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THEORIES - MODELS - DATA

Snowshoe Hare and Lynx Population Population Cycles

Lepus americaus

Number of Pelts (thousands)

Keystone predator present

Lynx canadensis

Hudson Bay Company Trapping Records
(1840 —1940)

11 years
—

Keystone predator present

Ratio of Hare Density to Controls

Field Experiments - Lloyd Keith (1960’s to 1980’s)

What accounts for population cycles?

Food Supply or Predation?

Food Supply Increased

ad r

Predators

Food Supply Increased &
Predators Excluded

CONCLUSION:
Food Supply & Predation both




PREDATION AND EVOLVING CONNECTIONS

Chemical Defences - Cryptic Coloration - Physical Defences - Mimicry

Chrysomela confluens Populus fremontii angustifolia

| Resprouted trees have more defense compounds. Herbivorous larvae have higher survivorship in the face of
their own predators (ants) when they have been feeding on
resprouted trees.
Thus --- Leaf beetle larvae sequester anti-
beaver compounds and use them as a defense
against ants

Salicortin concentration
(mg/g dry mass)
Larval survival time (sec)

Larvae from

Control Browsed and Larvae from browsed and

control trees

trees resprouted trees resprouted trees

Martinsen et al. 1998 Ecology



Resilience - Panarchy

Resilience and Adaptive Cycles in Human and Natural Systems
- The Simplified Panarchy Model -

Renewal Phase Locked-in Phase

“context”

The large, slow cycle
constrains the smaller,
faster systems below it

Definitions:

Potential = imits what's o
possible, number of []
alternatives and options &
avallable

? large and slow:

Intermediate

to which the | .
control 's own destiny, (often the focal system)
oo, - The small, fast cycle

forces oo
A disrupts the bigger,
slower systems above it
— — —w—_ small and fast:
Building/Accumulation Creative Destruction “component”

Connectedness

Gunderson 2010; Holling 1973



DIVERSITY APPROACH

Table 1. An explanation of the construction of equation (1)

e Fuzzy Logic approach

equation interpretation

146 prey’s unconstrained birth rate

Complex causalities can be made explicit
through the rules that describe fuzzy sets
with overlapping memberships to account
for uncertainty

decrease in fitness of prey due to resource
limitation

53

decrease in fitness of prey due to predation

prey population number

predator’s unconstrained death rate
predator’s fitness increase due to feeding

resource’s unconstrained reproductive rate ; —
400 800 1200

s . e
re »’s carrying capacity limitation i
resource’s carrying capacity tat resource population number

resource’s fitness decrease due to feeding Figure 1. A two-dimensional projection of the attractor for
by prey equation (1) with the first set of parameters as in table 2.

Variables approach

Classes of ecosystems can be treated as
fuzzy sets with partial memberships

IMPROVED RICE CULTIVATION TROPICAL FORESTS SILVOPASTURE REGENERATIVE AGRICULTURE TEMBERATE FORQ&T “

i Individual cases can be members of
—= — multiple sets

PEATLANDS TROPICAL STAPLE TRES: v AFFORESTATION CONSERVATION AGRICULTURE TREE INTERCROPPING

oy

\\\ _— N

; RS - \ ° " A ;( e
| MANAGED GRAZ&Q G4 ? REANT-RICH DIET h comwl@ SEAWEED FARMING BAMBOO .
e i > N s u
$ ¥ : - z N 7 )
‘ a2 IF yiS B THEN RIS E .

v

S
—— c

e IF 215C THEN RIS F

INDIGENOUS PEOPLES

EOREST CONSERVATION, LAND MANAGEMENT PERENNIAL BIOMASS COASTAL WETLANDS SYSTEM OF RICE INTENSIFICATION
DEFUZAFICATION 0
T—
\ USING MAX-MIN INFERENCING
S criap valus « 0
|
CANDFILL METHANE FARMLAND RESTORATION FARMLAND IRRIGATION A BIOCHAR GREEN ROOFS .

Case Studies approach McGlade, J.M. (2003) Aquatic Ecosystem Health & Management, 6:205-216,
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A SINGLE FOOD SOURCE - TOXIC TO OTHERS

The Monarch butterfly relies on a single plant species
— the milkweed — for food. Its toxic chemistry gives
the butterfly protection from predators.

There are over 100 native species of milkweed
(Asclepias spp.) in North America

Because of agricultural herbicides and other human
interference with nature, milkweed plants are not as
widely available for monarchs.

Western Monarchs have declined by more than 99 per
cent since the 1980s, and Eastern Monarchs by 80 per
cent. www.monarchwatch.org

Photo: Rabbitti


http://www.monarchwatch.org/

A SINGLE MOTH SPECIES — DEVASTATING FORESTS

The Spruce Budworm Choristoneura fumiferana)
is @ moth native to North America.

It feeds mainly on balsam fir and white spruce.
Trees usually die after four or five consecutive
years of severe defoliation.

Outbreak cycles of spruce budworm occur every 30
to 40 years. During an outbreak, tens of millions of
hectares of trees can be severely defoliated. An
outbreak may last several years.

By 2019, over 9.6 million hectares of forest in
Quebec has suffered moderate to severe defoliation.
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500 YR MOSAIC CYCLE IS DRIVEN BY SOLAR RADIATION ABOVE GROUND
AND SUSTAINED BY T

| et r"";’ ' : Al' W 3 g l'.n
B - '11 . A -~ ] 1 |

Cellular automaton model Solar radiation effects in a beech Myccorhizal network in soil
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INSECT CONNECTEDNESS AND COMMUNICATIONS

Bee Dance of eight; Ogiek nurture different wild bees African honey bee & stingless Segemiat; Ogiek hive and harvested
honey for sale in the Mau
Bee dance Emmanuel Boutet Apis mellifera MKhttps://commons.wikimedia.org/w/index.php?curid=15242410 and 44918233



https://commons.wikimedia.org/w/index.php?curid=15242410

CHAGOS ISLANDS CONNECTING RATS, BIRDS, FISH & CORALS
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CANADIAN ATLANTIC GULF STREAM AND FISH RECRUITMENT
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Gulf Stream Warm Core Rings — arrows showing direction of water flows



CANADIAN ATLANTIC DEEP OCEAN SPECIES SPATIAL PATTERNS

NEWFOUNDLAND / NEWFOUNDLAND

TERRE-NEUVE TERRE-NEUVE

Northern Shrimp




‘Clean’ air;
low toxaphene
over NW Pacific

‘Clean’ air; low chlordane
and PCBs across

the Arctic Ocean
m W Tagish

toxaphene
from US/Canada \
west coast

Elevated PCBs
and HCH'from
Russia/Siberia

Elevated PCBs

Alert'm and:HCH from
Russia/Siberia
Ny-Alesund Elevated PCBs

and HCH |
originating from/
Europe and

Elevated chlordane
originating from

US/Canada
east coast

western Russia -

Beaufort GyreH\

«~_-Transpolar Drift
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