Importance of migratory mode and life history to extinction risk in Acipenseriformes
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The status of sturgeons and paddlefishes (order: Acipenseriformes) is in question worldwide and A o dosotor 04 1 Response variables differed in degree of correlation with taxonomy (Figure 2). Maximum size
almost all species are either endangered or threatened because of anthropogenic factors (Table [ Seaphrynchus albus 02 - : was significantly and positively correlated at the genus level and had significant negative
1). Recovery in these species is limited by their reproductive biology and life-history traits (e.g., s pitorymonus 00 ] O o - 0 correlation at the family level; that is, species of the same genus tend to have significantly
long-lived, large bodied, late-maturing, iteroparous); despite restrictive legal protection most rluso dauricus 0y | © similar maximum size and subfamilies within the same family tended to differ in maximum size.
populations are still not considered to be recovering. L y * Age at maturity, longevity, and F_... were not shown to be significantly correlated with
L e e sFF G SFF taxonomy.
Anadromous species of sturgeons and paddlefishes are considered to be more at risk than non- A ransmontanus 2 ongevity .
migratory species because of their unique life-history characteristics that result in longer H. huso 5 06 The median values of F_,;... were 0.733, 1.312, and 0.774 for anadromous, freshwater
turnover-time (i.e., individuals reproduce at a slower rate causing slower population growth and S . | amphidromous, and potamodromous species, and 0.699, 0.971, 1.505, and 0.668 for species
recovery) and increased interactions with developed coastal landscapes. However, an overall . that grow in brackish water, live entirely in freshwater, are mostly freshwater with short
. . . . . . . . . . A. stellatus £ 7 . . . . . . .
understanding of the ecology, population dynamics, and life-history is still lacking for the majority A, ruthenus e migrations in brackish water, and grow in sea, respectively (Figures 3 and 4).
of sturgeons and paddlefishes and basic metrics of evaluating risk based on migratory mode and . 1 | I — o0
. . rulvescens © . . . . . . . .
habitat are unknown. A. brevirostrum 02 - - In the taxonomic model, age at maturity and longevity had significant positive coefficients for
A persious 04— ——— potomadromous species (p<0.05); F...ic: had a negative coefficient for potamodromous species
Our objectives were to compile data on the current status and known life-history parameters of —E . In both models but was only significant for taxonomy (p<0.01) (Table 2).
Aciperseriformes in order to: 1) test the hypothesis that anadromous sturgeons and paddlefishes
have lonaer turnover-times bv comparina life-histor arameters and extinction risk of species Figure 1. Composite phylogenetic tree of Acipenseriformes from Figure 2. Correlogram of normalized Moran’s | autocorrelation o
J . y .p J y P . p published partial trees. A truncated version of this tree (species in index of age at maturity, maximum size, longevity, and extinction Table 2. Coefficients (standard error
l?ase_d on m|grat0ry r_nc_)de and ha}bltqt; ar_]d 2) quan“fy the effect of ml.gratory mode, habitat, and black font; N = 15) was used in analyses and the generalized rsk (Feinet) fOr taxonomic groups (G = genus; SF = subfamily; and Age at maturity Longevity Foine: within bracke_ts) of Ilneqr models re_latl_ng
life-history in determining the extinction risk of sturgeons and paddlefishes. Importantly, we test estimating equation model to control for phylogenetic correlation; F = family) of sturgeons. Filled circles are statistically significant ?ngoertZTi{;?;l;rg?;é 'C(I”t‘gz\::% an?ofahuei;'lisohrllnt%
: : : : : full life-history parameters were not available for remaining species. <0.05). Variables Taxonomy  Phylogeny — Taxonomy  Phylogeny Taxonomy  Phylogeny
these hypotheses using comparative analysis techniques that control for the non-independence yp 0P P2 ntercept (Anadromous) 1,100 0.357)* 2,633 (0.376)" 2496 (0.756)* 4.809 (0625 09510262 0.194 0278) | rIMCHON (Peyingy) WIth migratory mode,
of species that results from their common phylogenetic history. B R B o R o Migratory mode coefficients are relative
to anadromous species. The taxonomy
_ e c Freshwater amphidromous 0.182 (0.347) -0.780 (0.383) 0.769 (0.488) -0.371(0.634) -0.157 (0.288) 0.401 (0.278) model is a mixed-effects linear model
Family ity 2 2- 5 - with the taxonomic hierarchy included as
Acipen::::e semials e § < E < Potamodromous 0.740 (0.269)* 0.334(0.336) 1.190 (0.428)* 0.589 (0.555) -0.721 (0.216)** -0.461 (0.244) ?nz)ilnecll?smaegfeer?;rgl?;eghgsﬁi?l/ S[?negny
Acipenserinae ) _ "g,: ~ i 'g Al : : ! .
Acpenset j: gf;;:'ostrum \E/U E:Hgmiﬁﬁﬁﬁ :I E (US ESA); SC (COSEWIC); SC, Sched. 1 (SARA) '8 o i — §_ ~ — T equatlon model with a Iog link which
A. dabryanus CR" (IUCN); App. I _ | _ & = 5 ! P~ = 7 Size at maturity 0.009 (0.002)*** -0.001 (0.001) 0.006 (0.003)* -0.006 (0.002) -0.007 (0.002)** -0.001 (0.001) corrects for phylogenetic correlation using
A. fulvescens LC (IUCN); App. II; EN [Saskatchewan-Nelson River populations, Western Hudson Bay populations], SC © 2 i © 2 _— .
[Southern Hudson Bay-James Bay populations], TH [Great Lakes-Upper St. Lawrence populations] g x g % o ! a phy'ogene“c tree; *pSOO5, **pSOO1,
A gueldenstaedtii gzlggﬁ(\;vhl.l?)ﬁxpp I Table 1. Taxonomy and current E = 2 - o < | ***p<0.001.
A medirostris NT (IUCN);jApp.-II;_T(US ESA); SC (COSEWIC); SC, Sched. 1 (SARA) conservation status of order % ;3 ! T
A f;iaggffﬁ | gg%%wﬂpp%_':i;EE((LfJSsEESst) Acipenseriformes. IUCN listings: - £ 3 - |
j: ﬁﬂfifc?fﬂﬁ desotoi frFr{ ((IILLJJ((;PT));,:;?:- IIII;T(US ESA) CR=critically endangered,; E, ;; © . -
Ao ometus - NTUON) 90,1 Camina Cheseaspess B v ok B and euh At OPS) Tlouol— EN=endangered; LC=least concern; £ s- ; I I ; 5 onciusions an F U t ure
A-persicus cR gﬁgm_; Ap. | NT=near threatened; VU=vulnerable; - —_— . H i ——
A. schrencki CR (IUCN): App. CITES listings: App. I=Appendix I; App. ! - hl t ! Ell Il FIB é . .
A g;’;;;fi oR (UGN Ame 1 P ESY lI=Appendix II; US ESA listings: Anadromous am;i?d:z?nizs Potamodromous Enviromment D t
j ;S::;?montanus (I_;g((IILLJJgIL\J));;/?gs-III;;IIEE([LPifoltE;};)i River population] (US ESA); EN [Upper Columbia River, Upper Fraser River, E:endangered; T:threatened’ Migratory life-history I r e C I O n S
e o Upper Kontnay Bt pomasions, Shed 3 LowerFrcer R U Coumbs armper - COSEWIC and SARA listings: . <hi . . . et . i differ
| Fraser Rivr, and Upper Koolenay River popiatons] (SARA) o - E=extirpated; EN=endangered; Figure 3. Feyynq (the fishing mortality needed to drive a species to extinction) for sturgeon species (N = 15) with differing Preliminary results suggest that potamodromous species of Acipenseriformes investigated have
rluse iy OR (UGN, Anb 11T (US ESA) SC=special concern: TH=threatened; migratory modes (left panel) and habitats (right panel; B = growth in brackish water; F = live entirely in freshwater; FB = mostly | ¢ " ; fivelv “s| » life-hist ¢ d a hiah fincti
o Sched. 1=Schedule 1: Sched. freshwater with short migration in brackish water; and S = growth in sea water). Bold line = median; box =interquartile range, (_)nge.r urn over times (i.e., comparatively “slower” life-history parame ers) and a higher extinction
Scaphirhynchinae 2=Schedule 2; (*)=possibly extinct; whiskers = range. risk (i.e., lower F_.. values) when compared to anadromous species. Although not
Pseudoscaphirhynchus P fedtschenkoi CR* (IUCN); App. Il S ] ! . . . . . .
AU A (")=due to similarity of appearance. representative of the entire order (15 of 27 species), these results are in contrast with literature
Scapnimnenue  Sabs L EN(UGN)AppILE (US E) suggesting that anadromous species of acipenseriformes have higher extinction risk than non-
_— S sutthust CR (UGN, App. I, E (US ESA 175 S 175 migratory species. However, all conclusions are based on preliminary results and models are in
PO%?:T;;Z‘:: P. spathula VU (IUCN); App. Il; E (COSEWIC); E, Sched. 1 (SARA) o 7 O o 7 O need Of fu rthel‘ development.
Psephurus P gladius CR* (IUCN); App. Il bx 12(5) ® bx 12(53 A
S ooo o © ..' s ° e AAA A . : ) : :
1 o0~ ) o ~ Moving forward, we will further refine the models in our analyses and incorporate patterns of
h 0 0 spawning migrations (e.g., short single-step, long two-step, etc.) and migration distance. Known
M et O S o ° . . 5 o Lol 5 life-history values will be used to predict unknown parameters for the remaining sturgeon and
> O > O . . . . . . . . .
Data Sources Fal 7 o o ® ° ' . sl paddlefish species in order to quantify the effects of life-history and migratory mode on extinction
o e risk.
-Conservation status, maximum reported size, longevity, size at maturity, age at maturity, 8 ,
fecundity, spawning interval, migratory mode, and habitat data were obtained for sturgeons and ” } o A ) Se I eCted Refe rences
paddlefishes (complete data were available for 15 species). T 10 o .' ° T o] o AA A,
-EXt|nCt|0n r|Sk was eSt|mated as f|Sh|ng morta“ty necessary 1{0) dnve a SpeC|eS 1{0) eXt|nCt|On E 100 - © O E 100 - . Bemis, W. E., and B. Kynard. 1997. Sturgeon rivers: an introduction to acipenseriform biogeography and life history. Environmental Biology of Fishes 48:167—183.
(Fextinct; Myers and Mertz 1998’ GarC|a et al 2008) 52 | Oloo | | | | | | | 52 | .. | | | | | | | Billard, R., and G. Lecointre. 2001. Biology and conservation of sturgeon and paddlefish. Reviews in Fish Biology and Fisheries 10:355-392.
a = eXp(Fextinct(amaturity — asel + 1))(1 — exp(—(M + Fextinct))) 500 = 500 S Birstein, V. J., P. Doukakis, and R. DeSalle. 2002. Molecular phylogeny of Acipenseridae: nonmonophyly of Scaphirhynchinae. Copeia 2:287-301.
Where a |S annual reprOdUCt|Ve ra‘te Corrected by Sex ra‘“o’ asel |S the age at Wh|Ch f|SheS enter :22 :22 Dulvy, N. K., J. R. Ellis, N. B. Goodwin, A. Grant, J. D. Reynolds, and S. Jennings. 2004. Methods of assessing extinction risk in marine fishes. Fish and Fisheries 5:255-276.
the ﬁshery (| .e.’ 1) _ S 200 - .o S 200 A A S%Céz_\égB L. O. Lucifora, and R. A. Myers. 2008. The importance of habitat and life history to extinction risk in sharks, skates, rays and chimaeras. Proceedings of the Royal Society B
-Natural mortality (M) was calculated using indirect approaches (Hoenig 1983; Jensen 1996). 100 - 0C ® o 100 - o A | o - | | |
0 o0, : : : , : : 04— ol : : : : Gittleman, J. L., and M. Kot. 1990. Adaptation: statistics and a null model for estimating phylogenetic effects. Systematic Zoology 39:227-241.
. 2 2 Hoenig, J. M. 1983. Empirical use of longevity data to estimate mortality rates. Fishery Bulletin 82:898-905.
Data analysis sy © sy o | | | | o o |
. , . . . 5 o O o 5 ® Jensen, A. L. 1996. Beverton and Holt life history invariants result from optimal trade-off of reproduction and survival. Canadian Journal of Fisheries and Aquatic Sciences 53:820-822.
-Correlogram analysis of Moran’s | index of autocorrelation was performed to assess importance i 1{ o © o R ° A — . | R
f phylogeny on response Variables to determine distribution Of Ilfe history parameters and w . 5 OO °o® . o W . o A A R o Myers, R. A., and G. Mertz. 1998. The limits of exploitation: a precautionary approach. Ecological Applications 8:5S165-S169.
O - . .
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-Taxonomy model: taxonomic arrangement was included as a random effect in a mixed-effect Viaximum size (om) Maximum size (om) Evolution 42:854-862.
linear model to correct for any phy|ogenetic effects reflected in the taxonomy. Figure 4. Relationship between longevity (a_.: estimated as maximum observed age), age at maturity (a..), Size at maturity (s, ), Pikitch, E. K., P. Doukakis, L. Lauck, P. Chakrabarty, and D. L. Erickson. 2005. Status, trends and management of sturgeon and paddlefish fisheries. Fish and Fisheries 6:233-265.
_Phy|ogeny model: fitted using genera"zed estimating equations tak|ng Into account phy|ogenetic anr.]uall correpted reproductive ra’Fe (d), and extinction. risk (Feyinc €Stimated as fi.shing m(?rtality necessary to (.jrive a species to Pinheiro, J., D. Bates, S. DebRoy, D. Sarkar, and R Core Team. 2017. NLME: linear and nonlinear mixed effects models. R Package Version 3.1-131.
Correlation in traits_ Phylogenetic tree was bU”t from topologies taken from different Studies extinction) with maximum body size in sturgeon species (N = 15). Left panel depicts relationships based on migratory mode R Core Team. 2015. R: a language and environment for statistical computing. R Foundation for Statistical Computing, Vienna, Austria.
: (anadromous = open circles; freshwater amphidromous = grey circles; potamodromous = black circles) and right panel depicts o N o |
(F|gure 1) relationships based on habitat (open circle = growth in brackish water: grey circle = live entirely in freshwater; black circle = mostly Rochard, E., G. Castelnaud, and M. Lepage. 1990. Sturgeons (Pisces: Acipenseridae): threats and prospects. Journal of Fish Biology 37:123-132.

freshwater with short migl‘ations in brackish water; open triangle = gI‘O\Nth INn sea Water)_ Thorson, J. T., S. B. Munch, J. M. Cope, and J. Gao. 2017. Predicting life history parameters for all fishes worldwide. Ecological Applications DOI:10.1002/eap.1606.




