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Presenter
Presentation Notes
When we ask how and why fish will respond to climate variation, we should perhaps first to understand the expression of reproductive variability among and within fish populations already. In today’s talk, I will provide an overview of the capital-income breeding paradigm, and show that this is helpful in explaining how and why fish populations will respond to environmental variation, particularly that variation that effect energy flow through the trophic dynamics.
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QOutline

— Defining Capital and Income breeding

—— Capital breeder responses

—— Income breeder responses

—— Comparative approaches
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Presenter
Presentation Notes
I will begin by defining both capital and income breeding.

Provide a few clear examples of each, and identify the connection between food availability and egg production, and its implications for recruitment.

And I will finish by advocating that the comparative approach to biology can be useful for addressing population-level responses in general for investigating fish responses to climate variation.


You allocate what you eat
Arcap@ne eegeder



Presenter
Presentation Notes
The English expression is that ‘you are what you eat’ and in this case, the point is also that you allocate what you eat, too.

This graphic of an individual’s energy budget is quite simplified, but makes a few important points.
First, ingested energy can be allocated in a number of ways. The classic life history trade off between somatic growth and reproductive growth are shown. Some energy is lost, in terms of growth, to metabolism and excretion.

For our purpose here, we are focused on adults, so that somatic growth, metabolism and excretion are negligible or simply background. Thus, we are interested in the through put between ingestion and gamete production, particularly whether energy is stored at some point or if it does directly to the gonad for gamete production.

Capital breeder
Income breeder



Georges Bank Haddock
A transboundary stock
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Georges Bank Haddock, stock — recruit

Brodziak et al. (2008) Fish. Res. 94: 123-132.



Haddock eggs and larvae drift
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Mountain et al. (2003). MEPS 263: 247-260.
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Presentation Notes
The traditional story about why recruitment varies has been that year class strength is set in the larval stage, in relation to some environmental factor such as retention in a Georgres Bank anti-cyclonic gyre or the timing of first feeding by larvae in relation to the spring plankton bloom.
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Presentation Notes
This is another particularly compelling example, Georges Bank haddock, Friedland and others report that an increase in primary productivity (Chl a) is correlated to increased year class strength (numbers of recruits standardized to stock size).

Conceptually, how can these two variables be linked?
______________________________________________________________________

Friedland, K. D., Jonathan A. Hare, Grayson B. Wood, Laurel A. Col, Lawrence J. Buckley, David G. Mountain, Joseph Kane, et al. 2008. Does the fall phytoplankton bloom control recruitment of Georges Bank haddock, Melanogrammus aeglefinus, through parental condition? . Canadian Journal of Fisheries and Aquatic Science, 65: 1076-1086.

Friedland, K. D., Hare, J. A., Wood, G. B., Col, L. A., Buckley, L. J., Mountain, D. G., Kane, J., et al. 2009. Reply to the comment by Payne et al. on “Does the fall phytoplankton bloom control recruitment of Georges Bank haddock, Melanogrammus aeglefinus, through parental condition?”. Canadian Journal of Fisheries and Aquatic Sciences, 66: 873-877.
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Friedland et al. (2008, 2009) Can. J. Fish. Aguat. Sci.
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Here are the proposed mechanics
On the left is a simple food chain, where particularly in autumn [when copepod densities are low], the food chain is very short.

Primary production (phytoplankton) enriches the sediment, leading to better conditions of the prey base particularly for haddock (a benthivore). 
(CLICK)
Nonetheless, spawning by haddock occurs in the spring, and many studies have tried to predict haddock recruitment variations on a match-mismatch of the first-feeding larvae and the spring production cycle on Georges Bank….
CLICK
The connection between this trophic structure and the haddock spawning cycle is shown here  by a dashed line.

The specific, proposed driver is that a high level of Chl a in the autumn season will enrich the epifaunal prey base during a time when recruitment of the yolked oocytes occurs in mature female haddock. Haddock is a capital spawner, so spawning does not occur for another 6 months, in spring.  

When comparing this correlation to a match-mismatch of larval feeding, the parental-condition mechanisms explains more of the variation in year class strength. (Friedland et al. 2008, 2009). 

This example needs to be evaluated with more data, over time, but this is precisely the kind of hypothesis that connects two disciplines – reproductive biology and trophic dynamics – that may eventually be predictive of population or ecosystem processes.

Simple (not by any means complete)
Static (not able to account for regime shifts)
But
It may be enough to be structurally realistic
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Presenter
Presentation Notes
Agostini, V. N. & Bakun, A. (2002). `Ocean triads' in the Mediterranean Sea: physical mechanisms potentially structuring reproductive habitat suitability (with example application to European anchovy, Engraulis encrasicolus). Fisheries Oceanography 11, 129-142.

Summaries of maritime weather reports and mean seasonal satellite-sensed ocean colour distributions for the Mediterranean Sea are used to identify characteristic configurations of physical mechanisms promoting (i) nutrient enrichment, (ii) concentration of larval food distributions, and (iii) local retention of eggs and larvae. Five subbasin scale `ocean triads', hypothesized to be particularly favourable groupings, are identified in the Aegean Sea, the Gulf of Lions and nearby Catalan Coast, the Alboran Sea, the Straits of Sicily/Tunisian Coast, and the Adriatic Sea. These are examined in relation to available knowledge of anchovy spawning grounds. All areas are characterized by patterns of linked wind-driven Ekman upwelling and downwelling. All areas except the Straits of Sicily are found to have inputs of less saline surface waters offering raised nutrient concentrations, enhanced upper layer stability, and frontal density contrasts, and to have areas where the characteristic rate of turbulent mixing energy input by the wind fall below a reference intensity level. All areas, except the Sicilian Channel/Tunisian Coast, also contain abundant locally reproducing anchovy populations.



European anchovy
June-July Ekman transport vectors
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Agostini and Bakun (2002). Fisheries Oceanography 11 129-142.
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Presentation Notes
Agostini, V. N. & Bakun, A. (2002). `Ocean triads' in the Mediterranean Sea: physical mechanisms potentially structuring reproductive habitat suitability (with example application to European anchovy, Engraulis encrasicolus). Fisheries Oceanography 11, 129-142.

Summaries of maritime weather reports and mean seasonal satellite-sensed ocean colour distributions for the Mediterranean Sea are used to identify characteristic configurations of physical mechanisms promoting (i) nutrient enrichment, (ii) concentration of larval food distributions, and (iii) local retention of eggs and larvae. Five subbasin scale `ocean triads', hypothesized to be particularly favourable groupings, are identified in the Aegean Sea, the Gulf of Lions and nearby Catalan Coast, the Alboran Sea, the Straits of Sicily/Tunisian Coast, and the Adriatic Sea. These are examined in relation to available knowledge of anchovy spawning grounds. All areas are characterized by patterns of linked wind-driven Ekman upwelling and downwelling. All areas except the Straits of Sicily are found to have inputs of less saline surface waters offering raised nutrient concentrations, enhanced upper layer stability, and frontal density contrasts, and to have areas where the characteristic rate of turbulent mixing energy input by the wind fall below a reference intensity level. All areas, except the Sicilian Channel/Tunisian Coast, also contain abundant locally reproducing anchovy populations.

Overlayed on
Bakun, A. & Agostini, V. N. (2001). Seasonal patterns of wind-induces upwelling/downwelling in the Mediterranean Sea. Scientia Marina 65, 243-257.
Seasonal variation of Ekman transport produced from smoothed distributions of wind stress estimates. Transport m agnitudes  (t s-1 m-1) are indicated by length of the vector symbols (reference scale appears on each panel). (a) Dec-Jan. (b) Feb-Mar. (c) Apr-May.(d) Jun-Jul. 
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Presenter
Presentation Notes
Basilone, G., Bonanno, A., Patti, B., Mazzola, S., Barra, M., Cuttitta, A. & McBride, R. (2013). Spawning site selection by European anchovy (Engraulis encrasicolus) in relation to oceanographic conditions in the Strait of Sicily. Fisheries Oceanography 22 309-323.

Figure 3. Density of European anchovy (Engraulis encrasicolus) eggs (N m3) at all stations sampled, by year, 1998–2007. The dots are proportional to egg density (eggs m 2); the adopted scale, a square-root transformation, is common for the whole data set. The circulation patterns in the study area for the period 1998–2007, as mean geostrophic currents in the water layer where the AIS core is mainly located, are on the left-hand side, and the AIS pattern, the thermohaline front of the Ionian slope, and other circulation features are reported on the right-hand side.
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Basilone et al. (2013). Fisheries Oceanography 22: 309-323.
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Basilone, G., Bonanno, A., Patti, B., Mazzola, S., Barra, M., Cuttitta, A. & McBride, R. (2013). Spawning site selection by European anchovy (Engraulis encrasicolus) in relation to oceanographic conditions in the Strait of Sicily. Fisheries Oceanography 22 309-323.

Figure 7. Spawning habitat of European anchovy (Engraulis encrasicolus) along the southern coast of Sicily: recurrent, occasional, and unfavourable spawning areas. See text for methods (indicator kriging) and classifications (Bellier et al., 2007). The dashed line marks the boundary between inshore (all years, 1998–2007) and offshore areas (1999 not available).


Winter flounder A mean distribution / yr
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Nye et al. (2009) MEPS 393, 111-129.
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Nye, J. A., Link, J. S., Hare, J. A. & Overholtz, W. J. (2009). Changing spatial distribution of fish stocks in relation to climate and population size on the Northeast United States continental shelf. Marine Ecology Progress Series 393, 111-129.


Spatial variation in maturity rates

Generalized Additive Model
of spatial variation in female
winter flounder maturity
(movie)

Megan Winton (NOAA HAIP funded)

Winton et al. (2014) Can. J Fish. Aquat. Sci. 71:1279-1290
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Spatial variation in skip spawning rates
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Laboratory and field evidence from Canadian waters

Lab: Recrudescence affected by food rations (Tyler and Dunn, 1976; Burton and Idler, 1987)

Lab: Ration levels in early feeding season most important (a critical period; Burton 1994)

Lab: Skip spawning is not permanent if feeding resumes (Burton 1991)

Field: 26% males, 15% females skip spawning (Burton and Idler, 1984), but 0% males and 0% females (Kennedy and Steele, 1971)

Field evidence from USA waters

Field: (New Jersey) 5% females (Wuenschel et al, in press)
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Spatial variation in annual fecundity
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Laboratory and field evidence from Canadian waters

Lab: Recrudescence affected by food rations (Tyler and Dunn, 1976; Burton and Idler, 1987)

Lab: Ration levels in early feeding season most important (a critical period; Burton 1994)

Lab: Skip spawning is not permanent if feeding resumes (Burton 1991)

Field: 26% males, 15% females skip spawning (Burton and Idler, 1984), but 0% males and 0% females (Kennedy and Steele, 1971)

Field evidence from USA waters

Field: (New Jersey) 5% females (Wuenschel et al, in press)



Moving in place?

Temperature
- Surface
—— Bottom

Kleisner et al. (2016) PLOS One. doi: 10.1371/journal.pone.0149220



http://dx.doi.org/10.1371/journal.pone.0149220

American shad life history
_varles across Its range

American shad,
Alosa sapidissima

Filled boxes depict spawning period by latitude

Limburg et al. (2003) AFS Symp. 35: 125-140
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An example of successful adaptation to environmental gradient (relates to climate change)


P
Adaptive significance

of life history variation

Annual fecundity declines with latitude.
Repeat spawning increases with latitude.
> Lifetime fecundity is constant.

Annual fecundity
(# eggs/year)
Repeat spawnings
(Iteroparity)

Florida Canada
Olney and McBride (2003) AFS Symp. 35: 185-192
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There are lots of fecundity estimates, for lots of populations, because although this species spends most of its time in the marine environment (or ‘as an andromous species), it comes into rivers in the spring to spawn, where it can be easily collected from a small boat or even with waders. 

Several decades ago, Bill Leggett assembled what was known about life history variation in this species and noted two important trends: a gradient in fecundity, or the number of eggs produced per year, but a counter-gradient in parity, or the number of different years that a female may spawn in its lifetime. (figure; equal fitness [lifetime fecundity] across years).
Source: Leggett, William C. & Carscadden, James E. (1978) Latitudinal variation in reproductive characteristics of American shad (Alosa sapidissima): Evidence for population specific life history strategies in fish. Journal of the Fisheries Research Board of Canada, 35, 1469-1478. http://www.nrcresearchpress.com/doi/pdf/10.1139/f78-230

This is literally a textbook example of adaptive variation in life history traits to explain natal homing in a marine fish:
Textbook: Roff, D.A., 2002. Life History Evolution. Sinauer Assoc., Inc., Sunderland, MA.
It makes sense to return to a latitude where your life history traits are set to maximize fitness.


Size at age decreases with latitude
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Presentation Notes
This is another particularly compelling example, Georges Bank haddock, Friedland and others report that an increase in primary productivity (Chl a) is correlated to increased year class strength (numbers of recruits standardized to stock size).

Conceptually, how can these two variables be linked?
______________________________________________________________________

Friedland, K. D., Jonathan A. Hare, Grayson B. Wood, Laurel A. Col, Lawrence J. Buckley, David G. Mountain, Joseph Kane, et al. 2008. Does the fall phytoplankton bloom control recruitment of Georges Bank haddock, Melanogrammus aeglefinus, through parental condition? . Canadian Journal of Fisheries and Aquatic Science, 65: 1076-1086.

Friedland, K. D., Hare, J. A., Wood, G. B., Col, L. A., Buckley, L. J., Mountain, D. G., Kane, J., et al. 2009. Reply to the comment by Payne et al. on “Does the fall phytoplankton bloom control recruitment of Georges Bank haddock, Melanogrammus aeglefinus, through parental condition?”. Canadian Journal of Fisheries and Aquatic Sciences, 66: 873-877.


e
Take homes

Egg production ~ acquired & allocated energy
McBride et al. (2015) Fish & Fisheries, DOI: 10.1111/faf.12043

Spatial & temporal scales of egg production will vary
between capital (annual) and income (daily) breeders

Intra-specific, between population, comparisons inform predictions of
how existing populations will respond to climate change

ICES Annual Science Conference 2017 theme session:

Patterns, sources, and consequences of intraspecific variation in responses of
marine fauna to environmental stressors
Organizers: Christopher Chambers, Hannes Baumann, Gudrin Marteinsdottir,

and Richard S. McBride

September, 2017, Broward County Convention Center, Fort Lauderdale, Florida, USA.
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Recruitment as an emergent property


Energy acquisition and allocation to egg production in
relation to fish reproductive strategies

Richard S McBride', Stylianos Somarakis®, Gary R Fitzhugh’, Anu Albert®, Nathalia A Yaragina®,
Mark | Wuenschel’, Alexandre Alonso-Fernandez® & Gualtiero Basilone”

!National Marine Fisheries Service, Northeast Fisheries Science Center, 166 Water Street, Woods Hole, MA 02543,
USA: “Hellenic Centre for Marine Research, PO Box 2214, Heraklion, 71003 Crete, Greece; *National Marine Fisheries
Service, Southeast Fisheries Science Center, Panama City, FL 32408, USA: *Estonian Marine Institute, University of
Tartu, Vanemuise 46, 51014 Tartu, Estonia; *Polar Research Institute of Marine Fisheries and Oceanography,

6 Knipovich St., Murmansk 183038, Russia; °Instituto de Investigaciones Marinas, Consejo Superior de Investigaciones
Cientificas, IIM-CSIC, ¢/Eduardo Cabello 6, 36208 Vigo (Pontevedra), Spain; “Consiglio Nazionale delle Ricerche Istituto
Ambiente Marino Costiero UOS Mazara (CNR-IAMC), Via L. Vaccara, no. 61, 91026 Mazara del Vallo (Tp), Italy

Abstract Correspondence:
Oogenesis in fishes follows a universal plan; yet, due to differences in the syn- Richard S McBride,

: : ; National Marine
chrony and rate of egg development, spawning frequency varies from daily to once e biertes Hervloe
i ies Service,

in e during different sea- Northeast Fisheries

sond DOl . 10 1111/.|:af 12043 n {i.e. capital breed- Science Center, 166
ing) . . . ughout a prolonged Water Street, Woods
Hole, MA 02543,

USA
Tel: +508-495-2244

spawning season, allocaling energy direcily to reproduction {(i.e. income breeding).
Capital breeders tend to ovulate all at once and are more likely to be distributed at

boreal latitudes. Income breeding allows small fish to overcome allometric con- Pax: +508-495-2115
straints on egg production. Income breeders can recover more quickly when good- E-mail: richard.
feeding conditions are re-established, which is a benefit to adults regarding bet- mcbride@noaa.gov
hedging spawning strategies. Many species exhibit mixed capital- and income-

breeding patterns. An individual's position along this capital-income continuum Received 25 Jul
mav <¢hift with ontnoenv or in relation ta environmental conditione e hreadine 20012
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Presentation Notes
This talk is based on a collective effort that appeared recently (spring, 2015) in ‘Fish and Fisheries’

This title reflects the basic elements of capital-income breeding, focusing energy, its acquisition and allocation.

This collaboration arose from a working group of the  Northwest Atlantic Fisheries Organization, which I co-chaired with Stelios Somarakis (Hellanic Center of Marine Research)
to examine the effects of food supply on reproductive success in fish stocks. 
Let me begin by acknowledging them: point out names/nationalities. 

   _______________________________________________________

Northwest Atlantic Fisheries Organization Working Group on Reproductive Potential.
Term of Reference #2: Explore and investigate the potential effects of changes in water temperature and food supply on reproductive success in selected marine species and stocks. 
ToR2 co-chairs: Richard McBride (NMFS, NEFSC) & Stylianos Somarakis (HCMR, Greece). 

EU funding the Fish Reproduction and Fisheries (FRESH) conferences and workshops (COST action [FA0601)]).

The results of our working group were published this spring (2015) with ‘Fish and Fisheries’. 
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39 species (lampreys — flounders)
Freshwater, Diadromous, Marine
Reviewed in McBride et al. (2015) Fish and Fisheries.
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There are many species that are unambiguously capital or income breeders (focus on left and right side of screen).

But there are many species that use both strategies to  some degree, some emphasizing one or the other perhaps, but demonstrating a conditional ‘mixed-type’ strategy.

In the short time I am allotted here, I cannot provide much detail on this, but this is a major part of the F&F article, describing the pros and cons:
Stored energy requires energy so it does not maximize conversion efficiency
But storing allows energy gained during a favorable feeding season to be shifted to reproduction at a time when it is most advantageous to propagule survival
Still, then environmental cues providing during feeding are disassociated from environmental cues during the spawning season (so they could be mismatched)

The take-home message here: the spatial and temporal scales of the spawning cycle are very different at the opposite extremes, but these mixed-capital-income strategies evidently allow more flexible responses to unpredictable environments.
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