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A couple points from last week

Montastrea
M.annularis complex (3 spp)
M. cavernosa

SRR i ) o .
Curacao (image http://educationabroad.global.usf.edu/

index.cfm?FuseAction=programs.ViewProgram&Program_|D=23078

Porites lobata Acropora spp. “The Protean Genus” (Wells)

Acropora tidbit from last week

Nutrient uptake, eutrophication and coral-algal interactions

Acropora branch in cross-section
SEM and tomography (Advanced
Aquarist’s online magazine
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Nutrient uptake, eutrophication and coral-algal interactions
Examples of ambient seawater concentrations:
Orpheus Island, Australia 0.1 pM NH,*, 0.08 uM PO,

(Jompa and McCook 2002)

Kaneohe Bay, Hawaii (1989-1992) 0.21 uM DIN, 0.04 uM SRP
(Laws and Allen 1996)

ENCORE control patch reefs (One Tree Island, Australia)
~4 UM DIN, 0.2 uM PO>
(Koop et al 2001)

Waikiki Aquarium NOg 5 uM; NH, 2 uM, PO, 0.6 uM
(Atkinson et al. 1995)

Proposed threshold: 1 uM DIN; 0.1 uM SRP (Bell 1992 Water Res 26:553-68; Lapointe
1997. L&O 42:1119-31).
Above which, predicted rapid phase shift to macroalgae.

Relative Dominance Model

Littler MM and Littler DS. 1984. Models of
tropical reef biogenesis: the contribution of
algae. Progress in Phycological Research 3: 323-
364
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Case Study: Kaneohe Bay, Hawaii

Reduced coral cover and overgrowth by
- Dictyosphaeria cavernosa reported early
1970s (may have begun earlier).

Attributed to release of nutrient-rich
sewage into the bay. ~75% of N & P
input.

Sewage diverted offshore 1977-8 (South
Bay and 1986 (North Bay).

Coral cover increased, water quality
improved, macroalgae decreased. Used
as an example of reef recovery.

Stimson et al. 2001. Coral Reefs 19: 343-57.

Dictyosphaeria cavernosa

Photos: University of Hawaii Botany
Department

3
Kaneohe Bay, Hawaii (1989-1992) 0.21 uM ¥
DIN, 0.04 uM SRP g
(Laws and Allen 1996)
ENCORE control patch reefs (One Tree s
Island, Australia) . e
~4uM DIN, 0.2 uM PO, ] | e

(Koop et al 2001) |

o

alion wire sl s o ot g
T gl 126 the cobas M sEiliotn

Dictyosphaeria cavernosa aren’t being grazed enough
H1: Reduction of herbivores
H2: Introduction of delicious invasive algae

Gracilaria salicornia “Gorilla ogo”
Target of “super sucker”
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Case Study: K he Bay, Hawaii
Dictyosphaeria cavernosa aren’t being grazed enough ase >tudy: Ranecne Bay, nawall

H1: Reduction of herbivorous fishes
H2: Introduction of delicious invasive algae

Removing sewage is good...now comes
the hard part...

Summary of lah preference test for acanthurids

Test 1 2 3 a 5 Average rank  Average rank What do we do about run-off, sediment
(out of 5) fout of 43 . .
sources of nutrients, introduced algae,

umber g:f;’f:;‘m S S possible reduced herbivore loads?
offered

splelfira 1 1 1 [ 1
Dictyasphacria cavernosa [T T T T T T T
Graellara saleomia k) 3 3 L3 ANEOHE BAY,
Kappaphyeus alvarexil 23 4 2 2 275
Pading jponica 5 4 5 a7
Summary of lab preference tests for scarids
Test 1 2 3 a Average rank  Average rank

(outaf 4) (outof 1)

Number of fish tested & 5 7 3
Number of algal species 5 2 3 2 1 1
affered

spicifers 1 1 1 3 k)
Dictyasphaeria cavernosa [_4 3 3 2 7]
Grazdaria saliomia T ]
Kappaphyeus abvarezii 5 4
Padina japonica 2

Stimson et al. 2001. Coral Reefs 19: 343-57.

ENCORE: The Effect of Nutrient
Enrichment on Coral Reefs.

1. Experimental Design and Research gz

16-25 m across

Programme Ponded at low tide
AR ST, e e - Centizel, 03, (0P

10 x background enrichment
(10uM N, 2 uM P)

2 year experiment

Fertilization 2 x daily (low tide)

TABLE 3
TABLE 2 Comparison of stimated daily loadings of inarmuic N and P for ambient, lowlaading phase and bigh-kading phase of the ENCORE study™
Summary statistics of average initial and final nutrient concentrations (uM) of witrogen and phosphons in ENCORE patch o O

Treatment Nitrogn Phosphorus e F—

- Mean N Mean O Mo DN - Mo PO D NP Duratian () Coucentration ding Concentration Loading,
Tnirial conemration {mmol ) (ol i~ day~t) (ol ety (rmmol - day~'}
Cantral 21 065 (0.59) 204 350 216 0.20(0.06) 1470
Low-loading phase ] 1145 (435) 294 1439 47 234098 615 "“f::m'“ ‘ff ‘? :'g I(;ﬁ o 22” g’-i‘ 06
Higlloading phase 5} 3620 (2187 204 3914 12 S14(281) 761 [ K e ey B Tolan,
Final eoneentration “Numbers in parentheses in loading colums are the number of tines ambient loads were excooded  Ambiont conditions were assumed 10 be
Contral 21 134 (@.57) 294 428 215 0.16(0.04) 2675 0.65 WM NH. and 6.2 uM PO with 3 water veloxity of 1015~ for a period of 18 b (to take account of an aerage of 3 b each bow tice when
Low-loading phase @ 91 (0.79) 294 T a8 0.52(0.3) 740 the One Tree Tsland lagoon is separated from the ooean)
Highloading phase B 11,30 (10.20) 204 1424 1 240(1.61) 93

" Data are eakulbited from all measuremen s of nutients in eontro] patch weefs and from all measurements from pateh reefs to which nitrogen (i
N and + N+P)and phosphonss (Le. +P and +N -+ P) were added. Relevant nitropen-to-phosphorus ratios ae alio shown,

10 x the initial nitrogen concentration but only 2 x the loading.

Not much happened (~14 mo)....so let’s try “high-loading phase” (~13 mo)
n initial phase, pulses would reach background after 2-3 hours Even with high loading experiment, didn’t see big changes in algal abundance/cover.

n high loading phase NH4+ was still ~11 uM by end of low tide.
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PR * Plot s show two different Pocillopora 2 04
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n Fig. 21 Popubiion density of zoomnibelbe in S pifiaa afier ex-
posure to +N, +Pand +M + P during the second phase of the
" ENCORE experiment.

Why aren’t nutrient concentrations the whole story?

Proposed threshold: 1 uM DIN; 0.1 uM SRP
Above which, predicted rapid phase shift to macroalgae.
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H H = Kaneohe Bay, Hawaii (1989-1992) 0.21 pM DIN, 0.04 uM SRP
£ E
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Why aren’t nutrient concentrations the whole story? Why aren’t nutrient concentrations the whole story?

[

: L st
P e
Y I

Fig. | The role of the dilusive boundary layer, Uy i the
water velociry cver the reet. £ the bulk concentration of
¥ the ndvected mutrient flux density, and avehe flux of nutries
the cesal

Vg 4 Uptaks of 10, during lows
s i -

Atki MJ, Falter JL, H CJ. 2001 Nutrient d ics in the Biosphere 2
Hearn CJ, Atkinson MJ, Falter JL. 2001. A physical derivation of nutrient-uptake rates in inson atter ) carn B OIS CPRETITES (1) E IS TN

coral reef mesocosm: water velocity control NH4 and PO4 uptake. Coral Reefs
coral reefs: effects of roughness and waves. Coral Reefs 20: 347-356. 20: 341-6
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Example of Herbivore* Nutrient experiment

Diasce = NH, e PO,

@ Fartitzer pot @ Fertitzer pot HERBIVORE ACTIVITY
= 3 i Hersivers sxcivaion i Horsivors sxciusion LOW HIGH
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Smith JE, Smith CM, Hunter CL. 2001. An experimental analysis of the effects of herbivory
and nutrient enrichment on benthic community dynamics on a Hawaiian reef. Coral Reefs
19:332-42.

Figure 3. Fish biomass (A) and abundance (B), and cover of major benthic functional groups (C) across the
northern Line Islands.
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Sandin SA, Smith JE, DeMartini EE, Dinsdale EA, et al. (2008) Baselines and Degradation of Coral Reefs in the Northern Line Islands. PLoS ONE

3(2): e1548. doi:10.1371/journal. pone. 0001548
PLOS | o+

htos 1371 . pone.0001548

Figure 4. Size frequency distribution of corals (A), and coral disease prevalence and recruit density (B) across the
northern Line Islands.
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Kyphosus vaigiensis
Brassy chub (Lowfin chub?)
Encyclopedia of Life

Naso unicornis
Bluespine unicornfish
(Acanthuridae)




