Class 11: Reimannian Ecology

Reimannian Benthic
Ecology: Competition,
Predation & Deep-Sea

Diversity

Slide 1 Reimannian Benthic Ecology:

competition, Predation, Deep-Sea Diversity

NOTES:

Class 11: October 7, 2008

Class schedule

Slide 2 Class schedule

Order of topics

e Tuesday (9/30): overview of benthic community structure, with a start of
benthic population processes
» Tools of the trade: alpha, beta & gamma
= Gallagher, E. D. & K. E. Keay. 1998. O ism-sediment-cont: ant i ions in Boston
Harbor. Pp. 89-132 in K. D. Stolzenbach and E. E. Adams, eds., Contaminated Sediments in
Boston Harbor. MIT Sea Grant College Program, Cambridge MA. 170 p. [There is a slightly
expanded version of this document available as a pdf at
http:/Awww.es.umb.edu/edg/ECOS630/GallagherKeay98. pdf]
e Thursday (10/2): Competition, predation & pollution
» Competition & predation in soft- and hard-bottom benthos
= Gallagher, E. D., G. B. Gardner and P. A. Jumars 1990. Competition among the pioneers in
soft bottom benthic succession: field experiments and analysis of the Gilpin-Ayala competition
model. Oecologia 83: 427-442
» Whitlatch, R. B. 1980. Patterns of resource utilization an coexistence in marine
intertidal deposit-feeding communities. J. Mar. Res. 38: 743-765.

e Today: Reimannian Ecology: competion, predation and theories of deep-
sea diversity

NOTES:

Required reading, community
structure

Slide 3 Required reading, community
structure

Chapter 5: Global Patterns of Benthic Community Structure
Especially Deep-Sea Diversity

Etter, R.J. and L. S. Mulfineaux. 2001. Deep-sea communities. Pp. 367-393 in
M. D. Bertness, S. D. Gaines, and M. Hay ,Eds., Marine Community Ecology.
Sinauer Associates, Sunderfand, Massachusetts. 550 pp

Gallagher, E. D. & K. E. Keay. 1998. Organism-sediment-contaminant
interactions in Boston Harbor. Pp. 89-132 in K. D. Stolzenbach and E. E.
Adams, eds., Contaminated Sediments in Boston Harbor. MiT Sea Grant
College Program, Cambridge MA. 170 p. [There is a slightly expanded version
of this document available as a pdf at
http:/iwww.es.umb.edu/edg/ECOS630/GallagherKeay98.pdf]

Jumars, P. A. and E. D. Gallagher. 1982. Deep-sea community structure:
three plays on the benthic proscenium. Pages 217-255 in W. G. Ernst and J.
G. Morin, eds., The environment of the deep sea; Rubey Volume II. Prentice-
Hall, Englewood Cliffs, N.J.

NOTES:
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Class 11: Reimannian Ecology

Required reading, Pollution
effects for Thursday

Chapter 6: Benthic Pollution Biology

Gallagher, E. D. & K. E. Keay. 1998. Organism-sediment-contaminant
interactions in Boston Harbor. Pp. 89-132 in K. D. Stolzenbach and E. E.
Adams, eds., Contaminated Sediments in Boston Harbor. MIT Sea Grant
College Program, Cambridge MA. 170 p. [There is a slightly expanded version
of this document available as a pdf at
http://www.es.umb.edu/edg/ECOS630/GallagherKeay98.pdf]

Rosenberg, R. 2001. Marine benthic faunal successional stages and related
sedimentary activity. Sci. Mar. 65 (Suppl. 2): 107-119. [A broad insightful
review of theories from Petersen to Thorson to Pearson & Rosenberg &
Fauchald & Jumars]{1}

Slide 4 Required reading, Pollution effects
for Thursday

NOTES:

Reimannian Ecology

® Herman Reimann was asked in 1953 by one of his examiners, Carl
Friedrich Gauss, to prepare a taik on the topic ‘The hypotheses which
underiie geometry.” He delivered his lecture in 1854, describing geometry
in more than 3 dimensions. Gauss immediately praised him, and his
lecture material was published in 1854.
» Reimann described how a metric tensor with 10 parameters could describe a
surface in 4 dimensions, no matter how curved or distorted.
»In a classic example of verisimilitude, Einstein found that
@ |n ecology and evolutionary biology, there are two major concepts
involving higher dimensional space.
» Sewell Wright's (1932) adaptive fandscapes to describe evolution and genetic drift
» Hutchinson's (1944, 1957) definition of the niche
» Both topics play a rolfe in understanding processes controlling benthic community
structure

Slide S Reimannian Ecology

NOTES:

Wright’s adaptive landscapes

Wright 1932

Contours
indicate
fitness

Slide 6 Wright’s adaptive landscapes

NOTES:
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Class 11: Reimannian Ecology

Slide 7 Hutchinson’s n-dimensional niche

Hutchinson’s n-dimensional niche

Two definitions of niche, see Chase & Leiboid (2003)
® 1) Grinnelf (1917): the place in the environment that a
species occupies .
» Verbally mapped ali the necessary conditions for a species’ NOTES .
existence: physiological tolerances, morphological limitations,
feeding habits and interactions with other species
» Hutchinson (1944, 1957): the niche is an n-dimensional
hypervolume.
® 2) Eiton (1927): the niche of a species is the functional role
of the species within within the food web and its impact on
the environment

® A new definition by Chase & Leibold (2003): the joint
description of the zero net growth isocline (ZNG/) of an
organism along with the impact vector on that ZNG/ in the
multivariate space defined by the set of environmental
factors that are present

Slide 8 Benthic Communities and

Benthic Communities and Populations
Populations

Case 1: Sanders’ Buzzards Bay St. R
Case 2: Massachusetts Bay
Case 3: Pacific NW Intertidal

Case 4: Facilitation & competition in the
Skagit Intertidal

Case 5: Deep-Sea & Hydrothermal Vents
Case 6: Boston Harbor

NOTES:

Slide 9 Sanders (1960)

Sanders (1960)

Buzzards Bay Station R, south of New Bedford Harbor

eSampied Station R — a mud station
— 20 grab samples over 729 days NOTES .

oUsed a 300-um mesh sieve

o®Described the community by its
numerically dominant and
characteristic taxa the polychaete
worm Nephtys incisa & the
protobranch bivalve Nucula

annulata. Nucula
eDescribed the community as being annulata
remarkably stable Nephtys

eResampled by Boyer & Whitlatch incisa
20 y later - little changed

Eugene Gallagher @ 2010
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Class 11: Reimannian Ecology

Slide 10 Sanders’ (1960): Buzzards Bay

Sanders’ (1960): Buzzards Bay

0/ Qimilarit 2 a trallic dinn—am
W il = Sander (900 Derduace A

ML = Fwn| 2 .
2l g NOTES:

nhae, 2 = Anadaws 11-":1:&-.":: S ol
§ mlkuvie g owsie S|m|lar
¥ samples
Is the Buzzards Bay
community Gleasonian
or Clementsian? Can’t
really tell here. Also,

samples taken over 2
years.

Slide 11 Sanders (1960): Buzzards Bay

Sanders (1960): Buzzards Bay

Nephtys incisa-Nucuia community over 2 years: Two

discrete clusters, or distinct community types,
produced by Q-mode cluster analysis, shown as NOTES .
convex hulls below :

_ PCAH Axis 2 (17%)

o5 o 05
PCA-H Axis 1(51%)

Slide 12 Case Study 2: Did the cleanup of

Case Study 2: Did the Boston Harbor cause harm to the benthic
cleanup of Boston Harbor communities of Massachusetts Bay?
cause harm to the benthic

communities of

Massachusetts Bay? NOTES:

Eugene Gallagher @ 2010
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Class 11: Reimannian Ecology

Boston Harbor in the 1980s

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

® 20 tons sludge daily released in
Presidents Roads

® >90% Capitella in Inner Harbor
& Deer Island Sediments

Few Ampelisca

17% of winter flounder with liver
cancer

® (leanup began under court order
in 1984

CS8O’s

ESludge
dumping

Effluent

. discharge

Slide 13 Boston Harbor in the 1980s

NOTES:

The $4 billion MWRA cleanup of Boston Harbor

01991 Sludge dumping ended

01991 & 1992 Monitoring of Harbor
& Bay began

©1996 New primary treatment facility
at Deer Island

©1997-2001 Upgrade to secondary
treatment at Deer Island

01998 Period B. Inter-island transfer
tunnel to Deer Island

®September 2000 Period C. Offshore
15 km outfall began discharging
effluent to MA Bay

e

PERIOD B PERCID A

PERIOD C

Slide 14 The $4 billion MWRA cleanup of
Boston Harbor

NOTES:

Slide 15 Deer Island Treatment plant
Deer Island Treatment plant
Discharge to the Bay began September 2000
NOTES:
Page 5 of 34
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Class 11: Reimannian Ecology

Slide 16 Assessing MA Bay biodiversity

Assessing MA Bay biodiversity

Is the outfall having an effect on Bay biodiversity?

Nearfield Farfield
NOTES:
Slide 17 23 Nearfield stations
23 Nearfield stations
S: f
e NOTES:

> Grain size
> Organic carbon
> Effluent tracers ( Clostridium
perfringens spores)
®Contaminants: all EPA pollutants
and molecular tracers for sewage

®Sediment profile images

®Benthic infauna
> 0.04-m* Y-Van Veen
> 300-pm mesh
> Same team of taxonomists since 1991,
now led by Blake & Maciolek

Slide 18 Infaunal abundance increased by

Infaunal abundance increased by 60% between 1993 and 2002
60% between 1993 and 2002

Similar change in both the near the outfall and away
from the outfall

10000 Tukey boxplot of .
- Abundance NOTES:

6000

o
@ o
* o B
4000
*
B i i i §
[
1992 1994 1996 1998 2000 2002
1993 1995 1997 1999 2001

Total individuals

Year

Eugene Gallagher @ 2010
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Class 11: Reimannian Ecology

Large increases in species
richness in MA Bay in the 1990s

No effect of the outfall

Species richness
'
‘ \//Fisher‘s alpha| -

100 d |

i

In (Fisher's )

No. Species

Nearfield

1992 1994 | 1996 1998 | 2000 2002
1993 1995 1997 1999 2001

Year

Year

Slide 19 Large increases in species
richness in MA Bay in the 1990s

NOTES:

Massachusetts Bay community structure:
Gleasonian or Clementsian or Gleasonian
& Clementsian?

—Gapri

. nco Biplot, Al Near & Far: m=15
Nearfield =

o Muddy -
Stations

......

PCAH Axis 2 (14%)

el .

Nearfield |
Sandy

Stations

L
PCA-H Axis 1(17%)

Slide 20 Community structure in MA Bay:

PCA-H, ordination of CNESS

NOTES:

Major predictors of MA Bay species
composition: Depth, Grain Size, % organic
carbon

Depth is the most important predictor

NF18-96

Stollwggbhs:
Basﬁgﬁp*h
a1, 10

Slide 21 Major predictors of MA Bay
species composition: Depth, Grain Size, %
organic carbon

NOTES:

Eugene Gallagher @ 2010
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Class 11: Reimannian Ecology

Slide 22 CPCA-H distance biplot Near &
CPCA-H distance biplot Near & Farfield Farfield

4 g NOTES:
g (§.0°5¢

Q%

In (C. perfringens )

CPCA-H Axis 1 (16 <44> %)

Open: Pre-outfall
Solid: post-outfall

Slide 23 Long-term changes in numerical

There are long-term temporal changes dominants
in community structure: Succession

NOTES:

CPCA-H Axis 4 (4 <10> %)

CPCA-H Axis 3 (4 <11> %) T
Clostridium Slide 24 Outfall effects: C. Pefringens
perfringens spores, an abundance changed due to outfall
indcator of human
sewage

Exceptionally strong evidence that C. perfringens spores more
abundant in nearfield (P(F, 5,,>132) < 10°) & very strong evidence
that near-far difference greater in the post-outfall period
(Interaction: P(F, 5;,>19.6)< 10™).
Eugene Gallagher @ 2010
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Class 11: Reimannian Ecology

Slide 25 Canonical C-PCAH correlation
Canonical C-PCAH correlation plot plOt

3 species-areecological indicators for sewage input

Tharyx acutus

NOTES:

Mec Mediomastus

californienses

Tha Tharyx acutus %

Arc Aricidea g 1n(C. portii
catherinae 3]

P (Mediomastus californiensis)

in (C. perfringens )

Aricidea catherinae

In (C. perfringens )

Slide 26 NAO Effects on Western Gulf Me

NAO Effects on Western Gulf Me

C. finmarchicus abundance lags NAO by 4 years

C. finmarchicus NOTES :

1960 2000

Conversi et al.
(2001):
Continuous
Plankton
Recorder

Slide 27 NAO & Gulf of Maine

NAO & Gulf of Maine

Negative NAO events reduce Gulf productivity

NOTES:

>2 years for
nutrient-poor
Labrador
Northeast Slope water
Channel to reach MA
Bay

Eugene Gallagher @ 2010
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Class 11: Reimannian Ecology

Long-term cyclic trends in NAO
Hakkinen & Rhines Science (2004)

In (Fisher's a)

Tunberg & Nelson (1998):
Swedish benthic communities

Slide 28 Long-term cyclic trends in NAO

NOTES:

Conclusions on MA Bay

Slide 29 Conclusions on MA Bay

® Boston Harbor has improved dramatically since the early 1990's
» Most of the improvement was in the late 80s
= Much of the increases in species richness occurred after the early 1982 301(h) survey
and before MWRA monitoring began in Fall 1991)
= Capitelia, the pollution indicator and a major prey of flounder, was dominant at many
stations in 1982 but had largely disappeared by 1991
» Species richness of benthic communities has doubled at many harbor
stations
» Organic enrichment in low-energy areas remains a major problem

o MA Bay biodiversity increased tremendously in the 1990s, prior to
the outfall being moved offshore

e There is no indication of adverse outfall effects on MA Bay
e There are indications that long-term changes in biodiversity in the
harbor are linked to MA Bay diversity

NOTES:

Why is MA Bay community
structure changing?

Slide 30 Why is MA Bay community
structure changing?

e The perfect storm hypothesis: Infaunal communities recovering from
severe storms in the early 1990s

e The climate-change hypothesis: MA Bay benthos experiencing a long-
term climate-induced change. Perhaps due to the North Atlantic
Oscillation, a large scale variation in the North Atlantic weather

e The productivity hypothesis: Long-term increase in organic matter supply
to the benthos

e Changes in predation or disturbance (fishing intensity)
e Pollution reduction (LABs are excellent predictors of species richness)
e Chance or Hubbellian Ecological Drift

® Metodological differences, especially improvements in taxonomy

NOTES:
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Slide 31 Case Study 3: Keystone predation

Case Study 3: Keystone & intermediate disturbance in the Pacific
predation & intermediate Northwest Rocky Intertidal

disturbance in the Pacific

Northwest Rocky Intertidal

Paine (1966), Dayton (1971), Connell (1971) NOTES:

Slide 32 Keystone Predation

Keystone Predation

aine , Dayfon , Connel

NOTES:

Slide 33 Keystone Predation

Keystone Predation

Paine (1966)

oThe mussel Mytilius NOTES .

californianus is the dominant
competitor for space in the
Pacific Northwest Rocky
intertidal

eIn the absence of disturbance
or predation, Mytilus will
overgrow & crush other
space-occupying species,
especially barnacles.

Eugene Gallagher @ 2010
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Class 11: Reimannian Ecology

Pisaster: a keystone predator

Paine’s (1966) Keystone predation hypothesis
Extended to the ‘intermediate disturbance hypothesis’
by Dayton (1971) and Connell (1971)

eWith high rates of predation
by Pisaster or very high rates
of disturbance, like log
battering, diversity is low,
with only barnacles

eDiversity is highest at
intermediate levels of
predation or diversity since
Mytilus and barnacles can
coexist

Slide 34 Pisaster: a keystone predator

NOTES:

Intermediate disturbance
hypothesis

Soft- vs. Hard bottom patterns

eoHard bottoms
» Paine (1966), Dayton (1971), Menge,
Lubchenco, Sousa and Connell
showed that the reduction of
predation or disturbance intensity
led to decreases in species
diversity
» Dominant competitor for space
(crushing)
oSoft bottoms; Caging studies
designed to reduce predation
intensity, often leads to
» Increases in abundance
» Increases in diversity

Slide 35 Intermediate disturbance
hypothesis

NOTES:

Case Study 4: Facilitation &
Competition among the
pioneers in soft-bottom

succession

Slide 36 Case Study 4: Facilitation &
Competition among the pioneers in soft-
bottom succession

NOTES:

Eugene Gallagher @ 2010
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Class 11: Reimannian Ecology

Skagit Flats

Skagit River: largest River entering in Puget Sound

Skagit flats

<«———Seattle

ECOS630

Slide 37 Skagit Flats

NOTES:

Skagit Flats

Surrounded by a relatively inaccessible bullrush marsh

Slide 38 Skagit Flats

NOTES:

Models of Succession

Connell & Slatyer (1977), Jumars & Gallagher (1982)

Facilitation

Tolerance

Slide 39 Models of Succession

NOTES:

Page 13 of 34
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Class 11: Reimannian Ecology

Slide 40 Testing Succesion Models
Testing Succesion Models

Connell & Slatyer (1977), Gallagher et al. (1983)
eEnhancement experiment:

Enhance the abundance of an NOTES

early succession species

» Facilitation if later succession
species increased relative to control
Inhibition if later succession species
decreased relative to control

» Tolerance if no difference (the null
model)

®Removal experiment: Reduce
the abundance of an early
succession species
» Faciltation if later succession
species reduced

> Inhibition if later succession species
increased

Slide 41 Seasonal Skagit Succession
Seasonal Skagit Succession

Reset by winter storms each year, continual
disturbance by dabbling ducks

NOTES:

TSF » Manayunkia &
O e Tanais sp.

Winter—Corophium & ¥ }
inter L
Storms  1WO spionids /

\~__’/

Slide 42 Dabbling duck disturbance
Dabbling duck disturbance

Smith (1980): about 30% of the area affected each
month!

NOTES:

ECOS630

Eugene Gallagher @ 2010
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Class 11: Reimannian Ecology

Slide 43 Controlled field experiments

Controlled field experiments

Enahncement experiments, Gallagher et al. (1983)

NOTES:

Slide 44 Manayunkia aestuarina &
Manayunkia aestuarina & Tanaids Tanaids

Meiofaunal sized feather-duster worm (Sabellid) &
omnivorous crustacean

NOTES:

Slide 45 Facilitation of Manayunkia

Facilitation of Manayunkia aestuarina & Tanais recruitment

aestuarina & Tanais recruitment

Gallagher et al. (1983)

NOTES:

These species also
recruit around
sewing needles
(Eckman 1979)

Eugene Gallagher @ 2010
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Class 11: Reimannian Ecology

Slide 46 Facilitation is a major soft-bottom
successional mechanism

Gallagher et al. (1983): only 2 negative effects

NOTES:

Slide 47 Predation & Soft bottom benthos

Predation & Soft bottom benthos

e Blegvad (1928) fish caging experiment NOTES:

® Young & Young (1977): Caging leads to
higher diversity in soft bottoms
» Young et al. (1976): caging artifacts
= Cage may have harbored predators
= Flow effects
» Peterson: Competitive exclusion rare in soft-
bottom benthos

® Reise & Gray: predation relatively
unimportant in soft-bottom benthos

Slide 48 Caging in the soft-bottom benthos

Caging in the soft-bottom benthos

Add a cage - diversity usually goes up

® Caging experiments in the soft-bottom .
benthos often result in higher diversity, not NOTES:
lower as in the rocky intertidal

e Explanations:
» caging artifacts (predators weren’t really excluded,
changes in recruitment)
» Differences in the succession model: inhibition in
the rocky intertidal, facilitation in the soft-bottom
benthos

Eugene Gallagher @ 2010
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Slide 49 Effects of Succession model in

Effects of Succession model in intermediate disturbance

intermediate disturbance

Quinn (1979) Ph.D.
Tolerance model Facilitation model

NOTES:

Slide 50 Successional models
Successional models

And the intermediate disturbance hypothesis

Markov Model Results
4 species 100 species

ol g NOTES:
Facilitation ’ Facilitation

s el F

A v
af

/ 2 ‘//
V Tolerance /Tolerance

[ 05 10 05 1

Facilitation ,,

>

Shannon's H'

Probability of Disturbance

Slide 51 A controlled removal experiment

A controlled removal experiment

Eogammarus to play to role of Neill’s (1975) Alosa

NOTES:

Eogammarus confervicolus,
an epifaunal omnivore

Eugene Gallagher @ 2010
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Class 11: Reimannian Ecology

Slide 52 Eogammarus is an omnivore

Eogammarus is an omnivore

900 Eogammarus in a 1-liter plastic container

NOTES:

Slide 53 Natural sediment enclosed in cut-

Natural sediment enclosed in cut- away 5-gal buckets for 3 days;

away 5-gal buckets for 3 days;
Eogammarus added to 2 buckets Eogammarus added to 2 buckets

NOTES:

Slide 54 Buckets enclosed with 1-mm mesh

BUCkets enC|Osed With 1'mm to retain Eogammarus
mesh to retain Eogammarus

Eogammarus, the predator, removed after 3 days

NOTES:

Eugene Gallagher @ 2010
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- - _ Slide 55 Hobsonia florida, an ampharetid
Hobsonia florida, an ampharetid polychaete worm, the major prey

polychaete worm, the major prey
~—__Tentaculate surface deposit feeder

NOTES:

Slide 56 In May, most of the H. Florida
In May, most of the H. florida were were very small
very small
90% pass through a 250-ym mesh sieve

NOTES:

Adult H.
florida
= 1 month old

H. florida
’ﬁ\OIigochaete,\A
Y\_/Amphichaeta

Juvenile H.
T florida (& 100 ¥

pum beads)

Slide 57 Eogammarus reduced day 3

Eogammarus reduced day 3 abundances of H. Florida
abundances of H. florida

Differences persisted for 55 days

NOTES:

Eugene Gallagher @ 2010
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Only juvenile H. florida affected

Juveniles, < 250-uym width, reduced by Eogammarus

Slide 58 Only juvenile H. Florida affected

NOTES:

Asexually reproducing naidid
oligochaete: Amphichaeta leidigii

Oligochaetes similar in size to H. florida juveniles

Slide 59 Asexually reproducing naidid
oligochaete: Amphichaeta leidigii

NOTES:

Oligochaetes exhibited ‘logistic’
growth in predator treatments
with low H. florida abundances

Slide 60 Oligochaetes exhibited ‘logistic’

growth in predator treatments with low H.

Florida abundances

NOTES:
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Two distinct population growth
trajectories

In predator treatment, oligochaetes > H. florida
In natural community, H. florida > Oligochaetes

Slide 61 Two distinct population growth
trajectories

NOTES:

What is competition?

Slide 62 What is competition?

e Competition: ‘the shared utilization of a
resource that is demonstrably in short
supply.’

® “competition is occurring if the increase in
the growth rate in one population leads to
the decline in the growth rate of another.”

» ‘“intraspecific competition occurs if increasing
density of the population leads to a decrease in
the per capita

» Density dependence

NOTES:

Types of competition

Slide 63 Types of competition

Exploitative ('scramble’) vs. Interference

In exploitative, or scramble competition,
the effects of competition are caused by the
consumption of the shared resource.

In interference competition, one individual or
group of individuals prevents another
individual or group of individuals from gaining
access to the resource.

NOTES:

Eugene Gallagher @ 2010
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Competition vs. Predation vs.
Density independence

Slide 64 Competition vs. Predation vs.
Density independence

® Competition for resources is the key factor limiting
population growth:
» Lack’s & Darwin’s finches
» A. J. Lotka’s logistic growth
» Volterra-Lotka competition models (1926, 1928) &
Gause’s (1930) competitive exclusion principle
» Connell’'s barnacles crushing each other in the Scottish
intertidal
® Predation is the key limiting factor

® Andrewartha & Birch (1954): Neither factor
controls populations. ltis climate & the
environment

NOTES:

Lotka-Volterra competition

Slide 65 Lotka-Volterra competition

An extension of the logistic equation: invoked to
explain high-deep sea diversity in both equilibrium and
non-equilibrium explanations

an - &, I,
d-rl - ?"I NI 1 — i Kll. I

—JN: = N |1 - —N:_ = ¥,
ar o K.

where, @ = Tnterpecifle ca.wpériz‘ia.u coefficient
K = Cerying capacity
¥o= MEXimuM per copiim prowth roke

NOTES:

Model Estimates

Interspecific competiton coefficients ~ 1
See Gallagher et al. (1990) for fitting methods

Slide 66 Model Estimates

NOTES:

Eugene Gallagher @ 2010
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Trajectories fit by Lotka-Volterra
model

Slide 67 Trajectories fit by Lotka-Volterra
model

A race to the zero-growth isoclines

NOTES:

Ambient community: 1979 v. 1980

Slide 68 Ambient community: 1979 v. 1980

Oligochaetes & H. florida appear to be competitively
equivalent species

NOTES:

Corophium salmonis, a large
interface feeder, recruits to the
sandflat each July AS ADULTS

Slide 69 Corophium salmonis, a large
interface feeder, recruits to the sandflat
each July AS ADULTS

NOTES:
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Slide 70 Ambient community: 1979 v. 1980

Ambient community: 1979 v. 1980

Oligochaetes & H. florida appear to be competitively
equivalent species & both crash as C. salmonis
recruits

NOTES:

Slide 71 Ambient community: 1979 v. 1980

What is the limiting resource for
oligochaetes & juvenile H. florida?
Small benthic diatoms

The juvenile stage is a competitive bottleneck for the
deposit-feeding H. florida; see Hentschel & Jumars

NOTES:

Admiraal et al. (1984): Amphichaeta sannio
blooms follow the diatom blooms on Dutch

mudflats; N. pygmaea, a diatom resistant to
digestion, takes over the diatom community

Slide 72 What is the limiting resource for
Ambient community: 1979 v. 1980 oligochaetes & juvenile H. Florida? Small

Oligochaetes & H. florida appear to be competitively benthic diatoms
equivalent species & both crash as C. salmonis
recruits
NOTES:

Eugene Gallagher @ 2010
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Slide 73 Case Study 5: High deep-sea
diversity

Case Study 5: High deep-
sea diversity

See Jumars & Gallagher (1982) & Etter &
Mullineaux

NOTES:

Slide 74 Milestones in deep-sea diversity

Milestones in deep-sea diversity

Documenting High Deep-Sea diversity

® 1846 Forbes dredged shells from the abyss,
indicating that there is life in the deep sea. NOTES:

® 1873-1876 Challenger expedition
> Dredged animals from 5500 m1880
» Thomas: The deep sea fauna is stable and ancient,
containing the ancestral forms of many shallow water
taxa.
® 1967 Hessler and Sanders
» First quantitative demonstration of high deep-sea
diversity.
» Gayhead MA to Bermuda transect.

Slide 75 High deep-sea diversity

High deep-sea diversity

Gayhead to Bermuda transect: Sanders & Hessler 1967
Hypsographic curve

NOTES:
\\

Y

Abyssal plains largest

habitat on earth by far

(about 75% of Ocean
surface)
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Slide 76 Sanders-Hurlbert rarefaction

Sanders-Hurlbert rarefaction

Sanders (1968) & Hurlbert (1971)
e®Each sample is plotted as a

rarefac.tion curve, with the NOTES

end being the observed Soft-bottom benthic

number of species and di it

individuals 'V_ﬁgl ch
oThe expected number of P

species at a smaller, or

‘rarefied’ sample size is noted

E(S,), with n being the

rarefied sample size Buzzards
oHurlbert corrected Sanders’ / Bay

algorithm using the

hypergeometric distribution

Slide 77 Deposit-feeding polychaetes may
be the most species-rich group on earth
(107-108 species; Grassle & Maciolek,1992)

Deposit-feeding polychaetes may
be the most sspecies-rich group on
earth (107-10° species; Grassle &
Maciolek,1992)

Chaetozone, a surface deposit feeder
Note the small size, typical of the deep sea.

NOTES:

Slide 78 Jumars & Fauchald strategies

Jumars & Fauchald strategies

50:50 surface and subsurface feeders in deep sea
Discretely motile Surface Feeding

NOTES:

Sessile Motile Filter Feeding Burrowing

Data from Abyssal Pacific: Apparent
selection to pulsed food input with food
caching

Eugene Gallagher @ 2010
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Global distribution of biomass

Rex et al. (2006, Marine Ecol. Prog. Ser.)

Log
(abund)

Log
(biomass)

Slide 79 Global distribution of biomass

NOTES:

Abundance & Biomass

Log (abundance)

Rex et al. (2006, MEPS)

Bacteria

Log (biomass)

Macrofauna

Slide 80 Abundance & Biomass

NOTES:

High Deep-Sea a diversity

Expected Number of Species

Hurlbert’s E(S,) highest in San Diego Trough & Central
North Pacific, under gyre.

Number of Individuals

/ CNP, Beneath gyre
Sanders-Hurlbert

Area Rarefaction curves

Slide 81 High Deep-Sea a diversity

NOTES:

Eugene Gallagher @ 2010
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High deep-sea diversity

Grassle & Maciolek (1992)

®Analysis of the rate at which new

species being added along a transect

in the North Atlantic deep sea: 1

species every 0.5 m?
©10° species globally estimated based

on beta diversity in the North Atlantic _ECHO't -

. | 5100 m in the Pacific: Mn-

eSince, abundances lower in the nodule mining area

abyssal Pacific, lowered estimate to

10° species 8
» But note that beta diversity appears to be
much higher in the Pacific than in the Atlantic &
Ocean 75
oFar higher species richness than any W,

other biome on earth

0 80 120
Rarefied sample size

Slide 82 High deep-sea diversity

NOTES:

Slope & rise diversity> abyss

Rex (1973); Etter & Mullinaux (2001)

eDeep-sea diversity is highest
at intermediate depths

> Maximum at lower slope and =
continental rise 2
» declining into the abyss. 9
®E(S,,,)=14.6+0.004 Z-0.000001 22 LLI
> r=0.68

—~

o

=

n

=

L

1200 m 2200 m
Georges Bank

Slide 83 Slope & rise diversity> abyss

NOTES:

Sanders’ Stability-time hypothesis

Proposed in 1968 American Naturalist

oThe deep sea is 10's of millions of
years old in the N. Atlantic and older
still in the Pacific.

eDeep sea is the most stable
environment on earth

eAnimals evolve adaptations to the
finest dimensions of the niche,
allowing coexistence

® “We might expect stenotopy, complex
behavior of rather specific and
stereotyped kinds, and the possibility
of specialization to specific foods,
hiding places, hunting methods, and
environmental periodicities — in short
to the details of the most significant
parts of the environment.”

Slide 84 Sanders’ Stability-time hypothesis

NOTES:
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Slide 85 Sanders (1968): adaptative

_Sanders (1968): adaptative radiation to the finest dimensions of the
radiation to the finest dimensions niche, like Darwin’s finches

of the niche, like Darwin’s finches

NOTES:

Slide 86 The cropper hypothesis

The cropper hypothesis

Dayton & Hessler (1972) based on the rocky intertidal
paradigm
e “_high species diversity in the deep sea is more a NOTES:
result of continued biological disturbance than of
highly specialized competitive niche diversification ...
most animals would consume living particles as well
as dead. We call this dominant life-style "cropping".”

o [f resource partitioning occurred, it would be unlikely
to occur on the basis of space or time because of the
high physical homogeneity, both temporally and
spatially, of the deep-sea environment.

Slide 87 Spatial heterogeneity

Spatial heterogeneity

Grassle & Sanders (1973), Jumars (1975 a & b, 1976)
e Written as a rebuttal to Dayton & Hessler’s (1972)
cropper hypothesis based on predation and NOTES:
disturbance

® Grassle & Sanders (1973): little evidence for
‘cropping’ in the deep-sea

® Habitat specialization, aided by deep-sea
spatial heterogeneity may be the key to
maintaining high deep-sea diversity

® Jumars (1975a & b, 1976, Jumars & Eckman
1980): Deep sea may be the most spatially
heterogeneous environment on earth.

Eugene Gallagher @ 2010

Page 29 of 34

cow, umb , edu


IT
Stamp


Class 11: Reimannian Ecology

Explanations based on
competition

Slide 88 Explanations based on
competition

Interaction of predation and competition: Increasing
predation in the deep sea may keep competitors below
their carrying capacity, allowing coexistence.

01976 Rex Both predation and
competition control the
gradient in species richness
producing an intermediate
peak

01976 Menge and Sutherland:
Predation and competition
interact to produce high
deep-sea diversity

01979 Huston’s dynamic
equilibrium mode!

NOTES:

Huston’s 1979 dynamic
(non- equilibrium) model

Slide 89 Huston’s 1979 dynamic

(non- equilibrium) model

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

-

2 highest diversity
o
£
Q
Frequency
of reduction
.P:,
[
£
qQ
Growth Rate

NOTES:

Application of Huston’s model

Slide 90 Application of Huston’s model

Rex (1983): Contours of species diversity

oShelf: high rate of
displacement due to higher
food input and growth rate,
lower frequency of reduction

oL ower slope & rise, slightly
higher frequency of reduction
(higher predation &
disturbance) and fower rate of
displacement due to
competition (slower
population growth)

®Abyss: lower rate of
displacement & low growth

NOTES:

Eugene Gallagher @ 2010
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Deep-sea as a spatial-temporal
mosaic

Grassle, Jumars, and Snelgrove

® 1975, 1976 Jumars: high spatial heterogeneity (patchiness
at all scales documented. The deep-sea may be the most
spatially heterogeneous habitat on earth.)

® 1977, 1978 Grassle’s spatio-temporal mosaic theory of
deep-sea diversity and community structure
»“ Although disturbance is infrequent, when it does occur, a few
species slowly colonize. These species composition in the
disturbed area remains different from the surrounding environment
for years...infrequent smaif disturbances...are the sources of
environmental heterogeneity.

Slide 91 Deep-sea as a spatial-temporal
mosaic

NOTES:

Silt-diversity hypothesis

Etter & Grassle (1992), explanation based on
Whitlatch’s (1980) Barnstable Harbor analysis of
particle diversity

®H’ (silt) correlated with E(S,)

eSpecies diversity at 2100 m
depth, measured by E(S,,,) is
positively correlated with the ~ Depth
diversity in sizes of silt
particles, measured with
Shannon’s H’.
> lncre§sed food diversity may allow

of more sp De, pth
» Or, more species produce higher ]
diversity of siit particles Residuals

Siit diversity (H’)

Silt diversity (H’)
Residuals

Slide 92 Silt-diversity hypothesis

NOTES:

Biogeographic explanations: The
rich species pool hypothesis

#1978 Osman and Whitlatch’s Hypsographic
Island Biogeographic
Hypothesis.

» Deep-sea diversity is high because
the deep sea is the largest habitat
‘island’ on earth.
= Al else being equal, farger istands support

larger numbers of species.
= This hypothesis is rejected by Rex’s finding
that the highest diversity is found on
continental sfopes and rises, which have l
much less area than the abyssa/ plains.

» Species pool in the deep sea:

= resufts from long-term, evolutionary time
scale rates of speciation and extinction.
& Species richness on the local scale high
because of a Jarge species pool.

Slide 93 Biogeographic explanations: The

rich species pool hypothesis

NOTES:

Eugene Gallagher @ 2010
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- : Slide 94 Importance of the regional species
Importance of the regional species || pool in determining a diversity
pool in determining a diversity

Ricklefs (1987), Osman and Dean (1987), Hubbell
(2001), Witman et al. (2004)

NOTES:

“Local diversity bears a
demonstrable dependency
upon regional diversity.
...regional and historical
processes, as well as unique
events and circumstances,
profoundly influence local
community structure.”
Ricklefs (1987)

Species per quadrat Local Species (Chao)

Regional Species

Slide 95 Island biogeography

Island biogeography

MacArthur & Wilson (1967): Island-area effect

NOTES:

Slide 96 Graphical models of deep-sea

Graphical models of deep-sea diversity:
diversity:
Conditional independence models Conditional independence models

Sanders’ (1968) Stability-time hypothesis

Graphical models of the m

major hypotheses. One Z \
variable’s statistical Speciation .
association with another pe— | ] NOTES .
can be accounted for by | —
intermediate ‘causal’ R
variables. Depth is Partitioning Stability
conditionally independent ,
of diversity if one /
considers the intervening Time o
causal links (Evolutionary) =

Eugene Gallagher @ 2010
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Slide 97 Cropper hypothesis

Cropper hypothesis

Dayton & Hessler (1972)

m (Evo.ll-ll'i':;ary) NOTES:
I

Spec at on
|

Resource
Part t on ng

Depth

Stab | ty

Slide 98 Spatial heterogeneity

Spatial heterogeneity

Grassle & Sanders (1973), Jumars (1975)

E(sn) “Habitat NOTES:
Z \ specialization,
Spec at on aided by deep-
I sea spatial
Hab tat Env ronmental heterogenelty
Part t on ng Heterogene ty may be the key to
/ maintaining high
. deep-sea
enthic . .
Depth ——  bounday diversity.”

Slide 99 Dynamic Equilibrium/Spatial

Dynamic Equilibrium/Spatial Temporal mosaic hypothesis
Temporal mosaic hypothesis

Huston (1979) & Rex (1983)

Grassle &
Sanders’ NOTES
temporal

mosaic model

Z N is a form of
D sturbance Huston.’s
Frequency dynamic

R2GEIECHE  equilibrium

\ / model

Depth
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Slide 100 Rex et al. (2005) Source-Sink

Rex et al. (2005) Source-Sink Hypothesis
Hypothesis

Mass effect with major implications for conservation
Few endemic abyssal

species NOTES:

Abyssal populations (of
neogastropods)
maintained by larval
recruitment from the
bathyal (Continental
rise depths)

Species of neogastropods

Slide 101 Source-Sink Theory

Source-Sink Theory

First proposed by Rex et al. (2005, Am. Nat)

B E(S ) NOTES:
pool al

%z N\

F— Abyssal a diversity is
| [W(Allee effect) controlled by
recruitment from the
\ / bathyal regions (200
m - 4000 m)

Depth & D stance
to Marg n
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