Class 15: Pollution effects

High Deep-Sea Diversity,
Effects of Pollution on
Benthic Community
Structure: West Falmouth
Oilspill & Boston Harbor
Pearson & Rosenberg vs.
Hubbell’s neutral model

Class 15: Tu Oct 21, 2008
EEOS630

Slide 1 High Deep-Sea Diversity, Effects
of Pollution on Benthic Community
Structure: West Falmouth Oilspill &
Boston Harbor

Pearson & Rosenberg vs. Hubbell’s neutral
model

NOTES:

Projects

® |'m working on datasets and references for
the topic, “Assessing the effects of OCS ol
drilling on marine benthos”

e You will have 1 month once the final papers
and topics are assigned (Project 2 will be
reduced in scope & intensity)

» | am working on the Matlab datasets and
programs. Using Matlab will be one of the
options. I'll introduce the topic with a movie.

> | hope to have the projects posted this week.
» The first Matlab session will be Thursday night,
starting at 7. Log on anytime until 10. EEOS630

Slide 2 Projects

NOTES:

Background papers

Bell, G. 2001. Neutral macroecology. Science 293: 2413-
2418.

Hughes, R. G. 1986. Theories and models of species
abundance. Amer. Natur. 7128: 879-899.

EEOS630

Slide 3 Background papers

NOTES:
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Class 15: Pollution effects

Slide 4 Goals of today’s class

Goals of today’s class
Effects of pollution on benthic communities

® Overall theory: Pearson & Rosenberg vs. .
Hubbell’'s neutral model of biodiversity NOTES:

® How can you determine whether a pollutant

has affected community structure?

» BACI designs: before-after controlled impact
experiments

» Benthic index development
= EMAP approach
= Southern California Bight Index
= Borjas European index

Slide S Pearson & Rosenberg vs. Hubbell

Pearson & Rosenberg vs. Hubbell

Hubbell & Bell’s neutral models: not successional

Pearson & Rosenberg, Hubbell’s
Rhoads et al. (1978) Neutral model
® Unidirectional ® Ecological drift; stochastic
Succession equilibrium NOTES:

® Opportunistic species @ All individuals & all
replaced by equilibrium species equivalent

species
® No metacommunity ® Emphasis on

dynamics metacommunity dynamics
® Relatively silent on e A theory for species

species diversity, except ~ abundance curves
for SAB curves

Slide 6 West Falmouth Oilspill

West Falmouth Oilspill

St. 9: Capitella &> Mediomastus

NOTES:
Both are capitellids, members of the polychaete
family Capitellidae, Mediomastus ambiseta is the
most abundant macrofaunal species in the EMAP
Virginian province (Nantucket to Virginia)
Eugene Gallagher @ 2010
Page 2 of 27
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Class 15: Pollution effects

Station 9: heavily oiled

PCA-H display CNESS distances, m=18, Cluster
membership as hulls: A unidirectional succession, see
Grassle & Smith (1976)

Slide 7 Station 9: heavily oiled

NOTES:

o8 PCA-H Axi:1 (37%) o EE08630
Slide 8 West Falmouth Oilspill
West Falmouth Oilspill
Station 9: a heavily oiled nearshore station
ePatterns

> Initial amphipod mortality
> Early Capiteila dominance Nophtye
» Syllides verrilli, perhaps a predator, incisa
& 2 gastropods (Cylichna oryza &
Odostomia sumneri) increased in
relative
» Another capitellid, Mediomastus
bi: the natural domi in
Buzzards Bay increased after year
> Diversity
= Species richness remained high
= Evenness strongly affected
= Drastic departures from log-series
expectation

Nephtys
picta

PCE Axis 2 (16%)

NOTES:

05

> Very rapid succession PCAHAXs 1(37%)

Rarefaction, Station 9

Highest alpha diversity immediately after the spill!

0 2000 4000 6000 8000 10000

Rarefied sample size EE08630

Slide 9 Rarefaction, Station 9

NOTES:

Page 3 of 27
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Class 15: Pollution effects

West Falmouth: Station 9

Shannon's H'

Plelou's J'

Major effects on evenness (not richness) 1y after spill;
Note: Shannon’s H’ is sensitive to evenness

0 200 400 600 800 1000

EEOS630

Slide 10 West Falmouth: Station 9

NOTES:

Stn 35: less affected than

Stn 9

Succession is seasonal, not unidirectional; noted by

Grassle & Smith (1976, Oecologia)

PCAH Axis 2 (16%)

PCA-H Axis 2 (16%)

PCAH Axis 1 (32%)

o
PCA-H Axis 1(32%)

Slide 11 Stn 35: less affected than Stn 9

NOTES:

Pearson & Rosenberg vs. Hubbell

Directional succession vs. Hubbell’s neutral

theory/ecological drift

Vs.

EEOS630

Slide 12 Pearson & Rosenberg vs.
Hubbell

NOTES:

Eugene Gallagher @ 2010
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Class 15: Pollution effects

Hubbell’s (2001) neutral model

Fisher’s a = 8 = Fundamental Biodiversity Number

oFisher’s a = Hubbell’s 6=2 J,,v
> © = Fundamental Biodiversity Number
> J, = metapopulation size
» v = speciation rate
o0n the local scale, species are drawn from
the metacommunity, with a rate set by the
migration rate, an m of 0.9 indicates that
90% of the individuals on the local scale
are drawn from the regional pool & 10%
from local reproduction
eEcological drift alters species abundance
distribution from log-series like to log-
normal (S-shaped dominance curves)
> Ecological drift with relatively low migration rates
leads to the local loss of singleton species
> A high frequency of singletons can only be modeled
with high migration, m
eClose fit to the log series indicates high
immigration

Slide 13 Hubbell’s (2001) neutral model

NOTES:

Dominance curves for Boston
Harbor

A: Broken stick
B: Log series
C: Lognormal

No. of individuals

12
0

Spocles In rank order
Fisher et al. (1943): log series; Preston lognormal, Caswell’s
neutral model: log series; Gray: benthic communities are

lognormal; Hubbell’s (2001) neutral model predicts S-shaped
curves; Hughes (1984, 1986): Benthic dominance curves are
usually concave up, not log series & certainly not lognormal

Slide 14 Dominance curves for Boston
Harbor

NOTES:

Simulation of Hubbell’s Neutral
model

Simulation from U. Washington Ecology website

EEOS630

Slide 15 Simulation of Hubbell’s Neutral
model

NOTES:

Eugene Gallagher @ 2010
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Class 15: Pollution effects

Neutral model programs

Based on Hubbell (2001)
e Hubbell (2001) described algorithms but did not provide programs
» Oksanen provides R programs to simulate Hubbell's neutral model. See his
website for an expostion of the model
» http://cc.oulu.fif~jarioksafindex.html
o McGill (2003) criticized the neutral model and provided Matlab software
to fit the model
> McGill, B. J. 2003. A test of the unified neutral theory of biodiversity. Nature 422: 881-885.
» http://iwww.brianmcgill.org/zsmcode. html
e Volkov et al. (2003) propose analytical solution
> Volkov, I, J. R. Banavar, S. P. Hubbell, and A. Maritan. 2003. Neutral theory and relative species
abundance in ecology. Nature 424: 1035-1037
» Volkov et al. Provide c routines to generate distribution
» McGill programs Volkov et al. Analytical solution in Matlab & provides copies on
website (see above)
® Chisholm & Burgman (2004) Ecology 85: 3172 argued that disturbance
recovery needed to be a parameter in the model
» Hubbell & Borda-de-Agua (2004) Ecology 85: 3175. defended theory & provided 2
C routines for Hubbell (2001) model

Slide 16 Neutral model programs

NOTES:

Zooplankton data appear to fit the
neutral model

McGowan & Walker (1993) Hubbell (2001)

EEOS630

Slide 17 Zooplankton data appear to fit
the neutral model

NOTES:

Spector’s neutralized Hughes
(2005) model

®Hughes, R. G. 1984. A model of the structure and dynamics of
benthic marine invertebrate communities. Mar. Ecol. Prog.
Ser. 15:1-11.
> Cited by Hubbell (2001) as offering a dynamic model with
some similar predictions to the universal neutral diversity

eLotka-Volterra like dynamics
> Gregarious larval settlement from an external pool of larvae
> Random catastrophes key to producing concave up
dominance curves
eLike Huston’s dynamic model for deep-sea
diversity, disturbance plays a key role in
i the relative of species

"the concave-up pattern resulted from

eSpector: ...
random catastrophe disrupting the deterministic
forces of the model, which would, in the absence
of catastrophe, produce a flat dominance-

diversity curve.”

Slide 18 Spector’s neutralized Hughes
(2005) model

NOTES:
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Slide 19 Spector (2005 M.Sc.)

Spector (2005 M.Sc.)

NEUTRALIZING HUGHES’S 1984 MODEL FOR RELATIVE SPECIES

ABUNDANCE IN BENTHIC COMMUNITIES

NOTES:

ﬁTotaI Abundance

Slide 20 Non-dimensional diversity

Non-dimensional diversity

Comparison of Sanders rarefaction to log series

Echo-1 deep-sea data from Wilson & Hessler
eNon-dimensional diversity curves NOTES .
» Generate a rarefaction curve *
» Generate the log-series rarefaction
» Divide the observed diversity at each n by the
log-series expectation
» Non-dimensionalize & scale by dividing
numbers by the species total and expected
species by observed total species
eStraight line indicates log-series fit

oA deeply dipping curve indicates less
evenness than log series

As noted by May (1975), Hughes

(1984) & Hubbell (2001), Benthic

communities follow a modified log
series distribution

7
/

E(S,) () & log-series (o)

Rarefied sample size, n

Slide 21 Wilson & Hessler’s deep-sea

Wilson & Hessler’s deep-sea data, data, close fit to log series & neutral model

close fit to log series & neutral

model
McGill 2003 algorithm: [J=88, S=65]; 8=148, m=0.99
The long tail of singletons, 52 in this sample, can only .
be met by immigration=0.99; a=128+16 NOTES:
Non-tmesionl dversiy v. sbundanca ©

3] E=
C
©
©
c
=}

— Q
<<
)
=
©

o E s 5
Species Rank
Eugene Gallagher @ 2010
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Non-dimensional diversity

Samples <0.75 or >1.25 may indicate severe
disturbance

Inshore Station 9 Offshore Station 35

Slide 22 Non-dimensional diversity

NOTES:

EEOS630

Oct. 1969 Station 9

16=12.17, m=0.6:
i 500 iterations

Fit with McGill’s (2003, Nature) Matlab program of
Hubbell’s neutral model
13 of 40 species are singletons
Fisher's a=11.0 1.7

olkov et al.’s (2003,

Nature) analytical

model allows theta
and m to be fit without

random simulations,
but there is still a lot of
computer time
involved

Slide 23 Oct. 1969 Station 9

NOTES:

West Falmouth April 1970

Fisher’'s 0=3.8 * 1.2; 10 species, 50 individuals

Slide 24 West Falmouth April 1970

Eugene Gallagher @ 2010

Inshore Station9 NOTES:
4 8=5.5, m=0.9;
) *1 100 iterations
EEOS630
Page 8 of 27
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Slide 25 August 1970, Station 9, Heavily

August 1970, Station 9, Heavily Impacted; Oil affected 1970 recruitment
Impacted; Oil affected 1970
recruitment
10826 individuals, 61 species, 17 singletons;
Fisher’s a= 8.5 * 1.1; 8=7.1, immigration rate is 93%, but NOTESZ

the fit is very poor; extreme dominance by
Mediomastus ammbiseta

. | Inshore Station 9 :k;:i:j:\jts%\¥
B 14 AN
% W‘””D‘ﬂﬂ 10°] | S

"16=7.1, m=0.93;
1100 iterations
*IMcGill Fit to ZSM

3 2 g
Log non-dimensional abundance “ o = B @ 0

Slide 26 What causes deviations from log
What causes deviations from log series? Disturbance.
series? Disturbance.

Time since disturbance seems to be a major factor.
Spector (2005)

NOTES:

EEOS630

Slide 27 Huston’s 1979 dynamic

Huston’s 1979 dynamic
(non- equilibrium) model (non- equilibrium) model

Based on Lotka-Volterra competition equations;
Intermediate disturbance & growth rates lead to

Z highest diversity
5}
5 NOTES:

Frequency

of reduction
a

Growth Rate

Eugene Gallagher @ 2010
Page 9 of 27
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Slide 28 Station 9, Theta & m for Station
Station 9, Theta & m for Station 9 9

Joan Tracey Seguin: theta is nearly always equal to
Fisher’s alpha for benthic communities and m is
usually > 0.9

NOTES:

EEOS630

Slide 29 Station 35 fit to the neutral model

Station 35 fit to the neutral model
Fisher’s alpha = Hubbell’s theta

NOTES:

EEOS630

Slide 30 Hubbell netural theory: Fisher’s

Hubbell netural theory: Fisher’s alpha vs. Hubbell’s theta, Stn 35
alpha vs. Hubbell’s theta, Stn 35

Joan Tracey Seguin 2006 UMB M.Sc.

Relatively NOTES:

unpolluted
Station 35
Fisher’s alpha

(x) and
Hubbell’s theta

Eugene Gallagher @ 2010
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Slide 31 Hubbell netural theory: Fisher’s
Hubbell netural theory: Fisher’s alpha vs. Hubbell’s theta
alpha vs. Hubbell’s theta

Joan Tracey Seguin 2006 UMB M.Sc.

Heavily
impacted
Station 9:
Fisher’s alpha
(x) and
Hubbell’s theta
(®)

NOTES:

/Note that largest effects on
species richness were 7-10

\ months after spill EEOS630

Slide 32 Conclusions on West Falmouth

Conclusions on West Falmouth

The September 1969 spill had long-lasting effects
® Species richness remained relatively high
throughout the Sanders & Grassle’s monitoring NOTES:

= Similar pattern found in Amoco Cadiz oilspill “Species diversity,
richness and evenness if anything increased after the spill, and
remained at a higher level than the pre-spill conditions until the
end of the sampling period.” Dauvin (1984) after the Amoco
Cadiz spill

® Major effects nearly 1 year after the oil spill:

Extreme dominance by Mediomastus ambiseta &

Nephtys incisa, normal numerical dominance of

the Buzzards Bay benthos (dominants in Sanders’

Station R surveys)

® Major effects on species evenness

Slide 33 Case Study: the recovery of

Boston Harbor benthic communities in the
Case Study: the recovery of || 199¢s

Boston Harbor benthic
communities in the 1990s

Pearson & Rosenberg vs. Hubbell’s (2001) unified .
neutral model NOTES:

EEOS630

Eugene Gallagher @ 2010
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Slide 34 Geology of MA Bay

Geology of MA Bay

NOTES:

EEOS630

Slide 35

NOTES:

Vertical exaggeration 6X

Slide 36 William Wood’s Boston Harbor

William Wood’s Boston Harbor
New England’s Prospect (1634)

= Mudflats NOTES:

= Soft-shelled clams as big
as a loaf of English
whitebread

= Oysters as half as big
around as a keg

= Shore birds so numerous
that in flight they darken
the sky

EEOS630

Eugene Gallagher @ 2010
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Slide 37 17-18th Century pollution

17-18th Century pollution problems
problems

Mill Creek, Site of offal discharge 1656

NOTES:

EEOS630

Slide 38 Calf Pasture Pumping station

Calf Pasture Pumping station

Boston’s first sewage plant: opened January
1884

NOTES:

EEOS630

Slide 39 Boston Harbor 1630 to present

Boston Harbor 1630 to present

From “Mapping Boston”

NOTES:

Rivers dammed, Mudflats

filled £ os630

Eugene Gallagher @ 2010
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Harbor of Shame: Raw sewage, closed Mya beds,
closed beaches & flounder liver cancer

@ 1972: Clean Water Act
@ 1977: Section (301) H
Waivers allowed

@ 1978: Boston proposes
long pipe to MA Bay

@ 1983: Boston submits
waiver application-denied
@ 1984: Boston
resubmits waiver
application

EEOS630

Slide 40 Harbor of Shame: Raw sewage,
closed Mya beds, closed beaches &
flounder liver cancer

NOTES:

Boston Harbor in the 1980s

e 250-500 mgd sewage
effluent, only primary treated,
discharged at Deer & Nut
Islands

® 20 tons sludge daily in
Presidents Roads

» A high percentage of the sludge <
(30%) remained in the harbor S|Udge
® >90% Capitella in Inner dumping
Harbor & Deer Island
Sediments
® Few Ampelisca
® 17% of Winter flounder with Effluent
active liver cancer g
discharge

Slide 41 Boston Harbor in the 1980s

NOTES:

Key dates in the harbor cleanup

—
T erd mon

= Period A
» 1991 Sludge dumping ended
» 1991 & 1992 Monitoring of
Harbor & Bay began
> 1996 New primary treatment
facility at Deer Island
» 1997-2001 Upgrade to
secondary treatment at Deer
Island
= 1998 Period B. Inter-
island transfer tunnel to
Deer Island

= September 2000 Period C.
Offshore 15 km outfall

PERICOD A

PERIOD 8

PERIOD C

Slide 42 Key dates in the harbor cleanup

NOTES:

Eugene Gallagher @ 2010
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Slide 43 The Actors in this Ecological
Play

The Actors in this
Ecological Play NOTES:

EEOS630
- — T Slide 44 The most common animals in
e most common animals in Boston Harbor °
MA Bay sediments: Spionid polychaetes Boston Harbor & MA Bay sediments:
Millions per m’ on Boston mudflats Spionid polychaetes

NOTES:

Slide 45 Chaetozone, new species, a

Chaetozone, new species, a common common polychaete in Boston Harbor
polychaete in Boston Harbor

Feeds on mud at the sediment-water interface

NOTES:

Jim Blake image, ENSR EEOS630

Eugene Gallagher @ 2010
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Slide 46 Capitella sp. Ia, flounder food

Capitella sp. la, flounder food

Can reach 9 cm, dominant in Boston’s Inner Harbor &

Nut Island
NOTES:
Slide 47
NOTES:
Capitella sp. la IS oD o
Deer Island 1988 Winter Flounder Liver Chiordane (ngig dw)

Moore, M., Lefkovitz, L., Hall, M., Hillman, R.,
Mitchell, D., and Burnett, J. 2004. Reduction
in organic contaminant exposure and
resultant hepatic hydropic vacuolation in
winter flounder (Pseudopleuronectes
americanus) following improved effluent
quality and relocation of the Boston
sewage outfall into Massachusetts Bay,

M. Moore Photo I%Séi'e?sm 2003. Marine Poitution Bulfetin.

Slide 48 Capitella fecal pellets

Capitella fecal pellets

30-70% of the mass of some harbor sediments

/" High "\ NOTES:

percentage of
pelletized

sediments in

Inner Harbor &
Peddocks

Island

deposition
areas (Nut

\ Island Sludge) /

Eugene Gallagher @ 2010
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Slide 49 Pearson & Rosenberg’s model

Pearson & Rosenberg’s model used in d in the 1983 EPA wai iecti
the 1983 EPA waiver rejection usedmn the watver rejection

MA Bay already at a Pearson & Rosenberg (1978)
ecotone point; additional organic enrichment will

lead to an opportunist-dominated community NOTES
Capitella- Ecotone point
oligochaetes- ¢
spionids |
Physical Disturbance e » Normal Co,nveyor
belt

feeders I
Black
mayonnaise ‘_\—)
Grossly polluted DISTANCE Normal

e TR EEOS630

From Rhoads et al. 1978

Slide S0 Pearson & Rosenberg vs.
Pearson & Rosenberg vs. Hubbell Hubbell

Directional succession vs. The Neutral Theory

NOTES:

Vs.

EEOS630

Slide S1 Why use Hubbell’s neutral model

Why use Hubbell’s neutral model for 3
Boston Harbor? for Boston Harbor?

Certainly, species & individuals are not identical!

= It provides a null Polydora &
expectation for species Spiophanes
richness, based on i "7 NOTES:
Fisher’s a diversity index etes
= It incorporates the regional Y e LN
metacommunity 4~ AAmpelisca
biodiversity in the analysis A>
= |t has the potentialto 5 o
explain the effects of ac",:’ °’5"ZZ§ & other
ecological drift on species L2
compostion & succession
EEOS630

Eugene Gallagher @ 2010
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MWRA Sampling Stations

8 Stations, May & Aug
3 replicate 0.043-m? Ted Young grabs; 300-um sieves
T1: Deer Island
T2: Governor’s Island Flats
T3: Long Island
T4: Savin Hill Cove
T5A: Presidents Road
T6: Peddocks Island
T7: Quincy Bay NI
T8: Hingham/Hull Bay
NI: Nut Island
DI: Deer Island

DI

EEOS630

Slide 52 MWRA Sampling Stations

NOTES:

Inner Harbor: Still degraded

EEOS630

Slide 53 Inner Harbor: Still degraded

NOTES:

Peddock’s Island, 1989

Capitella prior to 1989; After 1989: No Capitella

Fecal pellets (% Dry Weight)

0

Depth (cm)

EEOS630

Slide 54 Peddock’s Island, 1989

NOTES:

Eugene Gallagher @ 2010
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Slide 55 Infaunal Abundance in the 90s
Infaunal Abundance in the 90s

Summer increase largely due to Ampelisca abdita

Spring Summer
[ AmpSlisca [ c NOTES:
£ o
2 o] ] ’ ’
=
8!0000- - ‘
c °
©
= . L
g 5000 « . ai - * i ﬁ
2 | cnigllceni
19I92 l9l?4 19.96 1;98 ZOI(lﬂ 19‘92 19‘94 13;96 19'98 2L;00
Year
EEOS630

Slide 56 Boston Harbor Ampelisca
Boston Harbor Ampelisca

Ampelisca mats rare in 1982, Sludge dumping stopped Dec. 1991,
amphipods abundant by 1991, peak in 1997, nearly gone by 2001, but
back in 2002 & 2003; gone in 2006, 2007

NOTES:

EEOS630

Slide 57 Sediment Profile Imaging
Sediment Profile Imaging

Rhoads’ Type Il Ampelisca assemblage, Hull Bay
(1997)

NOTES:

Image from R. Diaz & ENSR

EEOS630

Eugene Gallagher @ 2010
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Slide S8 Ampelisca mats

Ampelisca mats

Near Peddocks Island in Quincy Bay

NOTES:

Slide 59 Peddocks Island, affected by Nut

Peddocks Island, affected by Nut Island

e Island sewage

From Capitella to amphipods in late 1980s

NOTES:

Slide 60 Boston Harbor tidal currents

Boston Harbor tidal currents

NOTES:

EEOS630

Eugene Gallagher @ 2010
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Fisher's a

“lrias) T2 (1.5) T3(7.5)
n

e

T

12(£0.41) yoar 40.10) yoar

T4 (7.5) T5A (5) T6 (6)

.| Summer
f i7" | Fishera

,,,,,,,,

Slide 61

NOTES:

Metacommunity terms

Holyoak et al. 2005. Metacommunities.

o Community The individuals of all species
that potentially interact within a single patch
or local area of habitat

o Metacommunity A set of local
communities that are linked by dispersal of
multiple potentially interacting species

® Mass effect A mechanism for spatial
dynamics in which there is a net flow of
individuals created by differences in
population size or density

Slide 62 Metacommunity terms

NOTES:

Reconciling Pearson and
Rosenberg (1976, 1978) & Hubbell

Alpha=12

Species per sample

Metacommunity dynamics

finten q o R Alpha=0.2
hypothesis: Species composition | ;
at a site in Boston Harbor is not | ° b " Abundance 4
just a function of pollutants, but is .
dynamically coupled to the
diversity (8) and rate of supply of
larvae & other recruits EEOS630

Slide 63 Reconciling Pearson and
Rosenberg (1976, 1978) & Hubbell

NOTES:

Eugene Gallagher @ 2010
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Slide 64 Boston Harbor Species richness

Boston Harbor Species richness

31% annual increase in median species richness
per year, apparently coupled to MA Bay cycle

NOTES:
o ™~Red summer
H | Green Spring
R MA Bay a
EE0S630
Slide 65 MA Bay Fisher’s alpha
MA Bay Fisher’s alpha
’ .R:a?liw:: Region NOTES:

20| ==——Farfield

e

In(Fisher's a)

In(Fishy

EEOS630

Slide 66 Deer Island species richness

Deer Island species richness

Median Fisher’s a increasing 30% per year at T1

NOTES:

Fisher's a

Number of species

DI H

Eugene Gallagher @ 2010
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Slide 67 NAO Index, note 1996 Negative
NAO Index, note 1996 Negative NAO
NAO
NOTES:
EE0S630

Slide 68 Hurrell NAO index Dec-March

Hurrell NAO index Dec-March

NOTES:

EEOS630

Slide 69 NAO on European fish stocks

NAO on European fish stocks

Attrill & Power (2001) Nature

NOTES:

EEOS630
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Slide 70 European C. Finmarchicus &

European C. finmarchicus & NAO NAO

NOTES:

EEOS630

Slide 71 High NAO & the Gulf of Maine

High NAO & the Gulf of Maine

NOTES:

EEOS630

Slide 72 Low NAO & the Gulf of Maine

Low NAO & the Gulf of Maine

NOTES:

EEOS630
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1996-1998 Negative NAO event

Labrador Current water, cold, low salinity, nutrient
poor

EEOS630

Slide 73 1996-1998 Negative NAO event

NOTES:

Long-term change in Puget
Sound; Coupled to PDA

Fred Nichols, USGS, 200-m stafion

s

20-yr pattern, perhaps coupled
to the Pacific Interdecadal

oscillation EEOS630

Slide 74 Long-term change in Puget
Sound; Coupled to PDA

NOTES:

T5A: President’s Roads sludge
dumping site

DI

Fisher's a = 3.6 + 0.58 (+ 0.16) year _ Fisher's a=52+0.21 (£0.10) year

e

st $9s 2001 4991 1996 2001
L ear

EE0S630

3

Fisher's a
o

[

Slide 75 T5A: President’s Roads sludge
dumping site

NOTES:

Page 25 of 27
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Slide 76 TS5A Summer: Numerical
dominant crap shoot

T5A Summer: Numerical dominant crap shoot

Ampelisca vs. Polydora vs. Spiophanes bﬂm&a

A/ & - 2 NOTES:
PCA-H Axis 1 (44%) ’ 5
Polydora &
Hubbell (2001) & Gallagher et Spiophanes
al. (1990) predict alternate
community states based on
initial dominance
EEOS630

Slide 77 T4: Savin Hill Cove

T4: Savin Hill Cove

Lowest species diversity in the harbor, slight summer
increase

Fisher's a=1.0+ 0.1 (£0.6)year __ Fisher's a=1.0+0.12 (£0.11) year NOTES .
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Fisher's a

1991 1996 2001 1991 1996 2001
Year
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Slide 78 Pearson & Rosenberg vs.
Pearson & Rosenberg vs. Hubbell Hubbell

Hubbell & Bell’s neutral models: not successional

Pearson & Rosenberg, Hubbell’s
Rhoads et al. (1978) Neutral model
e Unidirectional ® Ecological drift; stochastic NOTES:
Succession equilibrium .
e Opportunistic species @ All individuals & all
replaced by equilibrium species equivalent
species
o No metacommunity ® Emphasis on
dynamics metacommunity dynamics
® Relatively silent on ® A theory for species

species diversity, except ~ abundance curves
for SAB curves

Eugene Gallagher @ 2010
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Class 15: Pollution effects

Conclusions

Slide 79 Conclusions

® The biodiversity of Boston Harbor’s benthic
infauna has undergone a tremendous change
since the mid 1980s

® The early succession fit the Pearson-
Rosenberg/Rhoads model with Capitella being
replaced by spionids & amphipod crustaceans

® Hubbell’s neutral model appears to apply now
» A theory for assessing biodiversity
» Boston Harbor is coupled to MA Bay metacommunities
» Ecological drift produces interannual shifts in dominants:
spionids one year, ampelisciids on other years
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NOTES:
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