 1.73 0.728 – 0.860 (239)
Gadidae Pollachius virens ott62649 P 40 0.87 0.65 1.1 8 1.43 – 1.85 0.656 – 0.790 (239)
Gadidae Trisopterus esmarkii ott926146 P 41 0.82 0.59 1.04 31 1.20 – 1.75 0.604 – 0.891 (239)
Gasterosteidae Gasterosteus aculeatus ott111122 D 45 0.4 0.05 0.74 3 2.57 – 2.91 2.915 – 3.246 (240)
Gobiidae Coryphopterus dicrus ott37549 D 86 0.62 0.29 0.94 11 0.27 – 0.33 0.082 – 0.108 *
Gobiidae Coryphopterus glaucofraenum ott494031 D 87 0.95 0.69 1.22 20 0.10 – 0.31 0.064 – 0.093 *
Gobiidae Coryphopterus personatus ott740192 D 88 0.77 0.51 1.02 28 0.13 – 0.31 0.059 – 0.082 *
Haemulidae Haemulon flavolineatum ott432196 P 96 0.73 0.28 1.17 5 0.56 – 0.63 0.318 – 0.350 *
Hemitripteridae Blepsias cirrhosus ott446859 D 281 1.1 0.83 1.38 1 114.86 3.170 *
Hemitripteridae Hemitripterus villosus ott438425 D 283 1.27 1.03 1.51 4 271.44 – 299.41 4.520 – 4.520 *
Hexagrammidae Oxylebius pictus ott131554 D 284 0.66 0.27 1.04 1 5.50 1.465 *
Labridae Bodianus axillaris ott548889 P 100 0.76 0.31 1.23 2 0.32 – 0.33 0.195 – 0.204 *



Table S5 Continued.

Family Species OTL SM F3 β1 2.5% C.I. 97.5% C.I. n Egg-energy range (J) Egg-volume range (mm3) Refs
Labridae Bodianus diplotaenia ott919235 P 101 0.67 0.19 1.11 10 0.16 – 0.32 0.172 – 0.211 *
Labridae Bodianus rufus ott372258 P 102 0.82 0.37 1.29 4 0.30 – 0.45 0.179 – 0.218 *
Labridae Clepticus parrae ott948303 P 106 0.76 0.33 1.19 6 0.24 – 0.35 0.151 – 0.166 *
Labridae Doratonotus megalepis ott763958 P 109 0.84 0.43 1.26 9 0.10 – 0.15 0.080 – 0.098 *
Labridae Halichoeres bivittatus ott694396 P 113 0.8 0.47 1.13 17 0.12 – 0.22 0.094 – 0.129 *
Labridae Halichoeres chierchiae ott615862 P 114 0.64 0.21 1.06 15 0.15 – 0.31 0.125 – 0.166 *
Labridae Halichoeres chloropterus ott1015715 P 115 0.79 0.36 1.23 3 0.15 – 0.18 0.086 – 0.103 *
Labridae Halichoeres dispilus ott762170 P 116 0.63 0.18 1.04 15 0.07 – 0.19 0.093 – 0.115 *
Labridae Halichoeres garnoti ott665840 P 117 0.69 0.27 1.11 15 0.17 – 0.29 0.117 – 0.162 *
Labridae Halichoeres hortulanus ott694390 P 118 0.94 0.57 1.31 2 0.13 – 0.14 0.095 – 0.101 *
Labridae Halichoeres maculipinna ott955368 P 119 0.78 0.34 1.22 6 0.13 – 0.18 0.090 – 0.107 *
Labridae Halichoeres margaritaceus ott694405 P 120 0.74 0.46 1.01 5 0.13 – 0.18 0.077 – 0.092 *
Labridae Halichoeres marginatus ott694408 P 121 0.55 0.19 0.9 3 0.20 – 0.24 0.096 – 0.105 *
Labridae Halichoeres melanurus ott627330 P 122 0.79 0.33 1.24 6 0.19 – 0.22 0.111 – 0.114 *
Labridae Halichoeres miniatus ott694399 P 123 0.81 0.45 1.16 3 0.15 – 0.19 0.097 – 0.114 *
Labridae Halichoeres nebulosus ott1015709 P 124 0.78 0.34 1.21 1 0.18 0.093 *
Labridae Halichoeres nicholsi ott694402 P 125 0.71 0.28 1.13 2 0.20 – 0.25 0.137 – 0.138 *
Labridae Halichoeres notospilus ott694414 P 126 0.96 0.64 1.28 3 0.13 – 0.14 0.094 – 0.099 *
Labridae Halichoeres pictus ott173446 P 127 1 0.57 1.46 4 0.16 – 0.43 0.115 – 0.154 *
Labridae Halichoeres poeyi ott38828 P 128 0.68 0.24 1.1 15 0.19 – 0.28 0.117 – 0.143 *
Labridae Halichoeres trimaculatus ott942026 P 129 0.8 0.35 1.25 6 0.14 – 0.18 0.088 – 0.099 *
Labridae Hemigymnus fasciatus ott924674 P 130 0.75 0.29 1.22 1 0.37 0.181 *
Labridae Hemigymnus melapterus ott302368 P 131 0.67 0.25 1.1 6 0.30 – 0.43 0.143 – 0.186 *
Labridae Novaculichthys taeniourus ott456983 P 137 0.72 0.3 1.13 6 0.12 – 0.21 0.085 – 0.101 *
Labridae Stethojulis bandanensis ott201174 P 140 0.79 0.49 1.08 2 0.12 – 0.12 0.069 – 0.071 *
Labridae Symphodus mediterraneus ott730049 D 141 0.78 0.33 1.22 1 1.05 0.236 *
Labridae Symphodus roissali ott876619 D 142 0.49 0.1 0.86 10 0.89 – 1.01 0.200 – 0.280 *
Labridae Symphodus rostratus ott553190 D 143 0.75 0.37 1.12 6 1.09 – 1.23 0.266 – 0.305 *
Labridae Symphodus tinca ott787184 D 144 0.87 0.45 1.28 3 1.17 – 1.35 0.251 – 0.271 *
Labridae Thalassoma bifasciatum ott907850 P 145 0.94 0.64 1.23 15 0.08 – 0.15 0.072 – 0.092 *
Labridae Thalassoma hardwicke ott102998 P 146 0.69 0.43 0.95 7 0.11 – 0.14 0.058 – 0.068 *
Labridae Thalassoma jansenii ott1094748 P 147 0.77 0.51 1.02 6 0.11 – 0.13 0.060 – 0.075 *
Labridae Thalassoma lucasanum ott1094750 P 148 0.78 0.5 1.05 15 0.09 – 0.16 0.065 – 0.083 *
Labridae Thalassoma lunare ott948286 P 149 0.71 0.44 0.97 5 0.12 – 0.13 0.065 – 0.074 *
Moronidae Dicentrarchus labrax ott3549 P 157 0.81 0.5 1.13 17 2.35 – 3.67 0.776 – 1.232 (241)
Mullidae Parupeneus multifasciatus ott295485 P 158 0.76 0.28 1.23 4 0.26 – 0.31 0.126 – 0.137 *
Muraenesocidae Muraenesox cinereus ott479856 P 1 0.59 0.35 0.82 7 3.20 – 5.79 2.070 – 6.290 *
Nemipteridae Scolopsis bilineata ott463069 P 159 0.76 0.29 1.22 1 0.45 0.227 *
Pinguipedidae Parapercis snyderi ott3635246 P 163 0.67 0.25 1.08 6 0.25 – 0.35 0.131 – 0.203 *
Pleuronectidae Hippoglossus hippoglossus ott408328 P 263 0.84 0.74 0.95 6 37.25 – 40.75 15.150 – 16.056 (242)
Pleuronectidae Pleuronectes platessa ott408337 P 264 0.68 0.56 0.81 41 5.22 – 7.96 2.802 – 4.489 (151)
Pleuronectidae Pseudopleuronectes americanus ott261419 D 265 0.5 0.14 0.85 2 1.25 – 1.28 0.230 – 0.463 *
Pomacentridae Abudefduf bengalensis ott318931 D 166 0.92 0.51 1.32 6 1.23 – 1.59 0.227 – 0.262 *



Table S5 Continued.

Family Species OTL SM F3 β1 2.5% C.I. 97.5% C.I. n Egg-energy range (J) Egg-volume range (mm3) Refs
Pomacentridae Abudefduf saxatilis ott405751 D 167 0.67 0.27 1.05 48 0.87 – 1.17 0.171 – 0.214 *
Pomacentridae Abudefduf septemfasciatus ott129790 D 168 0.77 0.36 1.18 10 1.06 – 1.29 0.221 – 0.237 *
Pomacentridae Abudefduf sordidus ott1053071 D 169 0.79 0.42 1.17 8 1.07 – 1.47 0.233 – 0.269 *
Pomacentridae Abudefduf troschelii ott961357 D 170 0.87 0.54 1.21 44 0.57 – 1.13 0.133 – 0.172 *
Pomacentridae Abudefduf vaigiensis ott1053067 D 171 0.76 0.37 1.16 13 0.76 – 1.01 0.137 – 0.178 *
Pomacentridae Chromis atrilobata ott436999 D 173 1.1 0.84 1.35 6 0.31 – 0.40 0.075 – 0.088 *
Pomacentridae Chromis atripectoralis ott741423 D 174 0.67 0.41 0.9 5 0.48 – 0.59 0.066 – 0.091 *
Pomacentridae Chromis multilineata ott437016 D 175 0.83 0.6 1.04 14 0.35 – 0.50 0.070 – 0.081 *
Pomacentridae Hypsypops rubicundus ott847666 D 176 0.84 0.59 1.07 7 1.54 – 1.93 0.401 – 0.453 *
Pomacentridae Microspathodon bairdii ott237630 D 177 0.73 0.33 1.09 10 0.57 – 0.78 0.133 – 0.175 *
Pomacentridae Microspathodon chrysurus ott847660 D 178 0.72 0.42 1.02 38 0.42 – 0.79 0.109 – 0.140 *
Pomacentridae Microspathodon dorsalis ott205758 D 179 0.77 0.5 1.04 24 0.51 – 0.87 0.115 – 0.196 *
Pomacentridae Stegastes acapulcoensis ott3635554 D 181 0.96 0.69 1.21 22 0.33 – 0.56 0.092 – 0.103 *
Pomacentridae Stegastes adustus ott323181 D 182 0.97 0.76 1.18 40 0.26 – 0.62 0.077 – 0.115 *
Pomacentridae Stegastes diencaeus ott729161 D 183 0.72 0.33 1.08 18 0.62 – 0.82 0.133 – 0.156 *
Pomacentridae Stegastes flavilatus ott3635541 D 184 0.9 0.69 1.09 27 0.21 – 0.58 0.069 – 0.118 *
Pomacentridae Stegastes leucostictus ott100830 D 186 0.89 0.48 1.27 41 1.03 – 1.45 0.213 – 0.261 *
Pomacentridae Stegastes partitus ott345269 D 187 0.94 0.77 1.13 40 0.19 – 0.54 0.061 – 0.088 *
Pomacentridae Stegastes planifrons ott665837 D 188 0.84 0.48 1.2 19 0.45 – 0.91 0.127 – 0.151 *
Pomacentridae Stegastes variabilis ott323173 D 189 0.96 0.59 1.33 24 0.45 – 0.84 0.133 – 0.172 *
Scaridae Chlorurus sordidus ott436737 P 191 0.67 0.26 1.05 6 0.18 – 0.29 0.099 – 0.121 *
Scaridae Cryptotomus roseus ott321483 P 192 0.97 0.61 1.33 10 0.10 – 0.16 0.092 – 0.110 *
Scaridae Scarus flavipectoralis ott1041716 P 194 0.71 0.31 1.11 2 0.22 – 0.23 0.122 – 0.124 *
Scaridae Scarus frenatus ott436725 P 196 0.68 0.27 1.07 2 0.25 – 0.27 0.121 – 0.123 *
Scaridae Scarus globiceps ott514869 P 197 0.79 0.35 1.23 1 0.24 0.137 *
Scaridae Scarus iseri ott686634 P 198 0.87 0.43 1.3 5 0.20 – 0.24 0.132 – 0.144 *
Scaridae Scarus niger ott14311 P 199 0.56 0.16 0.95 3 0.24 – 0.32 0.118 – 0.123 *
Scaridae Scarus psittacus ott514872 P 200 1.06 0.71 1.41 5 0.11 – 0.16 0.097 – 0.110 *
Scaridae Scarus schlegeli ott514881 P 201 0.64 0.22 1.05 4 0.23 – 0.27 0.125 – 0.137 *
Scaridae Scarus spinus ott419732 P 202 0.77 0.4 1.15 2 0.19 – 0.22 0.107 – 0.111 *
Scaridae Sparisoma atomarium ott686627 P 203 1.04 0.65 1.43 2 0.10 – 0.13 0.103 – 0.109 *
Scaridae Sparisoma aurofrenatum ott686624 P 204 0.57 0.15 0.96 5 0.19 – 0.29 0.117 – 0.130 *
Scaridae Sparisoma radians ott214109 P 205 0.78 0.47 1.08 6 0.10 – 0.18 0.090 – 0.109 *
Scaridae Sparisoma rubripinne ott686642 P 206 0.58 0.17 0.99 5 0.22 – 0.28 0.128 – 0.135 *
Sciaenidae Cynoscion regalis ott5860595 P 208 0.18 -0.22 0.54 10 0.62 – 2.38 0.349 – 0.534 *
Sciaenidae Leiostomus xanthurus ott1052160 P 214 0.62 0.12 1.07 1 0.61 0.276 *
Sciaenidae Micropogonias undulatus ott987393 P 217 0.69 0.18 1.16 1 0.68 0.220 *
Serranidae Epinephelus fasciatus ott534146 P 234 0.85 0.44 1.28 14 0.14 – 0.31 0.171 – 0.215 *
Serranidae Serranus tabacarius ott284266 P 238 0.79 0.39 1.18 4 0.39 – 0.47 0.331 – 0.343 *
Serranidae Serranus tigrinus ott807897 P 239 0.54 0.07 0.96 15 0.19 – 0.31 0.148 – 0.209 *
Serranidae Serranus tortugarum ott511782 P 240 0.75 0.32 1.19 15 0.22 – 0.44 0.200 – 0.248 *
Soleidae Solea solea ott710233 P 268 0.77 0.42 1.12 13 2.02 – 3.41 1.202 – 1.583 (234)
Tetraodontidae Canthigaster rostrata ott484093 D 341 0.73 0.26 1.19 1 0.69 0.122 *
Trichodontidae Arctoscopus japonicus ott883978 D 247 0.79 0.58 1 5 92.66 – 110.46 18.077 – 22.358 *

* This is original data collected by the second author (D. Ross Robertson). All remaining species data come from studies that measured egg dry weight rather than energy. Based on (27) and our own data (see Fig. S1), we assumed that egg energy

scaled isometrically with egg dry weight, with an average of ~25 J / mg of egg.



Table S6. Summary of data used for Total-volume–Mass model. OTL = Open Tree of Life Identifier; SM = Spawning Mode (D = demersal, P = pelagic, S =

scatterer, BM/BP/BI = mouth/pouch/internal brooder – all brooders have no parental provisioning post fertilization); F3 = Number ID in Fig. 3; β1 / 2.5% / 97.5%

= Estimates (mean and 95% Bayesian credible intervals) of species-specific total egg-volume mass-scaling exponents (see Materials and Methods); n = number of

independent observations for each species.

Family Species OTL SM F3 β1 2.5% C.I. 97.5% C.I. n Total egg-volume range (mm3) Mass range (g) Refs
Atherinidae Atherina presbyter ott669918 D 2 1.08 0.87 1.28 33 784.1 – 9,566 1.47 – 13.70 (81)
Balistidae Balistes capriscus ott135140 S 335 1.13 0.75 1.51 64 13,123 – 77,449 272.64 – 696.02 (85)
Bothidae Arnoglossus laterna ott696263 P 258 1.13 0.71 1.59 2 398 – 3,343 2.68 – 9.09 (87)
Carangidae Decapterus punctatus ott705034 P 74 1.48 0.99 2.01 2 151.5 – 1,246 16.71 – 53.59 (88)
Carangidae Trachurus picturatus ott174574 P 77 1.12 0.55 1.69 8 4,595 – 9,493 38.10 – 73.11 (90)
Clupeidae Amblygaster sirm ott328216 P 11 1.74 1.22 2.34 33 967.7 – 6,699 34.39 – 57.50 (92)
Clupeidae Ethmalosa fimbriata ott658559 P 16 0.91 0.51 1.3 32 613.5 – 2,013 182.55 – 582.47 (94)
Clupeidae Spratelloides gracilis ott39732 D 21 0.98 0.69 1.28 18 106.7 – 1,062 0.20 – 0.86 (99)
Cottidae Enophrys bison ott290389 D 274 1.14 0.4 1.91 2 48,362 – 133,622 197.53 – 241.50 (101)
Engraulidae Cetengraulis mysticetus ott1064953 P 24 1.38 1.11 1.66 86 642.1 – 6,957 25.10 – 71.50 (103)
Engraulidae Engraulis mordax ott29754 P 26 0.98 0.52 1.46 21 8,869 – 36,367 10.47 – 23.98 (105)
Gadidae Gadus morhua ott5860467 P 35 1.51 1.36 1.66 67 923,939 – 36,102,635 1382.51 – 24086.31 (110)
Gasterosteidae Gasterosteus aculeatus ott111122 D 45 0.91 0.51 1.31 2 330.8 – 905.9 0.80 – 1.50 (116)
Hemitripteridae Hemitripterus americanus ott160287 D 282 2.43 1.83 3.08 6 2,313 – 800,914 303.44 – 1004.16 (121)
Hexagrammidae Oxylebius pictus ott131554 D 284 0.73 0.46 1.01 43 14,712 – 42,473 32.22 – 148.53 (122)
Lutjanidae Lutjanus carponotatus ott333348 P 152 1.81 1.59 2.03 55 154 – 31,682 77.08 – 485.66 (125)
Malacanthidae Caulolatilus microps ott39883 P 156 1.5 1.22 1.79 43 21,548 – 1,063,744 762.87 – 4527.12 (129)
Merlucciidae Merluccius merluccius ott5860466 P 44 1.17 0.99 1.34 209 10,066 – 557,218 626.18 – 3465.51 (132)
Monacanthidae Eubalichthys bucephalus ott3631310 S 337 1.47 0.71 2.28 2 1,833 – 8,046 355.86 – 524.85 (134)
Monacanthidae Oxymonacanthus longirostris ott333706 S 338 1.35 0.89 1.81 3 17.96 – 35.92 3.30 – 3.79 (135)
Monacanthidae Rudarius ercodes ott511593 S 340 0.91 0.52 1.29 3 199.6 – 637.6 1.25 – 5.78 (136)
Mugilidae Chelon labrosus ott777079 P 46 1.01 0.33 1.66 13 31,770 – 180,570 1240.00 – 2300.00 (138)
Mugilidae Chelon ramada ott668241 P 47 1.23 0.49 1.98 2 29,050 – 62,150 850.00 – 1450.00 (138)
Mugilidae Mugil cephalus ott418648 P 48 0.95 0.74 1.16 73 37,102 – 395,750 274.75 – 3760.17 (139); (141)
Mugilidae Planiliza subviridis ott823526 P 53 1.02 0.56 1.5 12 6,011 – 22,974 11.69 – 28.41 (143)
Paralichthyidae Paralichthys dentatus ott1019735 P 259 1.06 0.9 1.22 134 240,886 – 2,200,444 2627.81 – 20166.83 (146)
Pleuronectidae Pseudopleuronectes americanus ott261419 D 265 0.99 0.58 1.4 17 64,023 – 416,296 332.81 – 1322.71 (152)
Pomacentridae Pomacentrus coelestis ott622060 D 180 0.97 0.68 1.26 81 268.2 – 934.8 1.27 – 3.26 (157)
Sciaenidae Cynoscion regalis ott5860595 P 208 1.51 1.24 1.79 29 10,181 – 244,728 554.68 – 3969.46 (161)
Sciaenidae Larimus fasciatus ott897432 P 213 1.04 0.86 1.22 81 1,021 – 18,297 8.75 – 59.86 (164)
Scombridae Scomberomorus cavalla ott70546 P 226 1.37 1.23 1.5 64 31,588 – 5,566,904 886.37 – 28991.83 (171)
Scombridae Thunnus thynnus ott358607 P 231 1.18 0.58 1.78 27 1,001,262 – 4,240,637 1336.98 – 2861.01 (176)
Sebastidae Sebastes mentella ott1088432 BI 309 1.44 1.14 1.75 54 7,152 – 79,378 381.88 – 1284.55 (190)
Sebastidae Sebastes norvegicus ott1088441 BI 312 1.02 0.63 1.41 26 24,234 – 146,044 477.49 – 2037.78 (190)
Serranidae Cephalopholis cruentata ott12880 P 232 1.22 0.65 1.79 12 6,720 – 47,971 142.95 – 414.81 (196)
Serranidae Epinephelus tauvina ott218649 P 236 0.81 0.33 1.28 4 40,565 – 138,602 1062.45 – 6012.89 (198)
Siganidae Siganus canaliculatus ott199059 S 241 1.27 1.05 1.48 27 649.8 – 28,482 59.67 – 870.20 (200)
Soleidae Solea solea ott710233 P 268 1.81 1.28 2.41 23 25,862 – 5,699,096 17000.00 – 51000.00 (234)





Table S6 Continued.

Family Species OTL SM F3 β1 2.5% C.I. 97.5% C.I. n Total egg-volume range (mm3) Mass range (g) Refs
Sparidae Acanthopagrus latus ott760733 P 242 1.11 0.35 1.87 5 135,589 – 214,311 426.21 – 660.47 (202)
Sparidae Archosargus rhomboidalis ott724892 P 243 0.95 0.71 1.19 23 250.7 – 2,210 15.05 – 156.17 (203)
Sparidae Sparidentex hasta ott845300 P 244 1.28 0.68 1.92 6 30,686 – 168,559 2604.06 – 6288.57 (202)
Stromateidae Pampus chinensis ott916290 P 245 1.17 0.41 1.93 8 48,733 – 56,431 647.18 – 876.77 (204)
Tetraodontidae Canthigaster valentini ott701127 S 342 0.98 0.76 1.2 66 75.25 – 346.3 2.32 – 9.09 (207)
Trichiuridae Aphanopus carbo ott113465 P 246 1.27 0.68 1.87 14 184,493 – 774,750 1950.46 – 4169.05 (209)
Zoarcidae Melanostigma atlanticum ott3633033 D 256 0.96 0.48 1.42 3 436.8 – 1,152 3.94 – 7.54 (210)

The above results were obtained with the subset of studies that contained paired measurements of fecundity (Table S3) and egg-volume (Table S4). This analysis was conducted by using the subset of studies that contained more than 1 observa-

tion.



Table S7. Species-specific reproductive-energy output mass-scaling exponents. This table contains all species present across the three main analyses in this

study (Fecundity–Mass, Egg-volume–Mass, and Egg-energy–Volume models). OTL = Open Tree of Life Identifier; SM = Spawning Mode (D = demersal, P =

pelagic, S = scatterer, BM/BP/BI = mouth/pouch/internal brooder – all brooders have no parental provisioning post fertilization); F3 = Number ID in Fig. 3; β1 /

2.5% / 97.5% = Estimates (mean and 95% Bayesian credible intervals) of reproductive-energy output mass-scaling exponents as obtained by combining posterior

distributions of Fecundity–Mass, Egg-volume–Mass, and Egg-energy–Volume models (see Materials and Methods); D1–3 = Is this species respectively present in

Datasets 1 (Fecundity), 2 (Egg-volume), and/or 3 (Egg-energy)?

Family Species OTL SM F3 β1 2.5% C.I. 97.5% C.I. D1 D2 D3
Acanthuridae Acanthurus coeruleus ott324283 P 55 1.29 1.19 1.41 No No Yes
Acanthuridae Acanthurus nigrofuscus ott605289 P 56 1.27 1.18 1.37 No No Yes
Acanthuridae Acanthurus triostegus ott467300 P 57 1.28 1.19 1.38 No No Yes
Acanthuridae Zebrasoma scopas ott199073 P 58 1.29 1.19 1.4 No No Yes
Agonidae Leptagonus decagonus ott3632024 D 269 1.3 0.71 1.87 Yes Yes No
Agonidae Podothecus sachi ott590745 D 270 1.27 1.18 1.36 No No Yes
Apogonidae Cheilodipterus macrodon ott965176 BM 59 1.44 0.78 2.11 Yes Yes No
Apogonidae Cheilodipterus quinquelineatus ott364614 BM 60 1.27 1.18 1.37 No No Yes
Apogonidae Holapogon maximus ott3635086 BM 61 1.36 0.72 1.95 Yes Yes No
Apogonidae Jaydia hungi ott3634955 BM 62 1.29 0.71 1.88 Yes Yes No
Apogonidae Ostorhinchus cookii ott102070 BM 63 1.32 0.75 1.87 Yes Yes No
Apogonidae Ostorhinchus cyanosoma* ott638185 BM 64 1.22 0.74 1.72 Yes Yes Yes
Apogonidae Ostorhinchus doederleini ott687634 BM 65 1.29 1.19 1.41 No No Yes
Apogonidae Paroncheilus affinis ott974576 BM 66 1.43 1.16 1.72 No Yes No
Apogonidae Siphamia tubifer ott5860863 BM 67 0.79 0.41 1.18 Yes Yes No
Apogonidae Taeniamia lineolata ott775407 BM 68 1.04 0.57 1.53 Yes Yes No
Atherinidae Atherina presbyter ott669918 D 2 1.19 0.84 1.53 Yes Yes No
Atherinopsidae Leuresthes tenuis ott274466 D 3 1.5 1.03 1.97 Yes No No
Atherinopsidae Membras gilberti ott680137 D 4 1.28 1.19 1.4 No No Yes
Atherinopsidae Menidia menidia ott189767 D 5 1.24 1.05 1.42 No Yes No
Atherinopsidae Odontesthes argentinensis ott93287 D 6 1.28 0.96 1.6 Yes No No
Balistidae Balistes capriscus ott135140 S 335 1.75 1.32 2.17 Yes Yes No
Bathydraconidae Akarotaxis nudiceps ott682053 D 69 1.16 0.88 1.44 No Yes No
Blenniidae Aidablennius sphynx ott898527 D 70 1.11 0.65 1.57 Yes Yes No
Blenniidae Ophioblennius atlanticus ott282319 D 71 1.31 1.2 1.42 No No Yes
Blenniidae Ophioblennius steindachneri ott155044 D 72 1.3 1.2 1.41 No No Yes
Bothidae Arnoglossus laterna ott696263 P 258 1.18 0.73 1.64 Yes Yes No
Callionymidae Synchiropus sechellensis ott3632718 P 73 1.36 1.05 1.67 No Yes No
Carangidae Decapterus punctatus ott705034 P 74 1.59 1.06 2.13 Yes Yes No
Carangidae Elagatis bipinnulata ott705026 P 75 1.1 0.83 1.37 Yes No No
Carangidae Trachurus mediterraneus ott174577 P 76 1.29 0.93 1.66 No Yes No
Carangidae Trachurus picturatus ott174574 P 77 1.21 0.65 1.77 Yes Yes No
Carangidae Trachurus trachurus ott472429 P 78 1.3 1.01 1.61 No Yes No
Centropomidae Centropomus undecimalis ott317368 P 79 1.6 1.19 2.01 Yes No No
Chaenopsidae Acanthemblemaria hancocki ott57340 D 80 1.27 1.18 1.37 No No Yes
Chaenopsidae Acanthemblemaria rivasi ott57343 D 81 1.29 1.2 1.38 No No Yes



Table S7 Continued.

Family Species OTL SM F3 β1 2.5% C.I. 97.5% C.I. D1 D2 D3
Clupeidae Amblygaster sirm ott328216 P 11 1.82 1.25 2.39 Yes Yes No
Clupeidae Brevoortia patronus ott107260 P 12 1.24 0.9 1.59 No Yes No
Clupeidae Brevoortia tyrannus ott107265 P 13 1.24 1.16 1.32 No No Yes
Clupeidae Clupea harengus ott1005932 D 14 1.65 1.52 1.78 Yes No No
Clupeidae Clupea pallasii ott9666 D 15 1.32 1.21 1.44 No No Yes
Clupeidae Ethmalosa fimbriata ott658559 P 16 1.09 0.55 1.64 Yes Yes No
Clupeidae Nematalosa vlaminghi ott328199 P 17 1.2 0.54 1.84 Yes Yes No
Clupeidae Opisthonema libertate ott437031 P 18 1.21 0.81 1.6 Yes No No
Clupeidae Opisthonema medirastre ott1195 P 19 1.35 0.92 1.78 Yes No No
Clupeidae Sardinops sagax ott121238 P 20 1.08 0.93 1.23 Yes No No
Clupeidae Spratelloides gracilis ott39732 D 21 1.08 0.76 1.42 Yes Yes No
Clupeidae Strangomera bentincki ott648871 P 22 1.19 0.75 1.6 Yes No No
Congiopodidae Zanclorhynchus spinifer ott255677 P 271 1.37 1.03 1.74 No Yes No
Coryphaenidae Coryphaena hippurus ott223663 P 85 1.28 1.19 1.39 No No Yes
Cottidae Alcichthys elongatus ott3632242 D 272 1.28 1.19 1.39 No No Yes
Cottidae Artediellus atlanticus ott654509 D 273 1.22 0.64 1.79 Yes Yes No
Cottidae Enophrys bison ott290389 D 274 1.32 0.64 2 Yes Yes No
Cottidae Gymnocanthus tricuspis ott654474 D 275 1.33 0.97 1.68 No Yes No
Cottidae Icelus bicornis ott3632116 D 276 1.19 0.63 1.75 Yes Yes No
Cottidae Triglops pingelii ott568671 D 277 1.11 0.54 1.67 Yes Yes No
Cyclopteridae Aptocyclus ventricosus ott989887 D 278 1.33 1.22 1.45 No No Yes
Cyclopteridae Cyclopteropsis mcalpini ott3631993 D 279 0.99 0.51 1.47 Yes Yes No
Cyclopteridae Eumicrotremus spinosus ott1097394 D 280 1.25 0.92 1.58 No Yes No
Engraulidae Anchoviella lepidentostole ott610213 P 23 1.08 0.7 1.46 Yes No No
Engraulidae Cetengraulis mysticetus ott1064953 P 24 1.39 1.11 1.66 Yes Yes No
Engraulidae Engraulis anchoita ott648864 P 25 1.36 1.13 1.58 Yes Yes No
Engraulidae Engraulis mordax* ott29754 P 26 1.15 0.64 1.64 Yes Yes Yes
Engraulidae Engraulis ringens ott211981 P 27 1.48 1.25 1.71 Yes No Yes
Exocoetidae Hirundichthys affinis ott837204 D 7 1.24 0.56 1.92 Yes Yes No
Fundulidae Fundulus heteroclitus ott4134765 D 29 1.3 1.15 1.46 No Yes No
Fundulidae Fundulus xenicus ott839523 D 30 1.26 1.02 1.5 No Yes No
Fundulidae Lucania goodei ott84261 D 31 1.29 1.2 1.4 No No Yes
Fundulidae Lucania parva ott839518 D 32 1.3 1.2 1.41 No No Yes
Gadidae Boreogadus saida ott877055 P 33 0.85 0.28 1.42 Yes Yes No
Gadidae Eleginus nawaga ott450082 D 34 1.1 0.47 1.73 Yes Yes No
Gadidae Gadus morhua* ott5860467 P 35 1.33 1.25 1.43 Yes Yes Yes
Gadidae Melanogrammus aeglefinus ott635904 P 36 1.25 1.17 1.34 No Yes Yes
Gadidae Merlangius merlangus ott635911 P 37 1.14 1.01 1.28 Yes No Yes
Gadidae Micromesistius australis ott1091056 P 38 1.64 1.19 2.07 Yes Yes No
Gadidae Pollachius pollachius ott1014047 P 39 1.3 1.21 1.4 No No Yes
Gadidae Pollachius virens ott62649 P 40 1.31 1.21 1.41 No No Yes
Gadidae Trisopterus esmarkii ott926146 P 41 1.3 1.2 1.4 No No Yes
Gasterosteidae Gasterosteus aculeatus* ott111122 D 45 1.01 0.82 1.23 Yes Yes Yes
Gobiidae Coryphopterus dicrus ott37549 D 86 1.27 1.18 1.37 No No Yes



Table S7 Continued.

Family Species OTL SM F3 β1 2.5% C.I. 97.5% C.I. D1 D2 D3
Gobiidae Coryphopterus glaucofraenum ott494031 D 87 1.32 1.21 1.42 No No Yes
Gobiidae Coryphopterus personatus ott740192 D 88 1.29 1.2 1.39 No No Yes
Gobiidae Elacatinus oceanops ott638369 D 89 0.72 0.3 1.12 Yes Yes No
Gobiidae Gobiosoma robustum ott1064480 D 90 1.49 0.78 2.17 Yes Yes No
Gobiidae Oligolepis acutipennis ott767535 D 91 1.37 1.02 1.74 No Yes No
Gobiidae Paragobiodon echinocephalus ott940827 D 92 0.95 0.53 1.37 Yes Yes No
Gobiidae Paragobiodon lacunicolus ott758973 D 93 0.96 0.54 1.37 Yes Yes No
Gobiidae Paragobiodon xanthosoma ott770378 D 94 1.04 0.62 1.45 Yes Yes No
Gobiidae Pomatoschistus minutus ott1048873 D 95 0.92 0.57 1.28 Yes No No
Haemulidae Haemulon flavolineatum ott432196 P 96 1.29 1.19 1.4 No No Yes
Haemulidae Haemulopsis corvinaeformis ott177515 P 97 0.69 0.3 1.08 Yes Yes No
Hemiramphidae Hemiramphus brasiliensis ott953384 D 8 1.1 0.55 1.67 Yes Yes No
Hemitripteridae Blepsias cirrhosus ott446859 D 281 1.34 1.23 1.45 No No Yes
Hemitripteridae Hemitripterus americanus ott160287 D 282 2.25 1.69 2.82 Yes Yes No
Hemitripteridae Hemitripterus villosus ott438425 D 283 1.36 1.24 1.49 No No Yes
Hexagrammidae Oxylebius pictus* ott131554 D 284 1.12 0.57 1.7 Yes Yes Yes
Labridae Anampses caeruleopunctatus ott372276 D 98 1.3 0.93 1.66 No Yes No
Labridae Anampses twistii ott762167 P 99 1.28 0.94 1.62 No Yes No
Labridae Bodianus axillaris ott548889 P 100 1.29 1.19 1.41 No No Yes
Labridae Bodianus diplotaenia ott919235 P 101 1.28 1.18 1.39 No No Yes
Labridae Bodianus rufus ott372258 P 102 1.3 1.19 1.42 No No Yes
Labridae Cheilinus fasciatus ott155291 P 103 1.29 0.92 1.67 No Yes No
Labridae Cheilinus oxycephalus ott195575 P 104 1.29 0.95 1.64 No Yes No
Labridae Cheilinus trilobatus ott924675 P 105 1.28 0.92 1.63 No Yes No
Labridae Clepticus parrae ott948303 P 106 1.29 1.19 1.4 No No Yes
Labridae Coris gaimard ott1092680 P 107 1.29 0.92 1.66 No Yes No
Labridae Coris variegata ott3636534 P 108 1.3 0.96 1.63 No Yes No
Labridae Doratonotus megalepis ott763958 P 109 1.3 1.2 1.42 No No Yes
Labridae Epibulus insidiator ott120301 P 110 1.29 0.92 1.66 No Yes No
Labridae Gomphosus varius ott358606 P 111 1.32 0.94 1.7 No Yes No
Labridae Halichoeres biocellatus ott1015700 P 112 1.27 1.01 1.54 No Yes No
Labridae Halichoeres bivittatus ott694396 P 113 1.3 1.2 1.4 No No Yes
Labridae Halichoeres chierchiae ott615862 P 114 1.27 1.18 1.38 No No Yes
Labridae Halichoeres chloropterus ott1015715 P 115 1.29 1.19 1.41 No No Yes
Labridae Halichoeres dispilus ott762170 P 116 1.27 1.18 1.38 No No Yes
Labridae Halichoeres garnoti ott665840 P 117 1.28 1.18 1.39 No No Yes
Labridae Halichoeres hortulanus ott694390 P 118 1.34 0.88 1.82 No Yes Yes
Labridae Halichoeres maculipinna ott955368 P 119 1.29 1.19 1.41 No No Yes
Labridae Halichoeres margaritaceus ott694405 P 120 1.29 1.2 1.38 No No Yes
Labridae Halichoeres marginatus ott694408 P 121 1.26 1.17 1.36 No No Yes
Labridae Halichoeres melanurus ott627330 P 122 1.3 0.95 1.69 No Yes Yes
Labridae Halichoeres miniatus ott694399 P 123 1.3 1.2 1.41 No No Yes
Labridae Halichoeres nebulosus ott1015709 P 124 1.29 1.19 1.41 No No Yes



Table S7 Continued.

Family Species OTL SM F3 β1 2.5% C.I. 97.5% C.I. D1 D2 D3
Labridae Halichoeres nicholsi ott694402 P 125 1.28 1.18 1.39 No No Yes
Labridae Halichoeres notospilus ott694414 P 126 1.32 1.21 1.43 No No Yes
Labridae Halichoeres pictus ott173446 P 127 1.32 1.21 1.45 No No Yes
Labridae Halichoeres poeyi ott38828 P 128 1.28 1.18 1.39 No No Yes
Labridae Halichoeres trimaculatus ott942026 P 129 1.3 1.19 1.42 No No Yes
Labridae Hemigymnus fasciatus ott924674 P 130 1.29 0.93 1.67 No Yes Yes
Labridae Hemigymnus melapterus ott302368 P 131 1.28 1.18 1.39 No No Yes
Labridae Labrichthys unilineatus ott302371 P 132 1.27 0.96 1.58 No Yes No
Labridae Labroides dimidiatus ott302377 P 133 1.27 0.99 1.54 No Yes No
Labridae Labropsis micronesica ott3636703 P 134 1.19 0.92 1.45 No Yes No
Labridae Labropsis xanthonota ott3636702 P 135 1.25 0.99 1.51 No Yes No
Labridae Macropharyngodon meleagris ott552117 P 136 1.26 0.99 1.54 No Yes No
Labridae Novaculichthys taeniourus ott456983 P 137 1.29 0.94 1.68 No Yes Yes
Labridae Oxycheilinus unifasciatus ott352271 P 138 1.29 0.93 1.66 No Yes No
Labridae Pseudocheilinus hexataenia ott712600 P 139 1.29 0.99 1.6 No Yes No
Labridae Stethojulis bandanensis ott201174 P 140 1.29 1.2 1.4 No No Yes
Labridae Symphodus mediterraneus ott730049 D 141 1.29 1.19 1.41 No No Yes
Labridae Symphodus roissali ott876619 D 142 1.21 1.1 1.33 No Yes Yes
Labridae Symphodus rostratus ott553190 D 143 1.29 1.19 1.4 No No Yes
Labridae Symphodus tinca ott787184 D 144 1.31 1.2 1.42 No No Yes
Labridae Thalassoma bifasciatum ott907850 P 145 0.88 0.71 1.05 Yes No Yes
Labridae Thalassoma hardwicke ott102998 P 146 1.28 1.19 1.37 No No Yes
Labridae Thalassoma jansenii ott1094748 P 147 1.29 1.2 1.39 No No Yes
Labridae Thalassoma lucasanum ott1094750 P 148 1.29 1.2 1.39 No No Yes
Labridae Thalassoma lunare ott948286 P 149 1.28 1.19 1.38 No No Yes
Latidae Lates calcarifer ott6362446 P 150 1.15 0.93 1.38 Yes No No
Liparidae Careproctus reinhardti ott1065176 D 285 1.32 0.62 2.03 Yes Yes No
Liparidae Liparis fabricii ott496423 D 286 1.36 1.02 1.71 No Yes No
Liparidae Paraliparis bathybius ott309222 BM 287 1.31 0.64 1.98 Yes Yes No
Lutjanidae Lutjanus campechanus ott642863 P 151 1.1 0.72 1.47 Yes No No
Lutjanidae Lutjanus carponotatus ott333348 P 152 1.84 1.53 2.14 Yes Yes No
Lutjanidae Lutjanus synagris ott943184 P 153 0.77 0.56 0.99 Yes No No
Lutjanidae Ocyurus chrysurus ott943183 P 154 1.36 0.98 1.73 Yes No No
Lutjanidae Rhomboplites aurorubens ott642869 P 155 1.49 1.34 1.65 Yes No No
Malacanthidae Caulolatilus microps ott39883 P 156 1.63 1.19 2.07 Yes Yes No
Merlucciidae Merluccius gayi ott323082 P 42 1.3 1 1.59 Yes No No
Merlucciidae Merluccius hubbsi ott757316 P 43 1.17 1.08 1.27 Yes No No
Merlucciidae Merluccius merluccius ott5860466 P 44 1.12 0.94 1.3 Yes Yes No
Monacanthidae Brachaluteres jacksonianus ott333693 S 336 1.19 0.76 1.6 Yes Yes No
Monacanthidae Eubalichthys bucephalus ott3631310 S 337 1.42 0.73 2.14 Yes Yes No
Monacanthidae Oxymonacanthus longirostris ott333706 S 338 1.32 0.85 1.8 Yes Yes No
Monacanthidae Paramonacanthus japonicus ott3631319 S 339 1.28 1.02 1.54 No Yes No
Monacanthidae Rudarius ercodes ott511593 S 340 0.92 0.51 1.34 Yes Yes No
Moronidae Dicentrarchus labrax ott3549 P 157 1.34 0.96 1.72 Yes No Yes



Table S7 Continued.

Family Species OTL SM F3 β1 2.5% C.I. 97.5% C.I. D1 D2 D3
Mugilidae Chelon labrosus ott777079 P 46 1.06 0.46 1.65 Yes Yes No
Mugilidae Chelon ramada ott668241 P 47 1.24 0.59 1.9 Yes Yes No
Mugilidae Mugil cephalus ott418648 P 48 0.93 0.61 1.23 Yes Yes No
Mugilidae Mugil curema ott418643 P 49 1.26 0.71 1.8 Yes No No
Mugilidae Mugil hospes ott779937 P 50 1.25 0.69 1.81 Yes No No
Mugilidae Mugil liza ott779933 P 51 1.3 0.72 1.88 Yes No No
Mugilidae Mugil trichodon ott246901 P 52 1.29 0.73 1.86 Yes No No
Mugilidae Planiliza subviridis ott823526 P 53 1.1 0.61 1.59 Yes Yes No
Mullidae Parupeneus multifasciatus ott295485 P 158 1.29 1.19 1.41 No No Yes
Muraenesocidae Muraenesox cinereus ott479856 P 1 1.27 1.18 1.35 No No Yes
Nemipteridae Scolopsis bilineata ott463069 P 159 1.29 1.19 1.41 No No Yes
Nototheniidae Lepidonotothen nudifrons ott260052 D 160 1.38 0.69 2.04 Yes Yes No
Nototheniidae Patagonotothen longipes ott430554 D 161 1.44 1.15 1.74 No Yes No
Nototheniidae Patagonotothen sima ott874773 D 162 1.53 1.3 1.78 No Yes No
Osmeridae Mallotus villosus ott225330 D 54 1.33 0.81 1.85 Yes No No
Paralichthyidae Paralichthys dentatus ott1019735 P 259 1.18 0.83 1.52 Yes Yes No
Paralichthyidae Paralichthys patagonicus ott654479 P 260 1.49 1.02 1.97 Yes No No
Pinguipedidae Parapercis snyderi ott3635246 P 163 1.28 1.18 1.38 No No Yes
Plesiopidae Acanthoclinus fuscus ott3633802 D 164 1.57 1.04 2.12 Yes No No
Pleuronectidae Ammotretis rostratus ott600529 P 261 1.27 0.93 1.62 No Yes No
Pleuronectidae Hippoglossoides platessoides ott223665 P 262 1.07 0.93 1.21 Yes No No
Pleuronectidae Hippoglossus hippoglossus ott408328 P 263 1.3 1.21 1.39 No No Yes
Pleuronectidae Pleuronectes platessa ott408337 P 264 1.21 1.12 1.3 Yes No Yes
Pleuronectidae Pseudopleuronectes americanus* ott261419 D 265 1.03 0.65 1.41 Yes Yes Yes
Pleuronectidae Reinhardtius hippoglossoides ott835141 P 266 1.41 1.16 1.65 Yes No No
Pleuronectidae Rhombosolea tapirina ott867269 P 267 1.27 0.95 1.59 No Yes No
Pomacanthidae Pomacanthus zonipectus ott826472 P 165 1.36 0.78 1.93 Yes No No
Pomacentridae Abudefduf bengalensis ott318931 D 166 1.31 1.21 1.43 No No Yes
Pomacentridae Abudefduf saxatilis* ott405751 D 167 0.96 0.39 1.52 Yes Yes Yes
Pomacentridae Abudefduf septemfasciatus ott129790 D 168 1.29 1.19 1.4 No No Yes
Pomacentridae Abudefduf sordidus ott1053071 D 169 1.29 1.2 1.41 No No Yes
Pomacentridae Abudefduf troschelii ott961357 D 170 1.31 1.21 1.42 No No Yes
Pomacentridae Abudefduf vaigiensis ott1053067 D 171 1.29 1.19 1.4 No No Yes
Pomacentridae Acanthochromis polyacanthus ott100410 D 172 1.52 0.95 2.09 Yes No No
Pomacentridae Chromis atrilobata ott436999 D 173 1.34 1.23 1.45 No No Yes
Pomacentridae Chromis atripectoralis ott741423 D 174 1.28 1.19 1.37 No No Yes
Pomacentridae Chromis multilineata ott437016 D 175 1.3 1.21 1.4 No No Yes
Pomacentridae Hypsypops rubicundus ott847666 D 176 1.3 1.21 1.4 No No Yes
Pomacentridae Microspathodon bairdii ott237630 D 177 1.29 1.19 1.39 No No Yes
Pomacentridae Microspathodon chrysurus ott847660 D 178 1.29 1.19 1.39 No No Yes
Pomacentridae Microspathodon dorsalis ott205758 D 179 1.29 1.2 1.39 No No Yes
Pomacentridae Pomacentrus coelestis ott622060 D 180 1.08 0.73 1.43 Yes Yes No
Pomacentridae Stegastes acapulcoensis ott3635554 D 181 1.32 1.22 1.43 No No Yes
Pomacentridae Stegastes adustus ott323181 D 182 1.32 1.22 1.43 No No Yes



Table S7 Continued.

Family Species OTL SM F3 β1 2.5% C.I. 97.5% C.I. D1 D2 D3
Pomacentridae Stegastes diencaeus ott729161 D 183 1.28 1.19 1.39 No No Yes
Pomacentridae Stegastes flavilatus ott3635541 D 184 1.31 1.21 1.41 No No Yes
Pomacentridae Stegastes fuscus ott3635543 D 185 1.07 0.73 1.41 Yes No No
Pomacentridae Stegastes leucostictus ott100830 D 186 1.31 1.2 1.43 No No Yes
Pomacentridae Stegastes partitus ott345269 D 187 1.32 1.22 1.42 No No Yes
Pomacentridae Stegastes planifrons ott665837 D 188 1.3 1.2 1.41 No No Yes
Pomacentridae Stegastes variabilis ott323173 D 189 1.32 1.21 1.44 No No Yes
Pristigasteridae Ilisha africana ott741177 P 28 1.4 0.79 2.01 Yes Yes No
Scaridae Cetoscarus bicolor ott1041720 P 190 1.29 0.95 1.63 No Yes No
Scaridae Chlorurus sordidus ott436737 P 191 1.28 0.95 1.65 No Yes Yes
Scaridae Cryptotomus roseus ott321483 P 192 1.32 1.21 1.44 No No Yes
Scaridae Hipposcarus longiceps ott465039 P 193 1.3 0.94 1.67 No Yes No
Scaridae Scarus flavipectoralis ott1041716 P 194 1.28 1.19 1.39 No No Yes
Scaridae Scarus forsteni ott548869 P 195 1.29 0.93 1.66 No Yes No
Scaridae Scarus frenatus ott436725 P 196 1.27 0.93 1.63 No Yes Yes
Scaridae Scarus globiceps ott514869 P 197 1.27 0.88 1.68 No Yes Yes
Scaridae Scarus iseri ott686634 P 198 1.31 1.2 1.43 No No Yes
Scaridae Scarus niger ott14311 P 199 1.26 1.17 1.36 No No Yes
Scaridae Scarus psittacus ott514872 P 200 1.33 1.22 1.46 No No Yes
Scaridae Scarus schlegeli ott514881 P 201 1.26 0.95 1.61 No Yes Yes
Scaridae Scarus spinus ott419732 P 202 1.29 1.19 1.4 No No Yes
Scaridae Sparisoma atomarium ott686627 P 203 1.33 1.22 1.46 No No Yes
Scaridae Sparisoma aurofrenatum ott686624 P 204 1.26 1.17 1.37 No No Yes
Scaridae Sparisoma radians ott214109 P 205 1.29 1.2 1.39 No No Yes
Scaridae Sparisoma rubripinne ott686642 P 206 1.26 1.17 1.37 No No Yes
Sciaenidae Bairdiella chrysoura ott761907 P 207 1.13 0.5 1.75 Yes Yes No
Sciaenidae Cynoscion regalis* ott5860595 P 208 1.51 1.23 1.79 Yes Yes Yes
Sciaenidae Cynoscion striatus ott267367 P 209 1.33 0.77 1.91 Yes No No
Sciaenidae Genyonemus lineatus ott1027240 P 210 2.02 1.76 2.28 Yes No No
Sciaenidae Isopisthus parvipinnis ott133138 P 211 1.42 0.98 1.87 Yes No No
Sciaenidae Larimus breviceps ott924070 P 212 1.82 1.3 2.36 Yes No No
Sciaenidae Larimus fasciatus ott897432 P 213 1.17 0.83 1.51 Yes Yes No
Sciaenidae Leiostomus xanthurus ott1052160 P 214 1.27 1.17 1.38 No No Yes
Sciaenidae Macrodon ancylodon ott99076 P 215 1.35 0.99 1.7 Yes No No
Sciaenidae Micropogonias furnieri ott742890 P 216 1.1 0.92 1.28 Yes No No
Sciaenidae Micropogonias undulatus ott987393 P 217 1.28 1.18 1.4 No No Yes
Sciaenidae Paralonchurus brasiliensis ott160812 P 218 1.01 0.53 1.47 Yes No No
Sciaenidae Seriphus politus ott827210 P 219 1.22 1.09 1.34 Yes No No
Sciaenidae Stellifer rastrifer ott362452 P 220 0.87 0.61 1.15 Yes No No
Scombridae Auxis rochei ott713972 P 221 1.28 0.58 1.98 Yes Yes No
Scombridae Euthynnus affinis ott308760 P 222 1.22 0.9 1.52 No Yes No
Scombridae Katsuwonus pelamis ott308754 P 223 1.36 1.09 1.63 No Yes No
Scombridae Sarda sarda ott833175 P 224 1.35 0.99 1.73 No Yes No
Scombridae Scomber scombrus ott70561 P 225 1.49 1.18 1.8 Yes No No



Table S7 Continued.

Family Species OTL SM F3 β1 2.5% C.I. 97.5% C.I. D1 D2 D3
Scombridae Scomberomorus cavalla ott70546 P 226 1.48 1.15 1.82 Yes Yes No
Scombridae Scomberomorus maculatus ott266387 P 227 1.23 0.94 1.52 Yes No No
Scombridae Thunnus alalunga ott833194 P 228 1.04 0.65 1.42 Yes No No
Scombridae Thunnus albacares ott833188 P 229 1.05 0.61 1.5 Yes Yes No
Scombridae Thunnus obesus ott358613 P 230 1.31 1.06 1.57 No Yes No
Scombridae Thunnus thynnus ott358607 P 231 1.17 0.54 1.77 Yes Yes No
Sebastidae Sebastes alutus ott480735 BI 288 1.87 1.7 2.05 Yes No No
Sebastidae Sebastes atrovirens ott480732 BI 289 1.22 0.69 1.73 Yes No No
Sebastidae Sebastes auriculatus ott480729 BI 290 1.17 0.84 1.51 Yes No No
Sebastidae Sebastes brevispinis ott1057081 BI 291 1.39 0.92 1.86 Yes No No
Sebastidae Sebastes carnatus ott1057074 BI 292 1.29 0.76 1.82 Yes No No
Sebastidae Sebastes caurinus ott1057078 BI 293 1.78 1.59 1.99 Yes No No
Sebastidae Sebastes chlorostictus ott1057068 BI 294 1.66 1.44 1.88 Yes No No
Sebastidae Sebastes constellatus ott1057062 BI 295 1.44 1.05 1.84 Yes No No
Sebastidae Sebastes crameri ott1057065 BI 296 1.57 1.2 1.94 Yes No No
Sebastidae Sebastes dallii ott1088425 BI 297 1.25 0.84 1.67 Yes No No
Sebastidae Sebastes diploproa ott1057059 BI 298 1.56 1.24 1.88 Yes No No
Sebastidae Sebastes elongatus ott531065 BI 299 1.4 1.16 1.65 Yes No No
Sebastidae Sebastes entomelas ott531068 BI 300 1.73 1.53 1.93 Yes No No
Sebastidae Sebastes flavidus ott531059 BI 301 1.61 1.35 1.86 Yes No No
Sebastidae Sebastes goodei ott531047 BI 302 1.42 1.23 1.62 Yes No No
Sebastidae Sebastes helvomaculatus ott531044 BI 303 1.4 0.91 1.92 Yes No No
Sebastidae Sebastes hopkinsi ott9589 BI 304 1.12 0.76 1.48 Yes No No
Sebastidae Sebastes jordani ott9592 BI 305 1.21 0.85 1.57 Yes No No
Sebastidae Sebastes levis ott9598 BI 306 1.17 0.89 1.44 Yes No No
Sebastidae Sebastes melanops ott9604 BI 307 1.41 1.15 1.66 Yes No No
Sebastidae Sebastes melanostomus ott9607 BI 308 1.52 1.21 1.84 Yes No No
Sebastidae Sebastes mentella ott1088432 BI 309 1.56 1.17 1.95 Yes Yes No
Sebastidae Sebastes miniatus ott9611 BI 310 1.69 1.47 1.9 Yes No No
Sebastidae Sebastes mystinus ott9616 BI 311 1.85 1.67 2.01 Yes No No
Sebastidae Sebastes norvegicus ott1088441 BI 312 1.16 0.75 1.56 Yes Yes No
Sebastidae Sebastes ovalis ott582324 BI 313 1.35 0.93 1.75 Yes No No
Sebastidae Sebastes paucispinis ott582321 BI 314 1.46 1.28 1.65 Yes No No
Sebastidae Sebastes pinniger ott582318 BI 315 1.36 0.9 1.82 Yes No No
Sebastidae Sebastes rastrelliger ott582315 BI 316 1.34 0.92 1.76 Yes No No
Sebastidae Sebastes rosaceus ott212767 BI 317 1.25 0.94 1.56 Yes No No
Sebastidae Sebastes rosenblatti ott582311 BI 318 1.4 1.08 1.73 Yes No No
Sebastidae Sebastes rufus ott884513 BI 319 1.41 1.03 1.78 Yes No No
Sebastidae Sebastes saxicola ott884510 BI 320 1.15 1.03 1.26 Yes No No
Sebastidae Sebastes semicinctus ott795707 BI 321 1.4 1.09 1.72 Yes No No
Sebastidae Sebastes serranoides ott884519 BI 322 1.66 1.43 1.89 Yes No No
Sebastidae Sebastes viviparus ott99016 BI 323 1.32 1.03 1.6 Yes No No
Sebastidae Sebastolobus altivelis ott811927 P 324 1.28 0.91 1.66 No Yes No



Table S7 Continued.

Family Species OTL SM F3 β1 2.5% C.I. 97.5% C.I. D1 D2 D3
Serranidae Cephalopholis cruentata ott12880 P 232 1.29 0.68 1.89 Yes Yes No
Serranidae Epinephelus aeneus ott306171 P 233 1.25 0.97 1.54 Yes No No
Serranidae Epinephelus fasciatus ott534146 P 234 0.9 0.45 1.34 Yes No Yes
Serranidae Epinephelus marginatus ott733897 P 235 1.32 0.76 1.89 Yes No No
Serranidae Epinephelus tauvina ott218649 P 236 0.94 0.41 1.45 Yes Yes No
Serranidae Mycteroperca tigris ott207413 P 237 1.54 1.05 2.05 Yes No No
Serranidae Serranus tabacarius ott284266 P 238 1.29 1.2 1.41 No No Yes
Serranidae Serranus tigrinus ott807897 P 239 1.26 1.16 1.36 No No Yes
Serranidae Serranus tortugarum ott511782 P 240 1.29 1.19 1.41 No No Yes
Siganidae Siganus canaliculatus ott199059 S 241 1.4 0.98 1.82 Yes Yes No
Soleidae Solea solea* ott710233 P 268 1.26 1.02 1.52 Yes Yes Yes
Sparidae Acanthopagrus latus ott760733 P 242 1.26 0.57 1.94 Yes Yes No
Sparidae Archosargus rhomboidalis ott724892 P 243 1.14 0.74 1.54 Yes Yes No
Sparidae Sparidentex hasta ott845300 P 244 1.33 0.74 1.91 Yes Yes No
Stromateidae Pampus chinensis ott916290 P 245 1.24 0.55 1.93 Yes Yes No
Syngnathidae Entelurus aequoreus ott971459 BP 325 1.4 1.19 1.61 No Yes No
Syngnathidae Hippocampus reidi ott630138 BP 326 1.35 0.88 1.83 Yes No No
Syngnathidae Micrognathus crinitus ott3642321 BP 327 1.21 0.86 1.57 Yes Yes No
Syngnathidae Nerophis ophidion ott806821 BP 328 1.31 1.13 1.5 No Yes No
Syngnathidae Syngnathus acus ott774440 BP 329 1.34 1.18 1.51 No Yes No
Syngnathidae Syngnathus floridae ott774435 BP 330 1.44 0.95 1.92 Yes Yes No
Syngnathidae Syngnathus louisianae ott774414 BP 331 1.48 0.95 2 Yes Yes No
Syngnathidae Syngnathus rostellatus ott774411 BP 332 1.42 1.26 1.58 No Yes No
Syngnathidae Syngnathus scovelli ott251400 BP 333 1.37 0.95 1.79 Yes Yes No
Syngnathidae Syngnathus typhle ott251396 BP 334 1.32 1.19 1.45 No Yes No
Tetraodontidae Canthigaster rostrata ott484093 D 341 1.29 1.19 1.4 No No Yes
Tetraodontidae Canthigaster valentini ott701127 S 342 0.98 0.65 1.31 Yes Yes No
Trachichthyidae Hoplostethus atlanticus ott816600 P 9 1.12 0.91 1.33 Yes No No
Trichiuridae Aphanopus carbo ott113465 P 246 1.32 0.74 1.91 Yes Yes No
Trichodontidae Arctoscopus japonicus ott883978 D 247 1.29 1.2 1.39 No No Yes
Zoarcidae Gymnelus viridis ott729337 D 248 1.34 0.8 1.88 Yes Yes No
Zoarcidae Lycodes esmarkii ott841648 D 249 1.04 0.41 1.68 Yes Yes No
Zoarcidae Lycodes eudipleurostictus ott905435 D 250 1.33 0.64 2.01 Yes Yes No
Zoarcidae Lycodes frigidus ott539690 D 251 1.23 0.52 1.93 Yes Yes No
Zoarcidae Lycodes pallidus ott178074 D 252 1.43 0.82 2.05 Yes Yes No
Zoarcidae Lycodes polaris ott34255 D 253 1.31 0.97 1.64 No Yes No
Zoarcidae Lycodes reticulatus ott752411 D 254 1.21 0.83 1.61 No Yes No
Zoarcidae Lycodes vahlii ott178063 D 255 1.16 0.66 1.66 Yes Yes No
Zoarcidae Melanostigma atlanticum ott3633033 D 256 1.1 0.63 1.58 Yes Yes No
Zoarcidae Pachycara brachycephalum ott203179 D 257 1.27 0.9 1.63 No Yes No

The above results were obtained by combining the posterior distributions of parameter estimates from Models 1 (Table S3), 2 (Table S4), and 3 (Table S5) as described in the Materials and Methods Section. If a species was present in given

dataset (i.e. fecundity, egg-volume, and/or egg-energy), we used the species-specific posterior distributions of parameter estimates as obtained using random effects. However, if the species was not present, we used the overall fixed-effects

posterior distributions. Columns D1–D3 above indicate in which dataset a species was present. Only 9 species were present in all three datasets (marked with an *): Abudefduf saxatilis, Cynoscion regalis, Engraulis mordax, Gadus morhua,

Gasterosteus aculeatus, Ostorhinchus cyanosoma, Oxylebius pictus, Pseudopleuronectes americanus, Solea solea. This is the same species list used to draw Fig. 3 in the main text.



Table S8. Summary statistics for ordinary least squares regressions between total clutch

dry weight (g) and female mass (g) for three studies that measured egg dry weight, fecundity

and female size. The equation is: Clutch dry weight = β0 × Female massβ1 . Model fitting was

conducted by taking the natural logarithm from both sides of the equation (i.e. equivalent to

equation 1 in Materials and Methods). β0 = intercept; β1 = Mean scaling exponent; β1 S.E. =

Standard error of mean scaling exponent; n = number of independent measurements for each

species.

Species β0 β1 β1 S.E. n Refs
Pseudopleuronectes
americanus 0.01 1.32 0.12 17 (152)

Clupea harengus 0.02 1.01 0.11 45 (243)
Pomacentrus coelestis 0 1.54 0.09 247 (157)
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