
Marine and Freshwater Miscellanea II 

 125 

FEMALE FISH GROW BIGGER – DEAL WITH IT!* 
 

Daniel Pauly 

 

Sea Around Us, Institute for the Oceans and Fisheries, 2202 Main Mall, University of British Columbia, 

Vancouver, Canada 

d.pauly@oceans.ubc.ca 

 

Abstract 
In the spirit of transparency, and to provide further element for a serious debate about the Gill-Oxygen 

Limitation Theory (GOLT), the comments of an editor and a semi-anonymous peer reviewer, and the responses 

that were provided are presented which preceded the publication of Pauly, D. (2018. Trends Ecol. Evol., doi 

10/10.1016.tree.2018.12.007). The issue was a paper by D.J. Marshall and C.R. White (2018. Trends Ecol. Evol. 

doi.org/10.1016/j.tree.2018.10.005) that reiterated a common, if mistaken, claim that high costs of reproduction 

limit the growth of fish. This is contradicted by the fact that, in the overwhelming majority of fish species, the 

females grow to be larger than the males, in spite of their higher reproductive investment. 

 
Introduction 
Following the interesting reception of the publication of my first exchange with three peer-reviewers and an 

editor concerning one of my articles on the Gill-Oxygen Limitation Theory (GOLT) in Global Change Biology 

(Pauly 2018), this contribution presents a similar exchange regarding a smaller paper published in Trends in 

Ecology and Evolution (TREE). 

 

The issue was a paper by Marshall and 

White (2018a), who concluded the 

hyperallometric growth of the gonad of 

some fish invalidates widely used growth 

models, including that of von Bertalanffy.  

 

I took issue with this view because it built 

on the commonly held notion that the 

growth of fish is limited by the ‘energy’ 

they devote to their reproduction (Hubbs 

1926; van Oosten 1923; Jones 1976; 

Lagler et al. 1977; Sebens 1987; Day and 

Taylor 1997; Charnov 2008; Quince et al. 

2008). However, if this were correct, 

female fish - which have higher 

reproductive cost than males - would 

always be smaller than males. Yet, in 

FishBase (www.fishbase.org), over 664 

(i.e., <80%) of all fish species for which sex-specific growth curves were available (n= 825), the females grew 

much larger than the males. 

 

 
* Cite as: Pauly, D. 2020. Learning from peer-reviews II: females grow bigger – deal with it! pp. 125-130. In: Pauly D. and V. 
Ruiz-Leotaud (eds.) Marine and Freshwater Miscellanea II. Fisheries Centre Research Reports 28(2) Institute for the 
Oceans and Fisheries, University of British Columbia. 

Figure 1. Female fish generally grow bigger than males, as here illustrated by 
hake (Merluccius merlucius) from the Adriatic Sea. Modified from Pauly 
(2019), who provides an explanation and sources for the growth curves. 
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This fact, illustrated in Figure 1, is one that I think biologists must confront, rather than conveniently ignoring it. 

This is why I wrote a paper on this (Pauly 2018), whose review is presented here. 

 

Comments and Response 
Dear Editor, 

 

Many thanks for the opportunity to resubmit my contribution and for your suggestions on how to improve it, 

which I immensely appreciate. As you will see below, I have agreed to many of your and the reviewer’s 

suggestions, but there are some I could not (I explain why). If this should prevent my submission from being 

accepted, I won’t make a fuss, as I am aware of the some of my ideas being counterintuitive. Here we go: 

 

1.) While I appreciate that you’ve tried to make the title enticing, I’m concerned that this title, particularly the 

exclamation mark, could be considered antagonistic†. We want to encourage a healthy debate, not make 

people feel defensive. Please rethink the title and aim for something enticing yet gentle. 

 

I propose Female fish grow bigger – let’s deal with it, which is much friendlier, but has more words than 

strictly allowed (but short words, not like ‘hy-po-allo-me-try…). 

 

2.) The references to Pauly (1984 and 2010) form the core of your argument and they are all from your 

group. Do you have some references for the GOLT from different research groups? In the submission 

guidelines it is stated: “Letters should not be used as an opportunity to promote your own work”. 

 

This request is one of the real problems I have: even though I have been able to marshal what I think is a 

large amount of evidence (including tests of some of its key aspects) for the GOLT in my 2010 book on the 

topic, which also contain numerous supportive quotes, papers explicitly endorsing the GOLT are still 

lacking. I have added two references (Thorpe 1990; Kolding et al. 2008) to experimental work supporting 

my contention that declining growth rates trigger spawning (and thus that it not spawning which reduces 

growth), and which explicitly cite my 1984 paper on this, with Kolding et al. (2008) being an explicit test. 

But if your criterion is that I must cite full-throated endorsement of the GOLT from others before I can 

defend it, then I must withdraw my submission, because I cannot meet it. 

 

3.) When I emailed with the original author about your letter he felt that the arguments presented here are 

very similar to those presented in your Global Change Biology paper and that the goldfish argument is 

also presented in your book. While I encourage you to refer to these, TREE letters should be a synthesis 

rather than highlighting omissions in the articles. 

 

The lone asexual goldfish argument is recycled here because it is a good one (almost as good as the 

‘universal acid’ of Dennett 1995), because it undermines all hypotheses linking the shape of growth curves to 

reproduction (or to predation, or other ecosystem parameters). As for the Global Change Biology paper (I 

presume you are referring to Pauly and Cheung 2017), it only mentions ‘reproduction’ twice, very casually, 

to say that “concentrating on the physical constraints to which fish are exposed made it possible to explain 

the basic patterns of size, growth and reproduction, and their relationship with environmental change 

(Pauly 2010)” and that “a given species of fish will inherit a gill size that was sufficient for its ancestors’ 

growth in the appropriate time to a size appropriate for their reproduction”. Thus, it is not the case that 

we presented in the earlier paper the argument in my submission to TREE. 

 
† The title originally proposed was ‘Female fish grow bigger – deal with it!’, i.e., as in this contribution. 
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4.) The referee raises some interesting points about different growth models. I believe that some discussion of 

the various potential models for fish growth would be of great interest to TREE readers. 

 

I have no doubt that a review/discussion of growth model would be interesting to TREE readers (in fact, I 

would love to be asked, one day, to write a full review of this topic for TREE). Here, however, dealing with 

growth models in a way that would do (some) justice to the referee’s ideas (see below) and to the many 

brilliant colleagues who have opined on the topic would be opening a giant can of worms, with a number of 

allowed words much too small to conjure the recapture their wriggling mass. 

 

5.) In addition, please also pay particular attention to the following points: [These points were derived from 

TREE’s instructions to authors and do not need to be reproduced here] 

 

I will do all this. The figure is an original; it changed it from the first version, which was submitted in error. 

This does not change anything else. 

 
Reviewer - General comments: 
6.) Pauly is a leader in the study of fish growth and deserves to be heard, especially in defense of his own 

model. However, I do not find his view and that of Marshall & White as conflicting as Pauly seems to 

make out. Both views focus on different aspects of the overall energy/oxygen budgets of fishes (oxygen 

supply via gills and oxygen/energy demand for maintenance and activity by Pauly versus energy/oxygen 

demand of reproduction by Marshall & White), all of which should be considered to gain a holistic 

understanding of growth. 

 

Dr. Douglas Glazier thinks that a “holistic understanding” of growth should explain the growth of bacteria, 

fish, hibernating bears and tomatoes (see Glazier 2015), which he recommended I read, and which I now 

cite. Naturally, no theory can do what he asks for, and thus he finds all of them wanting. Moreover, I don’t 

believe that a holistic understanding of growth as defined by Dr. Glazier is possible (or that it would predict 

anything, if it were). 

 

7.) However, both 'constraint' views cannot explain why minnows and anchovies grow to small adult sizes, 

whereas carp and tunas grow to much larger adult sizes. 

 

But the GOLT does not claim to explain why minnow and anchovies are small while carp and tuna grow to 

much larger sizes. We have the theory of evolution for that. What the GOLT explain is why a minnow and a 

large tuna have gills which supply them, as they grow, with a declining oxygen per unit weight, and that this 

reduced oxygen supply reduces their growth rate until finally, they stop growing. 

 

8.) A priori, one might think that geometric constraints on oxygen-supply or allometric constraints on the 

energy costs of reproduction should cause fishes to reach adult sizes that vary over a narrow range, 

rather than the huge range that we see (>8 orders of magnitude in mass). In my opinion, what is missing 

from these views is the importance of biological regulation in the control of growth (e.g. see review of 

Glazier 2015). Growth may not be simply about oxygen/energy constraints. It may be the result of 

adaptive regulation molded by natural selection in response to various environmental factors. 

 

No ‘adaptive regulation’ exists which can enable an animal to live without an adequate oxygen supply (this 

applies even to crucian carp, which although can survive months without oxygen, do so by incurring an 

oxygen debt which must be eventually balanced). Moreover, the GOLT is not about both “oxygen/energy 

constraints”. It is about the fact that gills, being a 2-D surface cannot but fail to keep up with the 3-D bodies 
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that they have to supply with oxygen. Hence, big/old fish have less and less oxygen per unit weight; 

however, as I mentioned above , animals cannot live without an adequate oxygen supply, even if they have 

an adequate “energy” (i.e., food) supply.   

 

9.) Specific comments: L 19-21: Higher water temperature not only increases O2 demand, but also decreases 

O2 availability, thus compounding the respiratory stress. 

 

Yes, but this effect is much weaker; however, it is now mentioned. 

 

10.) L 27-29: This goldfish example is interesting, but in my opinion makes a moot point. This is because I do 

not think that Marshall and White are arguing that reproduction is always the cause (or only cause) of 

ceased growth. If this were true, all fish would be determinate growers, ceasing growth completely at first 

reproduction. 

 

Not so: the argument that is most commonly made is that increasing gonad size during the reproductive 

season gradually reduces the ‘energy’ available for somatic growth. The Marshall and White paper makes 

this point repeatedly. 

 

11.)  Obviously, this [i.e., that all fish are determinate growers] is not the case, as Marshall and White know. 

Are they not simply saying that given a fixed energy budget, increasing energy costs of reproduction will 

decrease energy available for growth, but not necessarily completely stop growth? This allocation of 

energy to reproduction and away from growth will be more dramatic if reproductive energy costs increase 

hyperallometrically with increasing female size. However, one must also consider that total food energy 

intake also increases with female size, thus allowing the possibility for her to grow and reproduce 

continuously. 

 

Dr. Glazier says “I do not think that Marshall and White are arguing that reproduction is always the cause 

(or only cause) of ceased growth.”  Then he suggests that they believe “that given a fixed energy budget, 

increasing energy costs of reproduction will decrease energy available for growth, but not necessarily 

completely stop growth”.  The cores of these two sentences (i.e., omitting ‘or only cause’ and ‘but not 

necessarily completely stop growth’) are in direct contradiction to each other. 

 

12.) L 30-39: Why female growth usually exceeds male growth in fishes (despite greater energy expenditure 

by females for offspring production) is a fascinating question. The author suggests that this may because 

males have greater activity costs related to mating and fighting with other competitive males that drains 

energy away from growth. If so, the costs of reproduction (albeit expressed differently) may be involved 

in the growth of both males and females, thus not contradicting the point of view of Marshall and White. 

 

Marshall and White suggested throughout their paper, that hyperallometry undermines most growth 

models, including the von Bertalanffy model as interpreted in the GOLT. As it is females that (by definition) 

have the biggest reproductive load, they have to be most affected by hyperallometry, and thus they should 

always be smaller than males – which they don’t. 

 

13.) Furthermore, in some groups of animals (e.g. amphipods) males tend to grow bigger than females. 

Therefore, the author's argument is not general. In any case, I appreciate the author's point that costs of 

maintenance & activity should be included in energetic models of growth. 
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The argument I make is that reproduction doesn’t reduce the growth and ultimate size of fish, and that this 

is supported by the fact that females get bigger in most species of fish. A moment thought will suffice to see 

that this point is not refuted by males getting bigger than females in amphipods, or in a minority of fish 

species. 

 

14.) L 39: Change "female" to "females"; L 41: Omit "the" before "pregnancies"; L 68: Change "male" to 

"males". 

 

Done. 

 

Discussion  
Obviously, there was a response to the paper whose review was presented above (i.e., Pauly 2018) and it shows 

that Marshall and White (2018 a, b) are nothing if consistent: confronted with females that grew larger than 

males, they courageously concluded that “Pauly’s assumption that small fish have higher reproductive output 

than male fish is unsupported by data. There is no pattern of female investing relatively more in reproduction 

than male in fish (or other water-breathing ectotherms [Parker et al. 2017]). Indeed, for the species given by 

Pauly [Acanthopagrus butcheri], females invest relatively less in reproduction than males as a proportion of 

body mass (see Figure 5.5‡. in G.A. PhD thesis, Murdoch University, 1999)”. 

 

Here, even hard-core supporters of the notion that fish growth is limited by reproduction will recoil: we have 

here biologists who are so desperate that they really suggest male fish invest more in reproduction than females, 

and who cite an unpublished thesis to support their claim. 

 

I will be dealing elsewhere at length with this and related claims. 
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