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Background

Interactions between organisms determine the
distribution and abundance of species in a community

Direct trophic interactions have been extensively studied

Only fairly recently has the effects of environmental
modifications on community interactions been explored



Organisms as ecosystem engineers

Clive G. Jones, John H. Lawton and Moshe Shachak

OIKOS 69: 373-386. Copenhagen 1994

“Fable 1. Examples of organisms acting as ecosystem engineers. Classification according (0 Fig. |. Additional examples are discussed in the fext.

Organism

Habitat

Activity

Impact

Refs.

Case 2 (allogcmc)

American alligator
Aligator missisippiensis

Rabbits, Oryctolagus
cuniculus, badgers. Meles
eles

Case 3 autogenic)
Marine phytoplankton

Microalgae in sea ice
Frestwater phytoplankton

Cyanobacteria and other
nonvascular plants

Bog moss, Sphagrun spp.

Submerged macrophyles

Forost trecs (broad-leaved
and coniferous)

Higher plants

Terrestial plants in 29
familics, with >1,500
species

Case 4 (allogenic)
Marine meiofauna
(protozoa and

representatives of many
invertebratc phyla)

Marine burrowing
‘macrofauna

OIKOS 69:3 (1994)

verglades
National Park

Furope

Gulf of Maine
Antarctica

Luke S1. Geong,
Ontari

desert and
semi-desert soils

Northern and.
western Britain

freshwater lakes.
ponds and rivers

Hubbird Brook
Humpshire
ubiquitous
ubiquitous

ubiquitous

ubiquitous

create wallows

dig extensive burrows
(rabbit warrens, badser
setts)

blooms ol phytoplankton
particles scatter and absorb
light in nppe. Tayers of
water column

scatter and absorb Jight
within ice and underlying
seawater; reduce strength of
ice

ntercept light in upper
water column; small algal
spp. more effective than
large spp.

caude mucilaginous organic
compounds

huild ‘blanket’ and ‘raised”
bogs via sccumulated peat
grow (0 create weed beds

shed branches and trunks
into streams

dead leaves cte. accumulate
as litter

‘row structures (modified
leaves, leaf axils etc.) that
impound water

biodeposition, bioturbation,
porewater circulation, and
faccal pellet production

burrow into and redistribute
sediments; bioturbation;
burrow ventilation

retain water in droughts; pro
refuges for fish, fisheating i et
burrows occupied by other species,
e.g fox, Vidpes vulpes, and by many
invertebrates

enhance warming of surfuce waters
hat may initiatc development of
thermocline

enhance melting and break up of ice

light interception leads to shallower
‘mixing depth, lower metalimneti
temperatures and lower heat content
of water column
glue the organisms, organic matter
and soil particles together o form a
microphytic crust; change infiltration,
percolation, retention and evaporation
of water; reduce soil erosion; affect
seedling emergence
major changes in hydrology, pH, and
topography
attenuate light steepen vertical

rature gradient, retard flow;
enhance sedimentation; oxygenate
rhicosphere
crest dabrs dams; ltr morphology
and stability of stream cham
sosge and ranspart of asioed

ic matter

ediments;

Gifteren e speclcs may create dams.

which differ in persisten

altr microsnironment of soil
change surface structure, affecti

Grainage, and traser of heat and

gasses; act as physical barrier

seeds and seedlings; numerous

impacts on structurc and composition

of plant communities

create small aquatic habita

supporting a highly specialised insect

change physical, chemical and
biologie properies of sediments

ction and magni
e ﬂ\lx:s increine Otypemation
of sediments

create dynamic sediment mosai

ieﬂ.lll’lLﬂN‘ Sumulzlc mlcmﬂom’
rease decompositio

Finlayson &
Moser (1991)

Southern (1964);
Neal & Roper
1991

Townsend et al.
1992y

Buynitskiy (1986);
Arrigo et al.
(1991)

Mazumder et al.

(1990)

West (1990)

Tansley (1949)

Carpenter & Lodge
(1986)

Likens & Bilby
(1982); Hedin et
al. (1988)

Facelli & Pickett
(1991)

Fish (1983)

Reichelt (1991)

A nderso
henxen < 1991);
dc wndc (1991)
Muduws (|99|bl
{cont.)
375

Tab. 1. (cont.)

AUTOGENIC

ALLOGENIC

Organism

Marine cooplankion

Fiddler erab, Uca pugnax

European periwinkl,
Linorina litorea

Snails, Euchondrus spp.

Bagworm caterpillars.
Penestoglossa sp.

Mound-building termites,
Isoptera
Ants, Formicidae

worms, Lumbricidac,
Megascolecidac

Blind mole rats, Spalax
ehrenbergi

Mole rats, Bathyergidae
(several genera)

Prairie dogs, Cynomys spp. N

Pocket gophers, Geomys
bursarius

Tndian crested porcupine,
Hystrix indica

Elephants, Loxodonta

Habitat

Activity

Tmpact

Refs.

ubiguitous

New England
salt marsh

Negev desert

Golden Gate
Highlands, South
Africa
widespread in
tropics.
subtropics.

ubiguitous

ubiguitous

Israel

South African
Towland fynboss

jorth American
short and mixed
prass prairic
North American
grasslands and
arid shrublands

East African
woodland and

savannah

fter living, dead oranic

and inorgenio (6., 6y)
particles, and concentrate
into faecal pellets.

dig burrows

bulldoze sediments from
hard substrates.

eat endolithic lichens and
the rock they grow in

eat endolithic lichens and
construct larval shelters
(“bags’) from quartz crystals

mound and subterranean
gallery construction;
Tedistribution of soil
particles

nest and subterrancan

burrowing, mixing and
casting

digging and tnnclling

digging and wonelling

continual intense disruption
'y burrowing, creating soil
inds

construct wncls and move
soil to surface mounds

digging for food

physical disturbance and
destruction of trees and

Habitat

==

Impact

coralline algae,  conal reefs

Crustose
Porolithon, Lithophyllum

sinking faecal pellets important in
vertical transport and exchange of
elements and organic compounds in
oceans

increase soil drainage and oxidation-

reduction potcnial; increase
-composition rates; increase primary

production af intermediat tdal

prevent sediment accumulation
growth and :smbhshmem o

sedimentation ratcs; faunal
composition markedly different with
and without srails

increase rate of nitrogen cycling, soil
formation and rock erosion

mall increase in erosion rate. nufrient
Cycling and sail formation

change mineral and or
mposmon of sl aner | hydmlagy
and drai

change local stucture and
composition of soils; alter "above
st vegetaion: produce microsite

change mineral and organic
composition of soils; affect nutrient
cycling; alt

affect plant 2

Commanity composit

move lge quanttes of il ncrease
acration; create

crese [mpressive, cryered an dsaapr.‘
with effects on soil formation, plant
productivity and species wmpmmon

change physical and chemic:
pmpmms of sol persstng o 100
10005 of

alter pancm and rates of soil
development, putrient availat l||y and
‘microtopography:

demography, divers rim:
productivity; affect behaviour and
bundanco of ather herbiores

dig up 0 2 3 holes m™; diggings
accumulate organic matter, runoff
water create favourable sites for seed
germination

widespread vegetation changes;
alteration of fire regime; effects on
food supply and population dynamics
of othe aninls: ulimately changes
in soil form: riparian zones, and
Bogeochemcal cychng

Dunbar & Berger
(1981); Wallace et
al_ (1981); Fowler
& Knauer (1986)

Bertness (1985)

Bertness (19842)

Shachak et al.
(1987): Jones &
Shachak (1990)
Wessels & Wessels
(1991)

jo0d & Sunds
(1978); Lal (1991)

Flmes (1991)

Lal (1991);

Heth (1991)

Richardson et al.
(in press)

Whicker & Detling
(1988)

Huntly & Tnouye
(1988, Moloney et
2)

Yair & Rutin
(1981); Gutterman
(1982)

Naiman (1988)

(cont.)
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FIGURE 1 Summaries of (a)
publications reporting or reviewing
ecosystem engineering interactions, with
global species estimates and number

of named engineer species (n.b. some
publications did not specify a species
name), (b) count of publications where
the engineer species is identified as rare,
exotic or reintroduced and (c) proportion
of interactions with other taxa reported
by research [Colour figure can be viewed
at wileyonlinelibrary.com]



Beavers and

Their Dams




Justin P. Wright - Clive G. Jones
Alexander S. Flecker

An ecosystem engineer, the beaver, increases species richness
at the landscape scale
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Axis 1
Fig. 1 Ordination of plant community composition between ripar-
ian zone habitats. Ordination of plots based on presence of species

using non-metric multidimensional scaling. /\ Forested riparian
zone habitat, [ | alder habitat, ¥ meadow habitat
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Shit Happens (to be Useful)! Use of Elephant Dung as Habitat by Amphibians
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Maple Bladdergalls

Brief

I t d t : t Creosote gall induced by galling Maple Bladdergalls induced by Horned Oak Gall induced by
N ro U C IO N O fly Asphondylia auripila galling mite Vasates quadripedes cynipid wasp Callirhytis cornigera

Galls '



PART OF A SPECIAL ISSUE ON MORPHOLOGY AND ADAPTATION
Sugary secretions of wasp galls: a want-to-be extrafloral nectar?

Adriana Aranda-Rickert"*, Carolina Rothen', Patricia Diez>, Ana Maria Gonzalez> and Brigitte Marazzi*

2. Gall develops and
1. Gall secretes nectar Spring

wasps Early 3. Nectar attracts ants and
oviposit on Spring — \ vespid wasps

Prosopis
host trees

6. Gall
wasps
emerge

7. Inquilines

emerge / . , s
5. Gall stops secretion Wi 48 4. Ants and vespid wasps repel
and lignifies parasitoids and inquilines from
galls
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Ecosystem engineering by a gall—forming wasp indirectly suppresses
diversity and density of herbivores on oak trees

5 3

WiLLiam C. WETzeL'*, RoByN M. SCREEN', IVANA L1, JENNIFER McKENzIE™®, KYLE A. PuiLLips', MELIssA CrRUZ,
WENBO ZHANG', AUSTIN GREENE', ESTHER LEE!, NURAY SINGH', CAROLYN TRAN! AND LouIlE H. YANG?




1. How does persistent habitat engineering influence
community members that don’t directly interact with

the gall?

Research

Questions
2. How does persistent habitat engineering influence

the seasonal community assembly process?




137 Oak Trees

N

102 with >= 35 trees naturally
10 galls free of galls

Experimental
Design

AN

51 gall 51 control

removal trees trees Randomly selected 12
as comparison group







Total density

Parasitoid density Herbivore density

Predator density

37 :Cnntml
- - IHarnmraI
5 4 Gallfree

16-21 March

11-14 April

2-7 Ma

Fic. 2. Mean number of all arthropods, herbivores,
parasitoids, and predators in sweep samples by treatment and
time. Control trees are squares with solid lines, removal trees are
triangles with dashed lines, and naturally gall-free trees are
circles with gray dotted lines. Error bars are + SE. Vertical, gray
dashes separate the pre-treatment/pre-budburst sample from
the post-treatment/post-budburst samples.

Sampling Results

* Pre-Treatment, experimental trees
had similardensitiesand richness
Control trees had a significantly
larger decreasein total arthropod
and herbivore density and richness
from 2" to 37 sample
Naturally gall-free trees had
significantly lower density and
richness of herbivores and total
arthropods than the experimental
trees

FiG. 3. Mean arthropod, herbivore, parasitoid, and predator
morphospecies richness in sweep samples by treatment and
time. Control trees are squares with solid lines, removal trees are
triangles with dashed lines, and naturally gall-free trees are
circles with gray dotted lines. Error bars are  SE. Vertical, gray
dashes separate the pre-treatment/pre-budburst sample from
the post-treatment/post-budburst sample.

Predator richness Parasitoid richness Herbivore richness  Total richness

2.0 {—=— 'Control
- & - Removal
1.5 o+ Gall-free
| =
10 | oAk

R

16-21 March 11-14 April

1
2-7 May
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NMDS1

Pre-Treatment Two-Weeks Post-Treatment Five-Weeks Post-Treatment

FiG. 4. Nonmetric multidimensional scaling ordinations for
arthropod communities on the removal and control trees in the
(a) pre-treatment sampling and in the samplings (b) two and (¢)

Arthropod Community Composition

C Beta dive rSity Was Significantly higher among Contr0| trees ﬁve weeks post-treatment_ Mean community composition did
not differ between treatments in any sampling. In the third
com pa red to remova | trees sample (c), control trees had significantly higher beta diversity

(multivariate dispersion) than did removal trees. Three trees
with communities >2 standard deviations from the mean were
held out of each figure because those communities were so
different they obscured variation among the rest of the
communities. Inclusion or exclusion of these communities did
not influence the outcome of analyses. Stress is 0.19, 0.25, and
0.23, respectively.



* By engineering galls in a summer, the gall wasp has an influence
on the overwintering community on oak trees that cascades to
ultimately change the arthropod community in future growing
seasons, and these effects will remain present for as long as the
gall stays attached to the tree.

C()nClUSionS - The increase in herbivore density after gall removal suggests that
the jumping spiders commonly found in these galls play an
important role in this community

* The consistently low densities of herbivores on gall free trees
suggest that these trees may be poor-quality hosts for both
herbivores and gall wasps
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Figure 9. Effects of the ant presence on plant health. The effects are shown according to the two years of
sampling (2017-2018). (a) PI: mean number of Phytophagous Insects, (b) CI: mean proportion of leaves
attacked by chewing insects on the total leaves, (¢) FU: mean proportion of leaves attacked by Fungi on
the total leaves, (d) LM: mean proportion of leaves attacked by leaf miners on the total leaves. The SE
interval is shown for each bar. The bars with the same letter are not statistically different (Two-way
ANOVA, see text for further details).




Indirect effects of ecosystem engineering by insects in a tropical liana
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1. Does the presence of shelters increase the frequency,
richness and abundance of arthropods on plants?

Research 2. Does the type and number of shelters influence
Questions secondary colonization and use of shelters?

3. How does shelter presence and number influence
herbivory levels experienced by plants?




Experiment 1 Experiment 2

30 plantsw/o 20 plants w/o
leaf rolls leaf rolls
Experimental
Design
15 control 15 w/ artificial 10 control 10w/ artificial 10w/ Pandemis

shelters shelters shelters




Experiment 1
Results

Artificial Sheltershad 2.2
times greater abundance
and 1.5 times greater
richnessthan control
plants

a0
F< 003 - B Fredatons
IL [ S
. e
4.0 1
30 -
2.0
1.0 4
0.0 -

c AR

Abungance Richness

Fig.1 Arthropod abundance and richness imean+SE) in control
planis (unalered leaves) and artificially rolled leaves (shelters) of
Trigonia rotundifolia. C control. AR artificial rolls. Other arthropods
include detritivores, omnivores and parasites



Experiment 1 Experiment 2

30 plantsw/o 20 plants w/o
leaf rolls leaf rolls
Experimental
Design
15 control 15 w/ artificial 10 control 10w/ artificial 10w/ Pandemis

shelters shelters shelters




4.0

[0 Herbering
B Cihems

Experiment 2
Results

-
=1

Control plants have
higher abundance than
plants with either leaf roll

Arthropods per plant

20
0.0 -
Natural Shelters have
D Abundance Richness
significantly lower
richness comparedto Fig. 2 Arthropod abundance and richness (mean+SE) in control
Artificial Shelters plants (unaliered leaves),. in plants with natural rolls {leaves rolled by

Pandemis sp.) and in artificially rolled leaves (sheliers) of Trigonia
rofundifolia. Means followed by the same letters do not differ statisti-
cally from each other. C control, NR Natural rolls. AR artificial rolls




Background
Herbivory Rates

* Plantswith 2 leafrolls
experienced 2.8 times
higher herbivory

Hearbrvary (% leaf area removad)

8.0

16,0 -

14.0 -

12.0 4

10.0 4

4.0 1

2.0 1

Q.0

F]il.q'ﬂ' ]
P =001

Contral Cires b2af rodl Twets lead nolls
Fig.3 Herbivory (percentage of leaf area removed) in leaves of
Trigonia romindifolia without rolled leaves (control), with one natural
leaf roll and two natural leaf-rolls created by Pandemis sp. Control
plants and plants with one artificial roll did not differ in levels of her-
bivory




* The presence of these ephemeral and subtle leaf-rolling structures
has a large impact on community structure and increases
colonization rates and herbivory levels

* The major indirect effect of these shelters of increasing herbivory
is fairly surprising because two main predators of herbivores, ants
and spiders, composed of 61% of all arthropods sampled

Authors'

Conclusions

- Natural leaf rolls did not influence abundance of arthropods, but
caused a decrease in richness when compared to the artificial
shelters
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Shelter-Building Insects and Their Role as Ecosystem Engineers

T Corneussen', F CINTRAZ, JC SanTos>

3.0
2.9 1
2.0 4
1 .
2 151
N
P -
Fig 3 Effects of shelters on local é 1.0 4
patterns of biodiversity from 12 w *
studies that evaluated arthropod, -~
herbivore, and predator richness 0.5 - i
and abundance inside and
outside shelters or in plants with i
and without natural and artificial 0.0 4
shelters. The cumulative effect
size is reported for each effect
measured with its 95% 05 . ' T Y r '
confidence intervals and effects arthropod arthropod herbivore herbivore  predator  predator
are significant if confidence richness abundance richness abundance richness abundance

intervals do not overlap with
zero. Effect measured




Discussion

Questions

These two habitat modifications are made of different plant materials in different
locations on the trees, last on the tree for a drastically different amount of time, and
are in different climates and different ecosystems, but both attract mainly
predators as secondary colonizers. Why do you think this is? Do you think this is
consistent with all shelters created by insects?

Shelters created by insects have been shown to have large effects on their host
plant and the surrounding arthropod community, the outcomes of which depend on
the ecological context and specific interactions that stem from that shelter.

a) Under what conditions would you expect the net effect on the host plant’s
fitness to be positive or negative?

b) How might the effects of these shelters on the surrounding arthropod
community differ when the engineering organism still occupies the shelter as
compared to after they have abandoned it? For example, do they attract
different densities or species of arthropods, and is the mechanism behind the
attraction different?

Throughout this class we have seen many examples of ant mutualisms facilitated by
plant traits such as EFNs and domatia.

a) Inwhat ways are the relationships mediated by senesced or developing galls
similar or different to those from plant domatia and EFNs? Do you think one is
more effective in indirectly reducing herbivory than the others? Would you
expect them to attract the same arthropod assemblage?

b) The Rudgers 2004 paper we read earlier this semester showed evidence for
and concluded that enemies of herbivores shape the evolution of plant EFN
traits in wild cotton. With this example in mind how do you think natural
selection has caused the evolution of nectar-secretion in galls?



