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Adult Sex RatiosAdult Sex Ratios
•• Adults can be biomass dominant stage in planktonic Adults can be biomass dominant stage in planktonic 

copepodscopepods

•• Critically they are the reproductive stageCritically they are the reproductive stage

•• Sex ratio skew can impact mate encounter rates, and Sex ratio skew can impact mate encounter rates, and 
limit fertilisation and population growth rates (Kilimit fertilisation and population growth rates (Kiøørboe rboe 
2007, Choi & Kimmerer 2008)2007, Choi & Kimmerer 2008)

•• We will address whether adult sex ratios can be used We will address whether adult sex ratios can be used 
to give new insight into the causes of mortalityto give new insight into the causes of mortality
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Why the strong sex ratio skew in Why the strong sex ratio skew in 
adults?adults?



In order to understand adult sex skew we need to identify In order to understand adult sex skew we need to identify 
where this arises:where this arises:

1. Unequal Sex Ratio at Determination1. Unequal Sex Ratio at Determination

2. Unequal mortality of the sexes in juveniles2. Unequal mortality of the sexes in juveniles

3. Sex switching3. Sex switching

4. Unequal mortality of the sexes in adults4. Unequal mortality of the sexes in adults

Why the strong sex ratio skew in Why the strong sex ratio skew in 
adults?adults?

http://images.google.co.uk/imgres?imgurl=http://upload.wikimedia.org/wikipedia/commons/5/54/Day_old_chick_black_background.jpg&imgrefurl=http://commons.wikimedia.org/wiki/Image:Day_old_chick_black_background.jpg&h=1067&w=1600&sz=177&hl=en&start=3&usg=__YG7tveSm7AEKyQ2iDrLjH0S1z2w=&tbnid=exvU9wjOzgJoIM:&tbnh=100&tbnw=150&prev=/images%3Fq%3Dchick%26gbv%3D2%26hl%3Den%26sa%3DG
http://images.google.co.uk/imgres?imgurl=http://www.nandosusa.com/images/barkChicken.gif&imgrefurl=http://www.scienceblog.com/cms/node/7979&h=300&w=400&sz=96&hl=en&start=12&usg=__ZnuQmaS6x3dxuTWMSOrOWj3TlyY=&tbnid=50rho3na7KGSkM:&tbnh=93&tbnw=124&prev=/images%3Fq%3Dchicken%26gbv%3D2%26hl%3Den%26sa%3DG


In order to understand adult sex skew we need to identify In order to understand adult sex skew we need to identify 
where this arises:where this arises:

1. Unequal Sex Ratio at Determination1. Unequal Sex Ratio at Determination

2. Unequal mortality of the sexes in juveniles2. Unequal mortality of the sexes in juveniles

3. Sex switching3. Sex switching

4. Unequal mortality of the sexes in adults4. Unequal mortality of the sexes in adults

These are not mutually exclusiveThese are not mutually exclusive

Why the strong sex ratio skew in Why the strong sex ratio skew in 
adults?adults?
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To answer this we:To answer this we:

•• Synthesised data across the literature where field sex Synthesised data across the literature where field sex 
ratios determined across juveniles to adultsratios determined across juveniles to adults

•• Sampled on a weekly basis over an annual cycle at the Sampled on a weekly basis over an annual cycle at the 
L4 site in the English Channel, sexed and staged L4 site in the English Channel, sexed and staged 
copepodscopepods

Where does sex ratio skew arise?Where does sex ratio skew arise?
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Where does sex ratio skew arise?Where does sex ratio skew arise?
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Where does sex ratio skew arise?Where does sex ratio skew arise?
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But what about stage duration But what about stage duration 
differences between males and differences between males and 

females?females?

Source: Ferrari & Hayek (1990)
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1. Unequal Sex Ratio at Determination1. Unequal Sex Ratio at Determination

2. Unequal mortality of the sexes in juveniles2. Unequal mortality of the sexes in juveniles

3. Sex switching3. Sex switching

4. Unequal mortality of the sexes in adults4. Unequal mortality of the sexes in adults

Why the strong sex ratio skew in Why the strong sex ratio skew in 
adults?adults?



1. Unequal Sex Ratio at Determination1. Unequal Sex Ratio at Determination

2. Unequal mortality of the sexes in juveniles2. Unequal mortality of the sexes in juveniles

3. Sex switching (at CV to adult transition)3. Sex switching (at CV to adult transition)

4. Unequal mortality of the sexes in adults4. Unequal mortality of the sexes in adults

Why the strong sex ratio skew in Why the strong sex ratio skew in 
adults?adults?
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Why the strong sex ratio skew in Why the strong sex ratio skew in 
adults?adults?



1. Unequal Sex Ratio at Determination1. Unequal Sex Ratio at Determination

2. Unequal mortality of the sexes in juveniles2. Unequal mortality of the sexes in juveniles

3. Sex switching (at CV to adult transition)3. Sex switching (at CV to adult transition)

4. Unequal mortality of the sexes in adults4. Unequal mortality of the sexes in adults

Adults males commonly have higher mortality rates than Adults males commonly have higher mortality rates than 
females, especially in those families which have the females, especially in those families which have the 
ability to store sperm (nonability to store sperm (non--Diaptomoidea)Diaptomoidea)

Why the strong sex ratio skew in Why the strong sex ratio skew in 
adults?adults?
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1.1. Adult males feed less and have reduced Adult males feed less and have reduced ‘‘physiological physiological 
longevitylongevity’’

Sex dependent adult mortalitySex dependent adult mortality



Differences attributed to two main causes:Differences attributed to two main causes:

1.1. Adult males feed less and have reduced Adult males feed less and have reduced ‘‘physiological physiological 
longevitylongevity’’

Sex dependent adult mortalitySex dependent adult mortality

e.g. in males of many 
non-Diaptomoidea Diaptomoidea 
genera the mouthparts genera the mouthparts 
are reduced or nonare reduced or non-- 
functioningfunctioning



Differences attributed to two main causes:Differences attributed to two main causes:

1.1. Adult males feed less and have reduced Adult males feed less and have reduced ‘‘physiological physiological 
longevitylongevity’’

2.   Mate searching by adult males leads to greater 2.   Mate searching by adult males leads to greater 
predation on thempredation on them

We need to understanding the relative importance of We need to understanding the relative importance of 
these twothese two

Sex dependent adult mortalitySex dependent adult mortality
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Differences attributed to two main causes:Differences attributed to two main causes:

1.    Adult males feed less and have reduced 1.    Adult males feed less and have reduced ‘‘physiological physiological 
longevitylongevity’’

Sex dependent adult mortalitySex dependent adult mortality

•• If correct then average adult sex ratios would simply be If correct then average adult sex ratios would simply be 
the ratio of male to female longevitiesthe ratio of male to female longevities

•• Synthesised measurements of adult physiological Synthesised measurements of adult physiological 
longevity under laboratory conditionslongevity under laboratory conditions

•• New measures made (on New measures made (on AcartiaAcartia, , OithonaOithona, , CentropagesCentropages 
and and TemoraTemora))
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Laboratory longevities:
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Laboratory longevities:
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Physiological 
longevity can 
generate sex 
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Sex dependent adult mortalitySex dependent adult mortality

1.1. Adult males feed less and have reduced Adult males feed less and have reduced ‘‘physiological physiological 
longevitylongevity’’



Sex dependent adult mortalitySex dependent adult mortality

Physiological differences may explain small sex ratio biaPhysiological differences may explain small sex ratio bias s 
in Diaptomoideain Diaptomoidea

The few measures of longevity in nonThe few measures of longevity in non--Diaptomoidea Diaptomoidea 
suggest much less skewed sex ratios than actually suggest much less skewed sex ratios than actually 
observed in the fieldobserved in the field

1.1. Adult males feed less and have reduced Adult males feed less and have reduced ‘‘physiological physiological 
longevitylongevity’’



2.   Mate searching and behaviour of adult males 2.   Mate searching and behaviour of adult males 
leads to greater predation on themleads to greater predation on them

Sex dependent adult mortalitySex dependent adult mortality

1.1. Adult males feed less and have reduced Adult males feed less and have reduced ‘‘physiological physiological 
longevitylongevity’’



centropages-trail-tracking.wmv

pseudocalanus-courtship.wmv

Mate searching by Centropages typicus 
(Bagøien & Kiørboe 2005)



Sex dependent adult mortalitySex dependent adult mortality

1.1. Adult males feed less and have reduced Adult males feed less and have reduced ‘‘physiological physiological 
longevitylongevity’’

We can use field mortality rates and physiological We can use field mortality rates and physiological 
longevity to tell us morelongevity to tell us more

2.   Mate searching and behaviour of adult males 2.   Mate searching and behaviour of adult males 
leads to greater predation on themleads to greater predation on them
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Laboratory:
Physiological longevity

Predation vs. Physiological LongevityPredation vs. Physiological Longevity

Field Mortality:
Physiological longevity
Predation
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From KiFrom Kiøørboe (2008)rboe (2008)
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Predation vs. Physiological LongevityPredation vs. Physiological Longevity
•• Adult field mortality rates, data for 4 dominant genera:Adult field mortality rates, data for 4 dominant genera:

–– OithonaOithona (Hirst & Ward 2008)(Hirst & Ward 2008)

–– AcartiaAcartia (Landry 1978; Johnson 1981; Kimmerer & McKinnon 1987)(Landry 1978; Johnson 1981; Kimmerer & McKinnon 1987)

–– PseudocalanusPseudocalanus (Ohman & Wood 1996; Ohman (Ohman & Wood 1996; Ohman et alet al. 2002). 2002)

–– CalanusCalanus (Ohman (Ohman et alet al. 2002; Hirst . 2002; Hirst et alet al. 2007). 2007)

•• Physiological longevities of adults of each genera Physiological longevities of adults of each genera 
(measured in the laboratory under fed and starved (measured in the laboratory under fed and starved 
conditions)conditions)
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Conclusions for these 4 generaConclusions for these 4 genera
•• Physiological longevity is a minor contributor to adult Physiological longevity is a minor contributor to adult 

copepod mortality in the field (except in some females copepod mortality in the field (except in some females 
when food limited)when food limited)

•• Reduced physiological longevity of males cannot account Reduced physiological longevity of males cannot account 
for large adult sex ratio skewfor large adult sex ratio skew

•• Predation likely contributes much of the adult mortality Predation likely contributes much of the adult mortality –– 
copepods doncopepods don’’t die of old aget die of old age

•• Differential predation on adult males and females main Differential predation on adult males and females main 
cause of strong sex ratio skewcause of strong sex ratio skew



What Next?What Next?
•• We are measuring predation by a variety of predator guilds We are measuring predation by a variety of predator guilds 

(fish larvae, chaetognaths, medusae) on male and female (fish larvae, chaetognaths, medusae) on male and female 
copepods, to determine if these rates do differcopepods, to determine if these rates do differ

•• ‘‘The influence of prey size, sex and behaviour on predation The influence of prey size, sex and behaviour on predation 
by the scyphomedusa by the scyphomedusa Aurelia auritaAurelia aurita’’ FitzFitz--George Balfour George Balfour et et 
alal. (Poster Session 2). (Poster Session 2)
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