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Our ocean Is changing !

-
O LOCAL scale (Human activity)

® Pollution
® Eutrophication

® Hypoxia

GLOBAL scale (Climate change)
Ocean acidification

Ocean warming

® o o []

Sea-level rise



Ocean acidification—pCO, elevated, pH decreased

v'The atmospheric CO, concentration could reach 750- 1000 ppm, which would reduce the global surface
water pH by 0.3-0.4 units, by the end of the 21st century (RCP8.5, IPCC 2013).

v'In highly dynamic coastal or upwelling areas these changes could be even greater (Cai et al., 2011;
Hofmann et al. 2011).
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Effects of OA on species and ecosystems

O Ocean acidification are predicted to alter marine ecosystems due to
differences in the relative sensitivities of species to elevated CO, and the
subsequent effects on intra- and inter-specific interactions.

O The fossil record of past mass extinctions provides clear evidence of the
rising CO, impacts on regional scales and over vast timescales.

O Evidence already exists for changes in community composition or
function, as shown in present day areas with naturally high pCO,, or reveal
smaller-scale changes within guilds as even similar species respond

differentially to this climate stressor.



Save Our Seas!




Sea cucumbers (Holothurians), worm-like soft-bodied echinoderms

-
® Key components in marine ecosystem.

® Inhabit almost all marine habitats from tropical to polar areas, from the shores
to deep ocean trenches.

® Dominate the biomass in benthic communities.



Ecological significance

-
® play an important role in recycling nutrients and

carbonate as ecosystem engineers (Uthicke
2001; Schneider et al. 2011).

® used in integrated multitrophic aquaculture
systems worldwide (Yuan et al. 2015b; Zomora
et al. 2016).



Economic significance
-
® approximately 1200 known sea cucumbers, of which 70 are harvested
worldwide.
® have been used for centuries throughout Asia in traditional medicines and
health foods (Yang et al. 2015).
® a market value of >5 billion US$ per annum in China alone (Zhang et al.
2015).



Interesting features

® sea cucumbers are less-calcified compared with other
echinoderms such as sea urchins.

® ocean acidification (partly) caused previous mass
extinction such as the Permo-Triassic event, but sea
cucumbers survived (Knoll et al. 2007; Clarkson et al.,
2015).



OA study has been sharply increased in the last 10 years



Sea cucumbers have been understudied.

Limited work on early-life stages in Holothuria spp. and
Apostichopus japonicus (Morita et al. 2010; Yuan et al. 2015), acid-base
physiology in H. scabra and H. parva (Collard et al. 2014), effects on the
bioenergetic trade-offs of A. japonicus (Yuan et al. 2016), and carry-over

effects of Cucumaria frondosa (Verkaik et al., 2016).



Research progress----species level
N S ..

1. Gonad development

2. Early development

3. Acid-base balance

4. Feeding and energy trade-offs
5. Anti-predation behavior

6. Skeletal responses



1.Gonad development

Gonad index decreased and oocyte density lowered in 10-week exposure



Oocyte quality and egg performance changed in Cucumaria frondosa (Verkaik et al., 2016).
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No obvious GI changes in Holothuria forskali occurred during a long-term
period of 22 wks(Yuan et al., unpublished).



2.Early development
-

A significant decrease in flagellar motility was detected with reductions in 73% of
sperm motile at pH8.0, 72% at pH 7.8, less 30% at pH <7.7

Holothuria spp. (Marita et al., 2009)



A. japonicus (Yuan et al., 2015)

®The impact of pH on developmental time was stage dependent: (i) stage duration
linearly increased with decreasing pH in early-auricularia stage; (ii) decreased
linearly with pH in the mid-auricularia stage; but (iii) had no effect on the late-
auricularia stage.

® Overall, there was no significant effect of pH on the auricularia growth rate. At
the end of the experiment, the size of the doliolaria larvae linearly increased with
decreasing pH.

®In conclusion, a 0.62 unit decrease in pH had relatively small effects on A.
japonicas early life-history compared to other echinoderms, leading to a maximum
of 6% decrease in post-fertilization success and subtle effects on growth and
development.




3.Colemic acid-base balance

Sea cucumbers surprisingly showed no or a very
low compensation of fluid pH under
acidification, suggesting that more efficient gas
exchange structure may be present in
holothurians (Collard et al., 2013; 2014).



& H. forskali did not show an obvious acidosis in its
coelemic fluid at both weeks 4 and 22 when exposed to
elevated pCO,, although accompanied by a marked but
slight increase in coelomic pCO, and [HCO,] at week 4
in 1000 ppm treatment.

®illustrating a slight or weak compensation in
bicarbonate buffer system after a slow and long-time (4
weeks) acclimation (Yuan et al., unpublished).




4.Bioenergetic trade-offs
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A. japonicus (Yuan et al., 2016) Holothuria forskali (Yuan et al., unpublished)



Table 2  Energy allocation of A. japonicus exposed to different pH
levels during 60-day experiment

EffectivepH C F(%C") U@%C") R@®%CH) G %ChH

8.06 100 [52.7+0.9% | 3.1+0.1* 392+1.2%| 5.0+05°
7.72 100 [50.9+3.1* | 3.5+04* 42.0+2.1%| 3.6+1.5%
7.41 100 |55.6+3.3% | 3.1+04* 388+3.7% 2.6+1.3°

Values (expressed as mean+ SD, n=4) with different letters in the same
column were significantly different from each other (¥p <0.05, Tukey’s
test). C is the energy consumed in food, G is the energy deposited into
growth, F is the energy lost in feces, U is the energy lost in excretion, and
R is the energy loss for respiration

A. japonicus (Yuan et al., 2016)



5. Anti-predation behavior
-
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Holothuria forskali (Yuan et al., unpublished)



6. Skeletal responses
N S ..

Cucumaria frondosa (Verkaik et al., 2016).



Table 2 Concentrations of Ca and Mg in gssicles and calcareous rings in H. forskali

under different pCO- treatments. Values (expressed as mean = SD, » = 3) with

different letters in the same column were significantly different from each other (p <

0.05)..
Treatments: Qssicless o Calcareous rings« @ B
Ca- Mg- Ca- Mg .
400 ppme 27.5440.91a- 2.23+0.07a- 26.72+1.80a- 2.29+0.18a |,
750 ppme 26.75+1.70a¢ 2.2220.08a- 28.6840.29a- 2.41+0.73a- |,
1000 ppm- 26.61:!:1. 2.19=0.14a- 28.14£0.62a- 2.37£0.68a- |,

Holothuria forskali (Yuan et al., unpublished)




summary
-

Limited researches of OA on sea cucumbers.

High species-specific.

Resilience of holothurians to OA compared to other echinoderms.
The tolerance of sea cucumbers to OA could partially explain the
resilience of sea cucumber (vs. high mortality in other echinoderm
groups) during previous mass extinction partly caused by OA such as

the Permo-Triassic event.



Winner or loser? ?

Not answer but give the question !



Future prospects

Ocean acidification + warming

More holothurian species studied (polar, temperate, tropical...)
Trans-generational, carry-over effects

Behavior (competition, predation, food chains...)

From individuals to ecosystem

Mesocosm-based, long-term test
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