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Introduction

 Aim: review how hermaphroditic species are treated in 
stock assessments 

Outline
 Part 1 – What are the effects of fishing a hermaphroditic 

species? Evidence?
 Part 2 – What are the species of interest?
 Part 3 – How are these species treated in stock 

assessments?
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Part 1: what are the effects of fishing?

 Fishing has 2 effects:

1) Increasingly skewed sex ratios
2) Downward shift in the age at transition



Part 1: what are the effects of fishing? Sex Ratio

 Case study #1 - Coleman et al. 1996

 Red grouper (1960 – 1992)
 Gag grouper (1977 – 1993)
 Scamp grouper (1970 – 1992)

Gag grouper 

Red Grouper

Scamp grouper



Coleman et al. 1996
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Part 1: what are the effects of fishing? Sex Ratio



 Case study #2 - Beets & Friedlander 1998

 Red hind (E. guttatus)
 St. Thomas, Virgin Islands
 (1984 – 1988) and (1992 – 1994)

6.7% male                25% male

Part 1: what are the effects of fishing? Sex Ratio



Beets & Friedlander 1998
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Beets & Friedlander 1998

• Skewed sex ratio

• No change in transition



Part 1: What are the effects of fishing? 

Size at sex change

 Assumes sex change is, at least in part, triggered by 
social structure  or sex-ratios.



 Case study #1 – Hamilton et al. 2007

• California sheephead (S. pulcher)
• (1969–1982) and (1998)
• Size decreased from 327  255 (22% drop)
• Size decreased from 479  311 (35% drop)
• Size decreased from 258  254 (<1% drop)

Part 1: what are the effects of fishing?
Size at sex change
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Hamilton et al. 2007

Part 1: what are the effects of fishing?
Size at sex change



 Case study #2 – Gotz et al. 2008

• Roman (C. laticeps)
• (2000 – 2004)
• Size decreased from 330.3  289.91 (12% drop)
• Age decreased from 10.25  7.99 (22% drop)

Part 1: what are the effects of fishing?
Size at sex change
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 Side effects of increasingly skewed sex ratios….

1. sperm limitation 

2. reduced genetic diversity

Part 1: what are the effects of fishing?
Side Effects…



 Side effects of increasingly skewed sex ratios….
Lessios (1988)

1. sperm limitation Hines et al. (2003)
Brook et al. (2008)

2. reduced genetic diversity Allee (1931)
Chapman et al. (1999)

Part 1: what are the effects of fishing?
Side Effects…



 Side effects of transitioning at smaller sizes….

- reduction in egg production?

- biological constraints?

- negative consequences of smaller
males on average?

Part 1: what are the effects of fishing?
Side Effects…



Part 2: what species are sex-changing on the east coast?

 Black sea bass (2 stocks)
 Gag grouper (2 stocks)
 Red grouper (2 stocks)
 Black grouper
 Goliath grouper (questionable)
 Scamp 
 Snowy grouper
 Red porgy
 Hogfish
 Gulf yellowedge

 Nassau grouper ?
 Red hind



Year SSB combined? F/Fmsy B/Bmsy

BSB (Mid-Atlantic) 2012 Combined 0.48 0.97

BSB (S. Atlantic) 2011 Combined 1.07 0.70

Gulf yellowedge 2011 Combined 0.94 1.12

Gag grouper (S. Atlantic) 2006 Combined 1.36 0.12

Gag grouper (Gulf of Mexico) 2006 Combined 1.29 0.79

Black grouper 2010 Combined 0.44 1.4

Scamp grouper 2005 Female only(?) <1.0 0.35

Red grouper (S. Atlantic) 2010 Female only 1.34 0.79

Snowy grouper 2004 Combined 0.24 2

Red hind 2004 Not 
reported

Not 
reported

Not 
reported

Table 1. Stock status



Table 1. cont’d

Year SSB combined? F/Fmsy B/Bmsy

Red porgy 2002 Combined 0.47 0.43

Hogfish 2004 Combined 4.35 0.34

Goliath grouper 2011 Not reported N/A N/A

Nassau grouper 2005 Not reported N/A N/A



Table 2. Sex change in assessments
Tracks the sex 
ratio through 

time?

Δ in
proportion 

male

Downward shift in 
size at transition?

Measures sex 
selectivity?

BSB (Mid-Atlantic) No Not reported Not reported No

BSB (S. Atlantic) No Not reported Not reported No

Gulf yellowedge Yes Not reported Not reported No

Gag grouper
(S. Atlantic) No 21.1 to 8.2%

(1976-2004) Yes No

Gag grouper
(Gulf of Mexico) Yes 17% - 1%

(1970-1992) No decrease in size No

Black grouper No Not reported Not reported No

Scamp grouper No 36% - 18%
(1970 – 1992) Not reported No

Red grouper (S. Atlantic, 
Gulf of Meixco) No Not reported No decrease in size No

Snowy grouper No Not reported Not reported No

Red hind No Not reported Not reported No

Nassau grouper No Not reported Not reported N/A
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Table 2. cont’d

Tracks sex 
ratio through 

time?

Δ in
proportion 

male

Downward 
shift in size at 

transition?

Measures sex 
selectivity?

Red porgy No Not reported Not reported

Reports 
proportion

male at age for 
different gears

Hogfish No Not reported Not reported No

Goliath 
grouper

No Not reported Not reported N/A

Northern 
shrimp

No Not reported* Not reported No
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Table 4. Summary

How many stocks currently experience 
overfishing?

5 of 15

How many are overfished? 3 of 15

How often does SSB include male biomass? 8 of 15

How many stocks track the sex ratio? 2 of 15

Documented change in proportion male? 2 of 15

Decrease in size at transition? 1 of 15



Thank you!



Beets & Friedlander 1992

Data from 
1992, sex 
ratio here 
15:1



Coleman et al. 1996


