Science and Habitat Restoration Work Group Meeting
October 17, 2019

Meeting Materials:

Agenda

Minutes

USACE AM Workshop - Team CEMs [read-ahead]

Bibliography of SWFL Literature [read-ahead, draft]

Bibliography of YBCU Literature [read-ahead, draft]

Caplan RGSM Conceptual Models [read-ahead]

MRGESCP: Adaptive Management Plan Version 1 Conceptual Model for the RGSM [read-ahead]
MRGESCP: Adaptive Management Plan Version 1 Conceptual Model for the SWFL [read-ahead]
RGSM Conceptual Models [presentation]

SWFL Basic CEM for the Lower Colorado River [read-ahead]

Technical Report Appendix F: SWFL Breeding Habitat Prediction Modeling [read-ahead]

SWFL Breeding Habitat Conceptual Model [read-ahead]

Western YBCU Basic CEM for the Lower Colorado River [read-ahead]

Middle Rio Grande Endangered Species Collaborative Program



Middle Rio Grande Endangered Species
Collaborative Program

Est. 2000

Science and Habitat Restoration Work Group (ScW/HR)

October 17,2019
9:00 AM - 12:00 PM

U.S. Fish and Wildlife Service
2105 Osuna Rd NE

Meeting Agenda
9:00-9:10 Welcome, Introductions, and Agenda Review Program Support
» Decision: Approval of October 17, 2019 meeting Team
agenda
9:10 -9:20 Review of September 4, 2019 ScW/HR Meeting Program Support
e Review Action Items Team
» Decision: Approval of September 4, 2019 meeting
minutes
9:20 - 9:45 Conceptual Ecological Model Discussion Group Discussion

e Discuss the different formats used in the models
distributed as read-aheads

9:45-10:45 Conceptual Ecological Model Development Group Discussion
e Break into two, small groups to review existing models
and develop models for the following species:

o RGSM
o SWFL and YBCU
10:45-10:55 Break Group Discussion
10:55-11:55 Conceptual Ecological Model Development Continued Group Discussion
11:55-12:00  Additional Items and Next Meeting Date Group Discussion
» Action Item: Determine agenda items for the next
ScW/HR meeting
» Action Item: Set date(s) for future meeting(s)
12:00 Adjourn
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Science and Habitat Restoration Work Group (ScW/HR)
Meeting Minutes

October 17,2019
Location: U.S. Fish and Wildlife Service
2105 Osuna Rd NE

Decisions:

e Approval of the October 17, 2019 ScW/HR meeting agenda
e Approval of the September 4, 2019 ScW/HR meeting minutes

Actions:
WHO ACTION ITEM BY WHEN
Program
Support Team |Distribute presentation slides to SCW/HR ASAP
(PST)
PST Develop draft conceptual models based on small group discussions Noviezwber

Next Meeting: November 21, 2019, 9am - 12pm

Meeting Notes

Welcome and Introductions
» Decision: The October 17, 2019 meeting agenda was approved

Review of the September 4, 2019 meeting
» Decision: The September 4, 2019 meeting minutes were approved

Presentation: Conceptual Ecological Models for the MRG by Ashley Tanner (PST)
Following the presentations and recommendation from the U.S. Army Corp of Engineers
Engineering Research and Development Center (USACE ERDC), Ashley T. presented on some
considerations for the group to keep in mind during the development of conceptual ecological
models (CEM).

The following comments were made regarding the MRG Systems Model displayed in the
presentation:
e The model may represent both the spatial distribution of vegetation (a cross-section of the
river) and vegetation changes through time at one particular location (succession).
e The temporal line may be too far into the “river” portion of the picture.
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e There was some discussion on whether the systems model was too idealistic. More
specifically, the depiction of succession in the center of the model may represent succession
that we don’t really see today with the influence of invasive species and other issues.

e [t was suggested that the group keep in mind what management options exist within the
system. The group could spend a lot of time identifying uncertainties, but they may not be
important to address if they’re not related to something that can be modified. It would be
helpful to know where management decisions can be made. It was suggested that the
adaptive management piece may need to come first.

0 Inresponse, it was cautioned that the group could limit itself by saying something is
“not possible.” [t was stated that a lot of management changes have taken place over
the past 15 years. While management should certainly be kept in mind, it might not
be best to constrain the group to only what is “possible” under current management
conditions.

The following comments were made regarding other aspects of the presentation:

e Itwas suggested that the critical factors analyses done by the U.S. Fish and Wildlife Service
(USFWS) for each listed species may be easily incorporated into the species-specific
conceptual models.

e The group discussed 3 levels of models: a systems model, species-specific models, and
models derived from the first two that are more specific to a relationship that warrants
further examination.

Conceptual Ecological Model Development

The work group proceeded to divide into two groups: one developing a model for the Rio Grande
silvery minnow (RGSM) and one for the southwest willow flycatcher (SWFL) and yellow-billed
cuckoo (YBCU). Notes were not taken during this workshop portion of the meeting.

ScW/HR Page 2 of 3
10/17/2019 - Meeting Minutes



Meeting Participants

Participant Organization
Ashley Tanner PST
Aubrey Harris USACE
Cathy Nishida Pueblo of Santa Ana

Chuck Hayes NMDGF

Clint Smith USFWS

Dana Price USACE
Danielle Galloway USACE
Debbie Lee PST
Grace Haggerty NMISC
Meghan Conway NMDGF
Mike Marcus APA
Mo Hobbs ABCWUA
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Steven Ryan USACE
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Leslie Matrix, where:

N,(t+1) and Ny(t) = numbers of individuals in age class O at time
(t+1) and (t), respectively;

e F,=fecundity of age O individuals; and
e S, =survival rate of individuals in age class 1.
* Note value in the lower-right corner is automatically set to 0

because we assume that individuals do not live to see their third
birthday.



Murray, C., C. Smith and D. Marmorek. 2011. Middle Rio Grande Endangered Species Collaborative
Program Adaptive Management Plan Version 1. Conceptual model for the Rio Grande silvery minnow.



Noon, B., D. Hankin, T. Dunne, and G. Grossman. 2017. Independent Science Panel
Findings Report: Rio Grande Silvery Minnow Key Scientific Uncertainties and Study

Recommendations.

Example projection matrix for Rio Grande silvery
minnow, assuming the “census” to

occur some fraction k of the year following the
spawning birth-pulse.

Figure 3. A general time-by-age biplot showing
cohort transitions between census periods.



Yackulic, C.B. 2019. Developing an integrated population model for Rio Grande
silvery minnow in the Middle Rio Grande

Figure 1: Schematic representation of RGSM demographics, including definition of key vital
rates, representation of transitions between three states represented in the model, and timing
of key events over the course of a calendar year.



Yackulic, C.B. 2019. Developing an integrated population model for Rio Grande
silvery minnow in the Middle Rio Grande

Figure 2: Examples of hypotheses for different demographic rates. (lower left-hand)
Managers may be interested in how well different aspects of flow correspond to
temporal variation in recruitment. Strength of evidence for different predictors can
be calculated using metrics like multilevel R2. If competing predictors are highly
correlated and imply very different management, it may be worthwhile to consider
a set of covariates (instead of just the “best” one) in making decisions and it may
even be worthwhile to design experiments to disentangle these covariates. (upper
right-hand) Managers may also want to consider hypotheses related to various
potential drivers of over-summer survival in both Age-0 and Age-1+RGSM.
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RIO GRANDE SILVERY MINNOW
CONCEPTUAL LIFE HISTORY MODEL

A. ABIOTIC CONTROLLING FACTORS

IA.1 Spring flow to cue spawning and maintain habitat
IA.2 Water temperature, quality for spawning & incubation
IA.3 Habitat for spawning, egg retention & incubation

IA.4 Egg entrainment behind dams & in water diversions

Spawning and Eggs

B. BIOTIC CONTROLLING FACTORS

[1A.1 Spring flow for nursery habitat
[1A.2 Channel & off-channel nursery habitat
[1A.3 Spring flow to shaped & maintain channel complexity

Larvae

IB.1 Annual egg production from variable adult numbers
IB.2 Egg production of different age & size adults
IB.3 Survival of eggs

[IIA.1 Productive and protective summer habitats
[IIA.2 Protective and protective winter habitats
[NIA.3 Summer flow to minimize drying

[II1A.4 Diversion dams block fish passage

[NIA.5 Water quality with low level of toxins

A

Age-0

[1B.1 Food supply for growth & survival
[IB.2 Predation and competition on survival of larvae
[1B.3 Other biotic factors affecting survival of larvae

A

Age-1+

[11B.1 Food supply for growth & survival

[11B.2 Predation and competition on survival of larvae

[11B.3 Other biotic factors affecting survival of age-0, age-1+
[11B.4 Hatchery augmentation

[1IB.5 Genetic diversity for adaptive survival
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. S i d Eggs to La
p?wrung S D Critical Uncertainties A Priori Assumptions
A Abiotic Factors

AW T i [ TR GG R E VAT N BT E TG MG EL T E18  |A.1-1 What flow is needed to cue spawning? IA.1-1a High spring flow is needed to cue spawning.
IA.1-1b Flow spikes are more important than magnitude to cue
spawning
IA.1-2 What flow is needed to maintain spawning habitat? IA.1-2a High spring flow is needed to maintain spawning habitat.
IA.1-2b Spawning occurs at a range of flows.
IA.2 Water temperature, quality for spawning & IA.2-1 How does water temperature affect spawning & egg IA.2-1a Temperature degree-days determine spawning readiness.
incubation incubation? IA.2-1b Spawning readiness is determined by a temperature
threshold.
IA.2-2 What other water quality factors affect spawning & egg IA.2-2 Turbidity, salinity determine time of spawning and affect egg
incubation? buoyancy.
IA.3 Habitat for spawning, egg retention & incubation  [NVWeES Y/ T=Ta-We oINS XV oY (s f-Ho ol U] &4 IA.3-1a Spawning in the mainstem results in downstream transport of
eggs.
IA.3-1b Spawning in floodplains helps to retain eggs & larvae near
natal areas.
IA.3-2 Where is egg survival highest? IA.3-2a Egg survival is lower in the mainstem.

IA.3-2b Egg survival is higher in floodplains.
IA.3-3 How long should floodplains persist for spawning & incubation IA.3-3 Floodplains should persist 30 days for spawning & incubation.

IA.4 Egg entrainment behind dams & in water IA.4-1 How significant is egg entrainment behind dams? IA.4-1 Egg entrainment behind dams is not significant to total egg
diversions production.
IA.4-2 How significant is egg entrainment in water diversions? IA.4-2 Egg entrainment in diversions is not significant to total egg
production.

A BioticFactors | |
IB.1 Annual egg production from variable adult IB.1-1 What is effect of prior Oct CPUEs on egg production & cohort IB.1-1a Egg production is significantly correlated to 1-3 years prior Oct
numbers strength? CPUEs.

IB.1-1b Egg production is linked to floodplain inundation and egg
retention.
IB.2 Egg production of different age & size adults IB.2-1 What is effect of age & size on egg production? IB.2-1a Older fish contribute more to egg production in years of low

fish numbers.
IB.2-1b Older fish are too few to contribute significantly to egg

production.
IB.3 Survival of eggs IB.3-1 How significant is downstream transport to total egg IB.3-1a Downstream loss of eggs from the system is significant to total
production? egg production.

IB.3-1b Abrasion of eggs in transport is significant to egg survival.
IB.3-2 How significant is fish predation to egg survival? IB.3-2 Fish predation is significant to egg survival.



Haggerty, G.M. 2019. Example of Conceptual RGSM Model.

Stayalongbank lines
Schoolingbehavior

Move around alot

Tend to stay near natalareas
Forage along shallow margins

Eggs laid and hatch on floodplains
Eggs and larvae drift onto floodplains
Larvae use floodplains as habitat (stay
on floodplain until readyto leave)
Days estimated 10/20/30/40 days
before mainstem

= Downstream Drift
= Distance
* Viability of eggs over distance/time
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Southwestern Willow Flycatcher (Empidonax traillii extimus) (SWFL)
Basic Conceptual Ecological Model for the Lower Colorado River

SWFL LIFE STAGE 1 — NEST

The nest stage lasts from when the egg is laid until either the young fledge or the
nest fails. Success during this life stage — successful transition to the juvenile
stage — involves organism survival, maturation, molt, and fledging. The
organisms actively interact with their environment.

The CEM (figures 3 and 4) recognizes five (of nine) critical biological activities
and processes for this life stage, ordered here as they appear on the following
figures:

1. Disease — Although the literature does not emphasize disease as affecting
population levels of SWFL, we still feel that disease bears mentioning,
and it has been recommended as an area for further research (Paxton et al.
2007).

The CEM recognizes genetic diversity and infectious agents as a habitat
element affecting disease.

2. Eating — The nestling must eat to maintain metabolic processes.

The CEM recognizes brood size and parental nest attendance as habitat
elements affecting eating (feeding young).

3. Nest Predation and Brood Parasitism — Both nest predation and brood
parasitism affect the survival of a nest and are affected by similar habitat
elements. Brood parasitism has been identified as a threat to SWFL
(Marshall and Stoleson 2000), although it likely only threatens small
populations (Finch et al. 2002). We have therefore combined nest
predation and brood parasitism into one process for this stage.

The CEM recognizes anthropogenic disturbance, canopy closure,
community type, intermediate structure, linear width of patch, nest
predator and cowbird density, parental nest attendance, patch size, and tree
density as habitat elements affecting nest predation and brood parasitism.

4. Molt — The nestling must molt into juvenal plumage.
The CEM does not recognize any habitat elements as directly affecting

molt. Other critical biological activities and processes influencing molt
include those affecting energy resources such as disease and eating.
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Southwestern Willow Flycatcher (Empidonax traillii extimus) (SWFL)
Basic Conceptual Ecological Model for the Lower Colorado River

5. Temperature Regulation — The eggs and nestlings must maintain an
optimum temperature to develop and survive.

The CEM recognizes canopy closure, humidity, intermediate structure,

parental nest attendance, and temperature as habitat elements directly
affecting temperature regulation.
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Figure 3.—SWFL life stage 1 — nest, basic CEM diagram.
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Basic Conceptual Ecological Model for the Lower Colorado River

SWFL LIFE STAGE 2 — JUVENILE

The juvenile stage begins at fledging and ends when the bird engages in breeding
activities, usually the following year. Success during this life stage — successful
transition to the next stage — involves organism survival and maturation. The
organisms actively interact with their environment.

The CEM (figures 5 and 6) recognizes four (of nine) critical biological activities
and processes for this life stage, ordered here as they appear on the following
figures:

1. Disease — Although the literature does not emphasize disease as affecting
population levels of SWFL, we still feel that disease bears mentioning,
and it has been recommended as an area for further research (Paxton et al.
2007).

The CEM recognizes genetic diversity and infectious agents as a habitat
element affecting disease.

2. Foraging — Although still fed by its parents, the juvenile can now also
forage for its own food in order to eat and maintain metabolic processes.
The degree to which it is dependent upon foraging relates to the feeding
rate of the parents and all of the factors affecting parent survival.

The CEM recognizes anthropogenic disturbance, canopy closure,
community type, diversity of vegetation, food availability, matrix
community, and parental feeding behavior as habitat elements affecting
foraging. Predator density affects foraging indirectly via predation, but
nothing is known about rates for juveniles. In addition, disease can also
affect the foraging efficiency of a juvenile, but it is not known to what
extent.

3. Predation — Brood parasitism is no longer a threat to the survival of
SWEFL,; therefore, it is no longer included with predation.

The CEM recognizes anthropogenic disturbance, canopy closure,
community type, intermediate structure, linear width of patch, parental
feeding behavior, patch size, predator density, and tree density as habitat
elements affecting predation.
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4. Temperature Regulation — The juvenile must maintain an optimum
temperature to survive.

The CEM recognizes canopy closure, humidity, intermediate structure,
and temperature as habitat elements directly affecting temperature
regulation.
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Southwestern Willow Flycatcher (Empidonax traillii extimus) (SWFL)
Basic Conceptual Ecological Model for the Lower Colorado River

SWFL LIFE STAGE 3 — BREEDING ADULT

The breeding adult stage begins when the bird returns to the breeding grounds
after its first or subsequent winter and ends when it departs the breeding grounds
during fall migration. Success during this life stage — successful transition to the
next stage — involves organism survival and breeding. Individuals that do not
successfully find a territory, floaters, are also included in this category even
though they do not breed. The organisms actively interact with their environment.

The CEM (figures 7 and 8) recognizes six (of nine) critical biological activities
and processes for this life stage, ordered here as they appear on the following
figures:

1. Disease — Although the literature does not emphasize disease as affecting
population levels of SWFL, we still feel that disease bears mentioning,
and it has been recommended as an area for further research (Paxton et al.
2007).

The CEM recognizes genetic diversity and infectious agents as a habitat
element affecting disease.

2. Foraging — The breeding adult must forage to feed itself and its young.
The CEM recognizes anthropogenic disturbance, brood size, canopy
closure, community type, diversity of vegetation, food availability, and the
matrix community as affecting foraging.

3. Predation — Adults must avoid predation to survive.

The CEM recognizes anthropogenic disturbance, canopy closure,
community type, intermediate structure, linear width of patch, patch size,

predator density, and tree density as habitat elements affecting predation.

4. Nest Attendance — The breeding adult must attend to the nest to incubate
eggs, brood young, and feed young.

The CEM recognizes anthropogenic disturbance, brood size, humidity,

predator density, and temperature as habitat elements affecting nest
attendance.
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5. Nest Site Selection — This process includes both territory establishment

and the placement of nests. Territory establishment is especially
important because if a bird fails to establish a territory (or find a male
with a territory in the case of females), the bird will be a floater and is
unlikely to breed during that season. The breeding adult must choose
where to place territories and nests, thereby affecting breeding success.

The CEM recognizes anthropogenic disturbance, canopy closure,
community type, conspecific attraction, distance to occupied patch,
diversity of vegetation, humidity, intermediate structure, linear width of
patch, matrix community, patch size, predator density, previous year’s use,
temperature, and tree density as habitat elements affecting nest site
selection.

Temperature Regulation — The adult must maintain an optimum
temperature to survive.

The CEM recognizes canopy closure, humidity, intermediate structure,
and temperature as habitat elements directly affecting temperature
regulation.
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Appendix F: SWFL Breeding Habitat Prediction Modeling for the Upper Gila River, Arizona
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Figure F-1. Southwestern willow flycatcher conceptual model of factors that might possibly
affect flycatcher and population dynamics that includes changing physiological and
environmental integrative proximal factors (gray), candidate explanatory variables
(green) and factors with no modeling surrogate (orange) that may affect flycatcher
productivity but have no direct data to support it.
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Fig. 2. A flowchart depicts the steps and processes we undertook to create and test a spatial model of Southwestern Willow Flycatcher breeding habitat at Roosevelt Lake,
examine factors that limit formation of habitat, and to estimate the flycatcher breeding population.
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Fig. 3. A conceptual diagram of Southwestern Willow Flycatcher breeding habitat. Habitat features thought to be important included size of floodplain, distance to water,
density and heterogeneity in riparian vegetation, vegetation seral stage, and size and shape of vegetation patches.



Western Yellow-billed Cuckoo (Coccyzus americanus occidentalis) (YBCU)
Basic Conceptual Ecological Model for the Lower Colorado River

YBCU LIFE STAGE 1 — NEST

The nest stage lasts from when the egg is laid until either the young fledge or the
nest fails. Success during this life stage — successful transition to the juvenile
stage — involves organism survival, maturation, molt, and fledging. The
organisms actively interact with their environment.

The CEM (figures 3 and 4) recognizes five (of eight) critical biological activities
and processes for this life stage. Not included are foraging, nest attendance,

and nest site selection, as they are not part of the nest life stage. The critical
biological processes and activities are presented here, ordered as they appear on
the following figures.

1. Disease — Although the literature does not emphasize disease as affecting
population levels of YBCU, we still feel that disease bears mentioning.
Diseases and parasites are prevalent in avian populations, so it is safe to
assume they have an impact on YBCU (Morishita et al. 1999). Disease
and parasite impacts along the LCR is recommended as an area of
potential research.

The CEM recognizes genetic diversity and infectious agents as a habitat
element affecting disease.

2. Eating — The nestling must eat to maintain metabolic processes.

The CEM recognizes disease as the critical biological activity and process
affecting eating, as does the habitat element of parental nest attendance.

3. Predation — Predation affects the survival of a nest.

The CEM recognizes anthropogenic disturbance, canopy closure,
community type, diversity of vegetation, intermediate structure, linear
width of patch, parental nest attendance, patch size, predator density, and
tree density as habitat elements affecting nest predation.

4. Temperature Regulation — The eggs and nestlings must maintain an
optimum temperature to develop and survive.

The CEM recognizes canopy closure, humidity, intermediate structure,
parental nest attendance, and temperature as primary habitat elements
directly affecting temperature regulation. The only critical biological
activity and process having a direct impact on temperature regulation is
disease.
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Basic Conceptual Ecological Model for the Lower Colorado River

5. Molt — The nestling must molt into juvenile plumage.
The CEM recognizes the critical biological activities and processes of

disease and eating as influencing molt. The CEM does not recognize any
habitat elements as directly affecting molt.
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Basic Conceptual Ecological Model for the Lower Colorado River
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Figure 3.—YBCU life stage 1 — nest, basic CEM diagram showing the relevant controlling factors, habitat elements, and critical biological activities and processes at this life stage.
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Figure 4.—YBCU life stage 1 — nest, high- and medium-magnitude relationships showing the relevant controlling factors, habitat elements, and critical biological activities and processes at this life stage.
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Basic Conceptual Ecological Model for the Lower Colorado River

YBCU LIFE STAGE 2 — JUVENILE

The juvenile stage begins at fledging and ends when the bird returns to the
breeding grounds the next year. However, for the sake of this analysis, we
will only emphasize the period between fledging and departure during autumn
migration.

Success during this life stage — successful transition to the next stage — involves
organism survival and maturation. The organisms actively interact with their
environment.

The CEM (figures 5 and 6) recognizes five (of eight) critical biological activities
and processes for this life stage. Eating, nest attendance, and nest site selection
are not included, as they are part of other life stages. The critical biological
processes and activities are presented here, ordered as they appear on the
following figures.

1. Disease — Although the literature does not emphasize disease as affecting
population levels of YBCU, we still feel that disease bears mentioning.
Diseases and parasites are prevalent in avian populations, so it is safe to
assume they have an impact on YBCU (Morishita et al. 1999). Disease
and parasite impacts along the LCR is recommended as an area of
potential research.

The CEM recognizes genetic diversity and infectious agents as a habitat
element affecting disease.

2. Foraging — Although still fed by the adult parents, the juvenile can now
also forage for its own food in order to eat and maintain metabolic
processes.

The CEM recognizes anthropogenic disturbance, canopy closure,
community type, diversity of vegetation, food availability, parental
feeding behavior, the matrix community, and patch phenology as habitat
elements affecting foraging. Foraging is directly affected by the critical
biological activity and process of disease.

3. Predation — Predation directly affects survival.
The CEM recognizes anthropogenic disturbance, canopy closure,
community type, intermediate structure, linear width of patch, parental

feeding behavior, patch size, predator density, and tree density as habitat
elements directly affecting predation rates.
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4. Temperature Regulation — The juvenile must maintain an optimum
temperature to survive.

The CEM recognizes canopy closure, humidity, intermediate structure,
and temperature as habitat elements directly affecting temperature
regulation. Disease as a critical biological activity and process can have
influences on temperature regulation.

5. Molt — The juvenile must molt into basic plumage, and the process begins
on the breeding grounds. Molt affects survival.

The CEM does not recognize any habitat elements as directly affecting
molt but many do indirectly through their impacts on foraging and eating.
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Figure 5.—YBCU life stage 2 — juvenile, basic CEM diagram showing the relevant controlling factors, habitat elements, and critical biological activities and processes at this life stage.
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Figure 6.—YBCU life stage 2 — juvenile, high- and medium-magnitude relationships showing the relevant controlling factors, habitat elements, and critical biological activities and processes at this life stage.
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YBCU LIFE STAGE 3 — BREEDING ADULT

The breeding adult stage begins when the bird returns to the breeding grounds
after its first or subsequent winter and ends when it departs the breeding grounds
during fall migration. Success during this life stage — successful transition to the
next stage — involves organism survival and breeding. Individuals that do not
successfully find a territory, floaters, are also included in this category even
though they do not breed. The organisms actively interact with their environment.

The CEM (figures 7 and 8) recognizes seven (of eight) critical biological
activities and processes for this life stage. Eating is not included as it is part of
the nest life stage. The critical biological processes and activities are presented
here, ordered as they appear on the following figures.

1. Disease — Although the literature does not emphasize disease as affecting
population levels of YBCU, we still feel that disease bears mentioning.
Diseases and parasites are prevalent in avian populations, so it is safe to
assume they have an impact on YBCU (Morishita et al. 1999). Disease
and parasite impacts along the LCR is recommended as an area of
potential research.

The CEM recognizes genetic diversity and infectious agents as a habitat
element affecting disease.

2. Foraging — The breeding adult must forage to feed itself and its young.
Both their survival and their young are dependent upon the foraging rate,
which can be influenced by a number of factors.

The CEM recognizes anthropogenic disturbance, brood size, canopy
closure, community type, diversity of vegetation, food availability, the
matrix community, and patch phenology as habitat elements directly
affecting foraging. Disease is a critical biological activity and process that
also directly affects foraging.

3. Predation — Adults must avoid predation to survive.
The CEM recognizes anthropogenic disturbance, canopy cover,
community type, linear width of patch, patch size, predator density, and

tree density as habitat elements affecting predation. There are no critical
biological activities and processes that directly affect predation.
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4. Nest Site Selection — The breeding adult must choose where to place the
nest, as nest placement will affect breeding success.

The CEM recognizes anthropogenic disturbance, canopy closure,
community type, diversity of vegetation, humidity, intermediate structure,
linear width of patch, the matrix community, patch phenology, patch size,
predator density, temperature, and tree density as habitat elements
affecting nest site selection. There are no critical biological activities and
processes that directly affect nest site selection.

5. Nest Attendance — The breeding adult must attend the nest to incubate
eggs, brood young, and feed young.

The CEM recognizes anthropogenic disturbance, brood size, humidity,
predator density, and temperature as habitat elements affecting nest
attendance. Disease and foraging are the critical biological activities and
processes that directly affect nest attendance.

6. Temperature Regulation — The adult must maintain an optimum
temperature to survive.

The CEM recognizes humidity and temperature as well as canopy
closure and intermediate structure as primary habitat elements affecting
temperature regulation. The critical biological activity and process of
disease directly affects temperature regulation.

7. Molt — The adult must undergo a post-nuptual molt, and the process
begins on the breeding grounds. This activity takes resources that must be
directed from other biological processes. Molt requires food (through
foraging) and is impacted by disease.

The CEM does not recognize any habitat variables as directly affecting
molt.

46



Controlling
Factor

Link#

Habitat
Element

Link#

Critical
Activity or
Process

Linki#

Link Magnitude

- High — thick line
—- Medium — medium line
—_— Low — thin line
—_— Unknown — very thin line
Link Understanding
— High — black line
E — Medium — blue line
L — Low —red line
Link Predictability
:o.ooo‘ High-— black text
0.000, Medium — blue text
~ -
o.ooo‘ Low — red text
\0.000‘ Unknown — grey text

Western Yellow-billed Cuckoo (Coccyzus americanus occidentalis) (YBCU)
Basic Conceptual Ecological Model for the Lower Colorado River

Nuisance
Pesticide Fire Grazii Recreational Mechanical Natural Species Planting
Application Management g Activities Thinning Thinning 3.075 | Introduction & Regime System Design
Management & Operation
T 3,086 31147 Na i 3.029 > I3.091 il 3.031
3.073 2978 5115 3.042 3.087
< 3.113 3.032 3.030 3,080
3.062 3971 T 3.070
3.116 3.066
3.033 . T 3.043 3.089 3.041
3.027
3.061 3.109
3.067
3.057 3.118
3.111
TS 3.088
Genetic ' Anthropo- e i
Diversity & Fo?d . genic Canopy Come | Diversly .. Aneer Linear | Predator | Local M Tree Patch .| Tempera-
s Availa- |Brood Size y munity of Humidity | mediate i Com- . Patch Size
Infectious L. Distur- | Closure . Width Density |Hydrology Density |Phenology ture

oeni bility hinis Type |Vegetation Structure munity

\/

3.

121
3.015

3.005

3.038

A/

3.034 3,024

Disease Foraging

3.012 A\

LN

%

3.120

3.008

\ &
| PN

RS

3.017

a
A

RAWS—
v/ ,
e

Predation

& .081

3.119 3.107

3.050

f >3

\“ ’ 3.006

\

@ ;Q"

=%

DA

Ny ’§ ‘

3.083

Nest Site
Selection

A L AN
AN SA |y 4
AN

LY

B

N ‘

"V Iy 3.084 ~ l’/ /‘/
T A
= 4""1’4" 3-080

DS
a-

Temperature

Regulation ot

Figure 7.—YBCU life stage 3 — breeding adult, basic CEM diagram showing the relevant controlling factors, habitat elements, and critical biological activities and processes at this life stage.
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Figure 8.—YBCU life stage 3 — breeding adult, high- and medium-magnitude relationships showing the relevant controlling factors, habitat elements, and critical biological activities and processes at this life stage.
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