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Executive Summary

The FHTA presents a unique opportunity to develop an understanding of how damaged
landscapes heal themselves, how these healing processes impact various ecosystem services that
are unique to Alaska, and to use these scientific insights in making decisions about how best to
manage these landscapes.

Observations documented during aerial pest surveys suggest that the FHTA includes many of the
major insect pests found throughout the forests of South Central Alaska, and highlights the
potential value of the FHTA as a key survey location to use in mortality trends. It also illustrates
the strengths and weaknesses of aerial surveys of using this technique for capturing conditions in
select active forest health stands.

Although there are numerous challenges and variables to consider when assessing trap catches,
the number of beetles caught can be very useful when trying to assess a threat to a more localized
area or to set a base line to monitor population fluctuations and whether populations increase or
decrease over time. Trapping conducted in the summer of 2015 will provide such a starting point
from which to observe population fluctuations going forward.

Spruce beetles and Ips (Ips perturbatus) were at very low levels throughout the summer trapping
period and at all locations. Pseudips beetles (Pseudips concinnus) had slightly greater numbers
and most were confined geographically to sites closer to Seward. Ambrosia beetles
(Trypodendron lineatum), in contrast, were very abundant at Primrose and Seward sites, less at
Exit Glacier and Johnson Pass and largely absent at all times at the Upper Russian Lake site.

How does the forest health condition within the FHTA compare to areas outside of the
area? How typical is this area of northern forested sites that will probably experience

increasing stress as the climatic conditions change? What can the FHTA tell us about
future pest impacts? That was the aim of the latitudinal transect long term monitoring
project, which was established in 2008.

Insect abundance in Alaska varies with time and place. Within the FHTA, only ambrosia
beetles and Ips beetles were caught in the traps established for measuring abundance.
The reason that ambrosia beetles are so dominant is unknown. Whatever the explanation,
this behavior suggests that conditions in the FHTA may be changing in ways that are
perceived by this insect, but not by people. If so, it may be a potentially useful bio-
indicator of large scale environmental change.

Much has been written and researched about the dynamics of spruce beetle and its impacts on
various aspects of lives of the people living in the FHTA and beyond. Communities differed in
the way they perceived and responded to threats and hazards created by the beetle. Many forest
resources and services were impacted on the both the short and long term.

Arguably, the infestations on the Kenai are among the most thoroughly studied of all bark beetle
projects anywhere. Much of that research was conducted by USDA Forest Service personnel
working out of the Broadview Field Station, which is within the FHTA.
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Introduction

The 2014 Farm Bill designates a large section of the Chugach NF as a “Forest Health Treatment Area”
(FHTA). Within this area, the Chugach NF has been directed to address management efforts aimed at
improving forest health. By offering suggestions on the direction of this effort, R10 FHP personnel could
ensure that current, and predicted future, forest health issues would be addressed.

The purpose of this project is to describe what is known about the forest health of the FHTA based on
existing published literature and newspaper articles, unpublished reports, and other correspondence and
personal interviews and basic field surveys and monitoring. What have previous surveys have shown
about the forest health in the FHTA? What has previous Research shown about the disturbance agents
and their dynamics in the FHTA? What management issues and questions have arisen from previous pest
outbreaks in the FHTA? The comments below offer a preliminary progress report.

The Kenai Peninsula attracts millions of visitors, most of whom travel to or through the FHTA to reach
their various destinations. These visitors inject substantial sums of money into the local and state
economies. Many Kenai communities depend on accessible, healthy, and visually pleasing corridors of
travel (cars and trucks, trains, bikes, boats, hikers) through the FHTA.

The vistas along the roadways within the FHTA serve for many as the recreational and aesthetic gateway
to The Alaskan Experience. The FHTA itself includes some of the most popular tourist destinations
worldwide; e.g. the Russian River salmon fishing areas. The FHTA provides many unigue ecosystem
services that strengthen the brand image of the USFS worldwide.

The Kenai Peninsula has a well-known history of catastrophes caused by forest pests; most notable of
which is the infamous spruce beetle (Dendroctonus rufipennis (Kirby)) outbreak (referred to in this report
as the ‘SBB Kenai outbreak’) of the late 1990s. Not only did this outbreak impact ecosystem resources
and services in the FHTA, but it greatly impacted the public perception of fire risk and recreational
opportunities of residents and visitors to this area.

The spruce beetle outbreak remains one of the most infamous and well-studied large scale forest
disturbances, anywhere by anyone. Consequently, baseline information about socio-economic and
ecological impacts on various ecosystem goods and services within the FHTA is well-documented, but
scattered.

Management Concerns

A series of landscape assessment internal reports by the Chugach National Forest (Anonymous 2010;
Benoit et al. 2005; Benoit et al. 2007; Benoit et al. 2011; Benoit and Johansen, et al. 2004; Bleanchet et
al. 2004, DeVelice and Sherburne 2007; Hermandorfer, C. et al. 2010) document management concerns

related to forest health within the FHTA:

How has the spruce bark beetle infestation affected the plant community composition, structure,
and function, and how will it continue to affect the landscape over time? (Russian River Landscape
Assessment report, 2004)

How has spruce bark beetle infestation affected the watershed, and the distribution and abundance

of threatened, endangered, or sensitive wildlife species, management indicator species, and species
of special interest? For example, no quantitative information exists on reference conditions for
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goshawks. Undoubtedly, goshawks have been impacted by the spruce bark beetle infestation,
causing reduction in potential nesting habitat. (Russian River Landscape Assessment report, 2004)

Spruce bark beetle infestation in the watershed may result in an increased risk of natural or human-
caused wildfire, with associated degradation of air quality. Question: Will the spruce bark beetle
outbreak in the area, along with increased recreation use, increase the threat of wildfire impacting
the drainage area due to unwanted ignitions? (Resurrection River 2010)

Coho salmon (Oncorhynchus kisutch) are important to the city of Seward for the annual silver
salmon derby. Question: What effect will the infestation of spruce bark beetles and climate change
have on frequency of fire, riparian vegetation, habitat complexity and in-stream large woody debris
recruitment? (Resurrection River 2010)

How has the bark beetle affected the mature and old growth conifer availability and fire risk to
wildlife habitat? (Resurrection River 2010)

The FHTA presents a unique opportunity to develop an understanding of: the long-term effects of biotic
disturbances, like spruce beetle outbreaks; how damaged forested landscapes in South Central Alaska heal
themselves; how impacts and subsequent healing processes affect ecosystem services provided by these
landscapes.

Objectives

The objectives of this study is to address the following questions:

e Objective 1: What is the current insect pest and disease condition of the FHTA?

o Objective 2: How has the spruce beetle outbreak of the 1990s affected ecosystem processes and
the services they provide in the FHTA?

o Objective 3: What has previous Research conducted in the FHTA shown about the disturbance
agents that have impact forest health?

Obijective 1: What is the current insect pest and disease condition of the Chugach
NF FHTA?

The following information sources were used here to describe current pest conditions in the FHTA: i)
annual USFS forest pest aerial surveys, ii) current (2015) insect trapping in the FHTA, iii) current
Cerambycidae pheromone testing for insect monitoring, iv) insect pest trapping along a latitudinal
transect from Seward to the Brooks Range.

i) Aerial Survey Observations.

From 2010 to 2014 annual FHP aerial pest detection surveys noted the following 11 insect pests and 1
disease attributed tree deaths or injuries within this area (Table 1; Figure 1).
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Table 1. Number of counted incidences noted by observers
Year
Condition/Agent 2010 | 2011 | 2012 | 2013 | 2014
Alder defoliation 1 11 13 10
Alder dieback/canker 4 11
Aspen defoliation 3
Aspen leaf miner 1 2
Betula nana defoliation 4
Birch defoliation 5 6 1
Birch thinning 14
Cottonwood defoliation 4 1
Hardwood defoliation 9 1
Large aspen tortrix 1
Spruce beetle 6 4
Willow defoliation 4 7 3

Alder defoliation — Three defoliating sawflies have been reported from this area: striped alder sawfly
(Hemichroa crocea), alder woolly sawfly (Eriocampa ovata) and the green alder sawfly (Monsoma
pulveratum). The green alder sawfly, which is an exotic invasive, has been especially severe in riparian
areas of the FHTA

Alder defoliation/canker — A disease caused primarily by the fungus Valsa melanodiscus , which causes
branches and sometimes entire alder to die.

Aspen defoliation — Probably aspen leaf miner.

Aspen leaf miner — A widespread leaf feeder (Phyllocnistis populiella) that occurs mostly in areas north
of the Kenai.

Betula nana defoliation — This condition is associated with the geometrid moth (Epirrita undulata), which
causes severe early season defoliation in shrub birch at high elevations. Apparently, this species acts
much like its relative the autumnal moth (Epirrita autumnata) in Europe, where outbreaks occurred
roughly every 9 to 12 years.

Birch defoliation —Birch has been defoliated by the invasives Amber-marked birch leaf miner (Profenusa
thomsoni) and its cousin the late edge birch leaf miner (Heterarthrus nematorus).

Birch thinning — At first this was thought to be a complex disorder, but now it is believe that the thin off-
colored crowns were due to a heavy mast year and not any specific biotic disturbance.

Cottonwood defoliation — In 2010 and 2011, this condition was caused primarily by the birch leaf roller
(Epinotia solandriana).

Hardwood defoliation — This condition is caused by several different insects. One of the most notable
recently has been the geometrid moths (E. undulata) and Bruce spanworm (Operophtera bruceata), both
of which have broad host ranges. Apparently, these overlap in distribution, but their relatively roles in
different plant/forest stands is not well known.
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Figure 1. Injury caused by different insect pests and diseases within the FHTA observed
during annual FHP aerial pest surveys — 2010 to 2014.
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Large aspen Tortrix (Choristoneura conflictana)
Willow defoliation — Mostly E. undulate, as described above.

Spruce beetle — Dendroctonus rufipennis. The spruce beetle is one of the most destructive spruce
attacking beetles. When populations are at endemic levels, it typically attacks older, damaged and dying
trees that are too weak to provide adequate defenses. In areas of significant disturbance and when
conditions are conducive, epidemic populations can build, causing healthy trees to be attacked when
dying and damaged resources are consumed or become unsuitable (Bright, 1976; Wood, 1982).

Comments. Observations documented during aerial pest surveys suggest that the FHTA includes many of
the major insect pests found throughout the forests of South Central Alaska, and highlights the potential
value of the FHTA as a key survey location to use in mortality trends. It also illustrates the strengths and
weaknesses of aerial surveys and highlights the importance of ground-based monitoring and survey
assessments as well.

i) Insect Trapping in the Forest Health Treatment Area. Summarized by Garret Dubois,
Biological Science Technician, USDA Forest Service, State and Private Forestry, Forest
Health Protection

Six sampling sites within the FHTA were selected to monitor the current forest health in the area, with the
possible inclusion of additional sites in the future (Table 2; Figure 2). Seven sites were originally selected,
with one being lost due to timber harvesting.

Table 2. Locations and general site characteristics
E -8 € g 9 > >
c | 2] 8% g3 £3 Sg Sz
B8 3 I 5 S gl eg =g 25 25 2 g
o () - 4 § < g @ s o g o g2 3 é
@ M el S eg £ S
FHTA Upper 60.37518 - 1285 | 180 na Mt Mt hemlock/ moss/ mod
1 Russian 149.71005 hemlock/ spruce Shepherdia to
Lake spruce canadensis heavy
FHTA Juneau 60.49884 - 1037 | 30 spruce/ aspen/ birch birch highbush open
2 Creek 149.94118 birch cranberry/ to low
Road highbush
blueberry/ low
cranberry
FHTA Johnson 60.50332 - 519 | 100 birch/ spruce/ spruce/ birch ferns/ moss low to
3 Pass Trail 149.43039 spruce birch mod
south
FHTA | Primrose | 60.33803 - 475 | 120 na spruce/ Mt spruce/ Mt spruce/ Mt open
4 Trail 149.37245 hemlock hemlock hemlock to low
FHTA Seward 60.24361 - 625 | 270 | spruce/ Mt spruce/ Mt Mt hemlock/ blueberry/ mod
5 Highway 149.35988 hemlock hemlock spruce devils club to
rest stop heavy
FHTA Exit 60.18416 - 350 | 200 spruce/ spruce/ cottonwood/ devils club/ Mt | low to
6 Glacier 149.56065 cottonwood cottonwood Mt hemlock hemlock mod

7|Page



2015 Forest Health Treatment Alea
Forest Plot and Insect Trap

>

Plot and Trap Locations
@ Fiot Locations
[ FaBoundary

-
0 35 7 14 21

c.musrsmoms—@ﬁé

Figure 2. Locations of the plots with in the FHTA during 2015.
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At each site, separate baited funnel traps were used to catch spruce beetle (Dendroctonus rufipennis),
northern spruce engraver (NSE) (Ips perturbatus) and the striped ambrosia beetle (SAB) (Trypodendron
lineatum) (Table 3). In addition, a general lure for wood borers and an unbaited pitfall trap for ground
beetles were included. Traps were set between 60-75” apart and ideally 100’ from any road edge. Traps
were hung by para-cord between two trees that were about 15-20 feet apart and no closer to a tree than 5
feet. This location insures that the traps are obscured as little as possible. Traps were hung with the tops at
a height of 6+/- feet above the ground, while the bottom of the traps were about 2 feet off the ground.

Spruce beetles and Ips (Ips perturbatus) were at very low levels throughout the summer trapping period
and at all locations (Figures 3 and 4, resp.). Pseudips beetles (Pseudips concinnus) had slightly greater
numbers and most were confined geographically to sites closer to Seward (Figure 5). Ambrosia beetles
(Trypodendron lineatum), in contrast, were very abundant at Primrose and Seward sites, less at Exit
Glacier and Johnson Pass and largely absent at all times at the Upper Russian Lake site (Figure 6).

Table 3. Traps and lures used in FHTA insect trapping
Trap | Trap type Lure type Target species

#

1 Funnel ethanol general woodborers

2 Funnel ethanol + a-pinene general woodborers

3 Funnel northern spruce northern spruce engraver, Ips
engraver lure perturbatus

4 Funnel spruce beetle lure spruce beetle, Dendroctonus

rufipennis
5 Pitfall passive trap, no lure ground beetles, Carabidae

Spruce beetle. A total of 337 spruce beetles were captured (Table 4). The number of beetles collected at
each site in 2015 was extremely low. All but one collection contained less than 50 beetles! The number of
spruce beetles collected in the FHTA currently shows that populations are likely at or below low endemic
levels in those areas that were sampled. Spruce beetle was collected in greater numbers early in the
trapping season with the highest numbers collected from areas heavy to spruce.

Table 4. Number of spruce beetles trapped in FHTA in 2015
Dendroctonus 15- 30- 13- 27- 10- 24-
rufipennis 2-Jun Jun Jun Jul Jul | Aug | Aug
Upper Russian

site 1 Lakes Trail 5 1 11 0 0 0 0

site 2 Juneau Creek Road 21 5 4 0 0 0 0
Johnson Pass Trail

site 3 South 34 24 4 1 0 0 0

site 4 Primrose Trail 15 34 12 2 4 0 0
Seward Highway

site 5 Rest Stop 11 19 6 1 0 0 0

site 6 Exit Glacier 67 39 14 3 0 0 0
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Figure 3. Dendroctonus rufipennis seasonal abundance curves.
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Figure 4. Ips perturbatus seasonal abundance curves.
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Figure 5. Pseudips concinnus seasonal abundance curves.
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Figure 6. Trypodendron lineatum seasonal abundance curves.
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Northern spruce engraver (NSE). A total of 10 NSE beetles were captured (Table 5). NSE typically
attacks stressed, dying and fallen trees (Bright, 1976; Wood, 1982), which includes damaged trees within
and on edges of wildfires and wind throw. In the wake of disturbances, populations can grow quite large,
causing healthy trees to be attacked when dying and damaged resources are consumed or become
unsuitable.

Table 5. Number of Ips beetles trapped in FHTA in 2015
15- 30- 13- 27- 10- 24-

Ips perturbatus 2-Jun Jun Jun Jul Jul| Aug | Aug
Upper Russian Lakes
site 1 Trail 0 0 0 1 0 0 2
site 2 Juneau Creek Road 6 0 1 0 0 0 0
Johnson Pass Trail
site 3 South 0 0 0 0 0 0 0
site 4 Primrose Trail 0 0 0 0 0 0 0
Seward Highway
site 5 Rest Stop 0 0 0 0 0 0 0
site 6 Exit Glacier 0 0 0 0 0 0 0

Pseudips concinnus. A total of 331 P. concinnus were captured (Table 6). Pseudips concinnus typically
attacks live, stressed and dying Sitka spruce but causes little observable damage or mortality (Bright,
1976; Wood, 1982). As with D. rufipennis and I. perturbatus, the number of P. concinnus beetles
collected was at low endemic levels in the areas it was collected. At sites with a larger Sitka spruce
component, P. concinnus trap catchers were higher than those that had little or no Sitka spruce.

Table 6. Number of Pseudips beetles trapped in FHRA in 2015
15- 30- 13- 27- 10- 24-
Pseudips concinnus | 2-Jun Jun Jun Jul Jul | Aug| Aug
Upper Russian Lakes
site 1 Trail 1 0 0 1 0 2 2
site 2 Juneau Creek Road 0 0 0 0 0 1 0
Johnson Pass Trail
site 3 South 0 0 0 0 0 1 0
site 4 Primrose Trail 1 1 0 0 0 2 8
Seward Highway
site 5 Rest Stop 2 12 4 1 18 8 26
site 6 Exit Glacier 24 45 30 71 3 1 66

Striped ambrosia beetle (SAB). A total of 112,163 SAB were captured (Table 7). In the forest, SAB is not
a primary pest, but rather a secondary pest that infests recently cut logs, stumps, dying and recently dead
spruce trees (Bright, 1976; Wood, 1982). Although it is typical for SAB to infest suitable trees at very
high densities (Borden, 1988), the excessive numbers caught here is difficult to explain. Much more
research needs to focus on this beetle
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Table 7. Number of ambrosia beetles trapped in FHRA in 2015
Trypodendron 15- 30- 13- 27- 10- 24-
lineatum 2-Jun Jun Jun Jul Jul| Aug | Aug
Upper Russian

site 1 Lakes Trail 3 2 2 15 0 1 0

site 2 Juneau Creek Road 24 2 2 0 0 0 0
Johnson Pass Trail

site 3 South 30 734 | 2019 | 4975 | 458 35 15

site 4 Primrose Trail 5294 | 13638 | 12832 | 4445 | 204 21 17
Seward Highway

site 5 Rest Stop 13261 | 15103 | 13080 | 9798 | 442 62 11

site 6 Exit Glacier 2395 | 4969 | 3644 | 4415 | 169 23 23

Ground beetles. Pitfall traps were deployed to collect ground beetles (Carabidae) to help assess changes
in the local populations. Pitfall trap collection results are forthcoming.

Comments. It is often hard to determine true population and threat levels from trap catches, and basing
landscape wide conclusions and decisions on trap catches can be problematic. Often times, localized site
characteristics have a considerable effect on the diversity, richness and total individuals in any given
sample collection. Although there are numerous challenges and variables to consider when assessing trap
catches, the number of beetles caught can be very useful when trying to assess a threat to a more localized
area or to set a base line to monitor population fluctuations and whether populations increase or decrease
over time. Trapping conducted in the summer of 2015 will provide such a starting point from which to
observe population fluctuations going forward.

iii) Testing Cerambycidae pheromones for insect monitoring. Summarized by Elizabeth
Graham. Forest Entomologist, USDA Forest Service, State and Private Forestry, Forest
Health Protection

Thirty-one cerambycid species have been collected in Alaska; however it is likely that other species are
present. Previous work has shown that generic volatile pheromones are an extraordinarily sensitive tool
for detecting rare/luncommon cerambycid species. Thus, a trial survey for cerambycids in the FHTA has
been conducted to help refine methods which could lead to new species records for the state and
improved information about geographic distributions of previously-collected species. Results from the
trapping effort are pending.

Two separate sites were established on Juneau Creek Road. Each (Table 8) site focused on a unique set of
wood boring insect lures to test. The first site was labeled Woodborer Test (WT). Six panel traps were
deployed in a single transect at the WT site, each containing a different lure. The second site was labeled
Tetropium vs Fuscumol (TF), where ten panel traps were deployed in two parallel transects. Two lures
were deployed in the TF site, in five blocks of two.

Each of the traps at both sites was baited with its unique lure (Table 9). Traps were set between 60-75’
apart and ideally 100’ from any road edge. Traps were hung by para-cord between two trees that were
about 15-20 feet apart and no closer to a tree than 5 feet. This location insures that the traps are obscured
as little as possible. Traps were hung with the tops at a height of 6+/- feet above the ground, while the
bottom of the traps were about 2 feet off the ground.
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Table 8. Site locations for Cerambycidae lure tests
Site Lat Lon Elevation BA Dominant Intermediate Understory Understory
(ft) (sgft) tree species tree species species density

WT Juneau Creek 60.49609 -149.96515 837 80 spruce birch highbush mod

Road cranberry/low

blueberry

TF Juneau Creek 60.48898 -149.95134 524 50 spruce aspen/birch crowberry/ open to low

Road clubmoss

Table 9. Trap types and lures used in Cerambycidae lure tests
Trap # Trap type Lure type Target species
WT 1 Panel Methyl butanol General Cerambycidae woodborers
WT 2 Panel Fuscumol acetate General Cerambycidae woodborers
WT 3 Panel 3-hydroxy octenone General Cerambycidae woodborers
WT 4 Panel Blank General Cerambycidae woodborers
WT5 Panel 3-hydroxy hexanone General Cerambycidae woodborers
WT 6 Panel Hexane diol General Cerambycidae woodborers
TF Panel Fuscumol acetate Tetropium sp.
1,35,79
TF Panel Tetropium Tetropium sp.
2,4,6,8,10

Results — Not yet available.

Comments. This project builds on a previous STDP project (NA-2010-01) and will improve trapping
techniques to detect potentially invasive woodborers in temperate rainforest and boreal forests of
Alaska. New technologies are critical for effective detection and monitoring of non-native cerambycid
beetles. Early detection of potentially invasive pests is necessary for a rapid management response, and
will strengthen forest health programs across the U.S. There are currently no monitoring programs for
cerambycid beetles in Alaska, increasing the risk that non-native woodborers could become established
and remain undetected until serious impacts occur.

iv) Latitudinal Transect Long Term Monitoring Project

How does the forest health condition within the FHTA compare to areas outside of the area?
How typical is this area of northern forested sites that will probably experience increasing stress
as the climatic conditions change? What can the FHTA tell us about future pest impacts? That
was the aim of the latitudinal transect project established in 2008.

During 2008, an insect trapline was established that extended from Seward to the Brooks Range,
a distance of roughly 600 miles. This transect included plots within the FHTA (Figure 7).
Trapping continued from 2008 to 2011 with plans to repeat every 5 to 10 years. The original
intent short-term (3 to 5 years) goal of this study was to develop analytical and predictive tools
based on rapid life-cycling insect populations that would be useful in understanding the effects of
climate change in circumpolar northern forests. The specific objectives, were:
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1) Establish a latitudinal transect composed of sample plots from Seward to the Brooks
Range with a representative distribution among elevation, aspect, climate zone,
vegetation, and other characteristics.

The logistical bugs were worked out for establishing and maintaining an 600 mile insect trap line
where plots are placed on sites of various ownerships, security and trespass issues, permitting
requirements, and safety concerns. Two plots were established within the bounds of the FHTA.
These were located in the southernmost part of the transect near Seward (Figure 7).
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Figure 7. Overall view of the latitudinal transect and the distribution of trapping locations.
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Relative Abundance at Different Latitudes
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Figure 8. Relative abundance of various insect species averaged over 2008 to 2011.
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2) Collect insects representative of selective guilds, emphasizing the herbivorous species
that comprise the major forest pest scolytids and woodborers in Alaska.

The most abundant insect for each of the collection years was ambrosia beetle (Table 10; Figure
8). The least abundant was consistently the spruce beetle and wood borers. Within the FHTA,
only ambrosia and Ips beetles were found; notably, spruce beetle was minimal or absent over the
entire collection period.

Table 10. Total numbers of individuals collected for each insect species at all latitudes.
Insect species Number

2009 2010 2011
Spruce Beetle 25 117 122
Northern Engraver Beetle 2693 4631 2318
Spruce Budworm 3084 774 1518
Wood Borers 187 103 45
Ambrosia Beetles 8800 52985 13590

Distribution along the transect varied with location and time of year (Figure 9). Spruce beetles
abundance was low at all collection dates at all locations. Ips populations peaked at mid-season
in the north and at late season in the south. Wood borers were most abundant in mid to
northernmost latitudes at each collection date, but their numbers were very low at all times and
all latitudes. With the exception of ambrosia beetles, abundance within the FHTA was minimal
compared to the rest of the transect. In contrast, ambrosia beetles were far more abundant in the
southernmost locations, especially in the FHTA, and showed the largest numbers early in the
season.
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Figure 9. Abundance versus latitude at different collection dates during 2009.
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Comments. Insect abundance in Alaska varies with time and place. Within the FHTA, only
ambrosia beetles and Ips beetles were caught in the traps established for measuring abundance.
The reason that ambrosia beetles are so dominant is unknown. This species is known to attack
recently killed or highly stressed trees, but is not known to be an aggressive pest. In another
study (Reich et al. 2014), we found ambrosia beetle abundance correlated with long-term
temperature/precipitation conditions and that these changes may be creating enough stress in
trees to change their physiology in ways that ambrosia beetles can perceive. In this regard,
Trypodendron lineatum is known to be sensitive to ethylene, a volatile chemical produced by
trees under stress. Whatever the explanation, this behavior suggests that conditions in the FHTA
may be changing in ways that are perceived by this insect yet not currently seen or observed by
people. If so, it may be a potentially useful bio-indicator of large scale environmental change.

Objective 2: How has the spruce beetle outbreak of the 1990s affected ecosystem
processes and the services they provide in the FHTA?

According to the Resurrection River Landscape Assessment (2010),

“Among the softwoods, the principal biotic disturbance agent continues to be the spruce bark
beetle (Dendroctonus rufipennis) which affects spruce. Other biotic disturbance agents include
other bark beetles, animals, people, various rots, and occasionally defoliators. These other biotic
disturbance agents are a small contributor to change within stands of softwoods in this area.”

This sentiment is repeated in many of the assessment documents written about locations within the
FHTA, which were reviewed for this project (Anonymous 2010; Benoit et al. 2005; Benoit et al. 2007;
Benoit et al. 2011; Benoit and Johansen, et al. 2004; Bleanchet et al. 2004; DeVelice and Sherburne 2007;
Hermandorfer, C. et al. 2010).

As a consequence, much has been written and researched about the dynamics of this pest and its impacts
on various aspects of lives of the people living in the FHTA and beyond. For instance, Flint and her
colleagues conducted studies of the beliefs and behaviors of six communities on the Kenai Peninsula
related to the spruce beetle outbreak (Flint 2006, 2007; Flint and Luloff 2005, Flint and Haynes 2006).
Both Moose Pass and Cooper Landing were included among the communities surveyed. Impacts were
split into several different categories on the basis of perceived negative and positive impacts, which
varied across many resources, services, and opportunities (Table 11).

According to the results, Flint was able to show that Moose Pass residents perceived impact of increased
threat of falling beetle-killed trees, aesthetic loss, fire hazard, hazards along trails and loss of property
value greater than any other community surveyed (Table 3). Based on these observations, Moose Pass
seemed to be an outlier that differed from all other communities. Cooper Landing residents, in contrast,
perceived much less impact than Moose Pass than any other community.
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Table 11. Average of degree of impact (1 = very negative; 5 = very positive)*
Impacts Homer | Anchor | Ninilchik | Cooper Moose Seldovia | Total
Point Landing | Pass

Falling trees 2.07 2.18 2.05 2.36 1.36 2.14 211
Aesthetic loss 2.02 212 1.99 2.26 1.8 2.18 2.06
Fires hazard 2.11 2.25 2.36 2.45 1.86 2.72 2.24
Land us conflicts | 2.3 2.33 2.32 2.43 2.19 2.03 2.29
Trail/forest access | 2.3 2.64 2.7 2.45 2.21 2.62 2.48
Property value 2.75 2.34 2.4 256 2.11 2.62 2.52
Logging 2.9 3.16 3.24 2.96 2.77 2.75 3.02
Timber industry 3.3 3.46 3.46 2.64 3 2.58 3.33
Job creation 3.23 3.42 3.45 2.73 3.08 3.03 3.29
Forest 3.39 3.41 3.29 3.55 3.43 3.32 3.38
rejuvenation

Forest awareness | 3.64 3.48 3.27 3.67 3.77 3.38 3.53
Firewood 3.3 3.9 3.51 4.11 3.85 3.49 3.78
*from Flint (2006),

Flint et al. (2009) states, ... humans are affected by the spruce beetle in many ways. For some, it is a
welcomed opportunity to gain more firewood or house logs, or open up a view. For others, itis a
devastating economic loss or a heart-wrenching change to the scenery and character of the environment.”
For instance, Jackinsky (2000) quoted long-time Alaskan resident John Hall, then of Taiga Resources of
Girdwood, the beetle outbreak “resulted in roads being put in, revenue coming in, and the green coming
back...” Not all residents were willing to recognize the potential economic consumptive value of the
beetle-killed trees. A number of environmental organizations opposed salvage logging as illustrated in
the following quote from Cliff Eames with the Alaska Center for the Environment (ACE), ““...most
people I’ve talked to say they’d rather see beetle kill than a clear-cut. It tells us what naturally happens in
the forest.” (Anchorage Daily News, 20 August 1986). In an opinion piece in the Anchorage Times titled
‘Dead spruce pose tricky decision’, Dan Sisson argues against cutting and removing infested trees where
it “will interfere with nature; mean building roads into heretofore pristine areas; destroy recreational
values of the land with unsightly clear cuts; and it won’t do any good in the long run because the beetle
cannot be totally eradicated under any circumstances.” ACE formed what was referred to as a “Forest
Defense Network™ aimed at generating opposition to salvage logging, which involved door-to-door
interviews, mass mailing, and other activities. The motto of ACE was “help stop senseless logging”. The
Sierra Club and ACE successfully appealed a 1986 USDA Forest Service plan to reduce fire hazard
around Cooper Landing, thin stands threatened by the beetles, and remove standing dead trees killed by
the beetle (Seward Phoenix, 2 November 1989). By late 1990, these groups supported a similar plan to
reduce fire hazard around Cooper Landing at a cost of around $700,000 with the understanding that new
logging roads would be restored to their original conditions following logging (Anchorage Daily News,
18 October 1990). This apparent shift in views toward active management illustrates how the length and
severity of impacts from a beetle outbreak might affect community consensus (Qin 2015).
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Waterways within the FHTA are among the most well-known salmon fishing places, worldwide.
Following the SBB Kenai outbreak, Golden (1987) noted that fishermen often perceive beetle-impacted
forests as unhealthy, and that unhealthy forests represent less than optimal fish habitat, despite research to
the contrary (Rinella et al. 2009). Fallen and falling trees could present hazards and difficulty in access to
fishing sites. On the positive side, trees killed by spruce beetle in riparian areas eventually fell into
streams and rivers adding coarse woody debris to these systems (Rinella et al. 2009).

Flint also examined the level of concern about the enhanced risks associated with the various impacts of
the spruce beetle infestation (Table 3). In a survey of tourists and residents on the Kenai Peninsula in the
early 1990s, Daniel et al. (1991) discovered that one of the most important impacts was the perception of
increased fire danger. During the early stages of the Kenai outbreak when elevated levels of tree
mortality were concentrated around Cooper Landing and Moose Pass, the USDA Forest Service proposed
to remove dead trees that many of the residents believed presented a serious threat of wildfire. The
USDA Forest Service contracted salvage of 2 million board feet each year, “first in highway and road
corridors and later in more remote locales”. Many objected. The intensity of the clash of values is clear
from the avalanche of newspaper editorials and opinion pieces in local papers. Daily News Reporter,
Tom Kizzia, wrote in the Anchorage Daily News, “The sight of clear cut stripes running up the
mountainsides would change the appearance of the scenic Cooper Landing Valley...” and “... might cost
the state or borough as much as $150,000...” (Anchorage Daily News, 1989). Kizzia added, “To clear
the land quickly, contractors might use two large bulldozers with an anchor chain between them...” In
contrast, a guest opinion piece by James S. Burling (attorney, Pacific Legal Foundation) argued, “people
who complain about what fresh clearcuts look like have not seen thousands of acres leveled by flames.”

Daniel et al. (1991) conducted a survey of tourists and residents during the early stages of the SBB Kenai
Outbreak, and reported that forest vistas with tree mortality rated consistently lower in scenic beauty than
vistas lacking tree mortality. A direct correlation existed between severity of infestation and perception
of lost scenic beauty, and loss of scenic beauty was one the two most important impacts to residents (the
other being increased fire danger). Impacts on visual quality can still be seen with FHTA vistas.

Environmental conditions at campsites and recreation areas changed as a result mortality of overstory
trees (Golden 1996). In and around campgrounds reduced shade, screening, and aesthetics as a result of
the Kenai outbreak compromised visitor experiences. Campsites became more exposed to adverse
weather, and were more prone to rapid and dramatic changes in environmental conditions, specifically
temperature; not to mention increased dangers due to potentially better bear and moose habitat.
Insecticide sprays to protect individual trees from mortality from spruce beetle were considered in high-
use areas. The Anchorage Daily News (9 April 1991) mentioned treatments were estimated at $38,000
for the first year at Tern Lake Campground. Early in the Kenai outbreak when dead trees were still
standing and abundant at the Russian River, the USDA Forest Service considered closing the campground
“because of fire danger created by the spruce beetle” (Anchorage Daily News 1989). Similarly, the much
used Resurrection Trail was under threat of closure because of hazards presented by the trees lining it that
had been killed by the spruce beetle. Tern Lake, Russian River Campground, and a trail head of the
Resurrection Trail all occur in the FHTA.
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Comments. The FHTA supports a diverse range of ecosystem goods and services important to the people
that live there. Forests in this area provide wildlife and fish habitats, watershed protection, hiking,
camping, and other recreational opportunities, spiritual encounters and other types of resources that were
all impacted to one extent or another by the spruce beetle outbreak. Communities differed in the way
they perceived and responded to threats and hazards created by the spruce beetle outbreak. Many
socioeconomic impacts are still evident, even decades after the outbreak ended.

Objective 3: What previous Research has shown about the disturbance agents
that have impacted forest health in the FHTA.

Although studies have addressed several other insect species and pathogens (Zogas 2010), the majority of
research conducted in the FHTA has been aimed at understanding and managing spruce beetles.

It is difficult to tell exactly when spruce beetle first caused damage in the FHTA. Berg et al. (2006) offers
evidence that this bark beetle caused significant impacts here at least twice previous to the more recent
SBB Kenai Outbreak, which occurred in the late 1990s. In the 1880°s and early 1990s,
dendrochronological examination of trees in Juneau Creek indicate that the 1880s outbreak, which
presumably ravaged forests at lower elevations on the Kenai, reached as far as Cooper Landing (Figure
10).

Table 12. Some hypotheses about what caused or contributed to the 1990s Kenai
spruce beetle outbreak of the 1990s.

Winter Mortality
Hypothesis

Moderate winter
temperatures and
abundant snowfall

Low winter mortality

Early Spring
Hypothesis

Early increasing
spring temperatures

Early emergence, attack, oviposition, and egg hatch

2-to 1- Year Life
Cycle Hypothesis

Early increasing
spring temperatures

Switch from 2- to 1- year life cycle

Summer Stress
Hypothesis

Increasing summer
temperatures

Transpiration deficit causing tree stress and
increased susceptibility

Frozen Root

Cold soil, frozen

Reduced host rate increasing susceptibility

Hypothesis roots while
temperatures warm in
the spring
Growth Season | Lengthened growth Longer time to cause damage
Length season
Hypothesis

More recently, Holsten (1990) reviewed early reports of spruce beetle and locations of early reports of
spruce beetle infestations. His summary indicates damage caused by spruce beetle near Cooper Landing
in the late 1950s (Figure 11); this was possibly the early stages of what later was to become the infamous
SBB Kenai Outbreak that peaked in the lower Kenai in the mid-1990s.
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Figure 10. Dendrogram based on tree cores at various locations across the Kenai indicating the
presumable occurrence of major outbreaks of spruce beetle over 3 to 4 hundred years.
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Figure 11. Locations of early reports of spruce beetle on the Kenai, based on information provided
in Holsten (1990).
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Arguably, the infestations on the Kenai are among the most thoroughly studied of all bark beetle projects
anywhere. Much of that research was conducted by USDA Forest Service personnel working out of the
Broadview Field Station, which is within the FHTA. These studies generated several hypotheses about
the causes of beetle behavior (Table 12) and why the spruce beetle became so dominant in this area.

A suggestion of how these all fit together is shown in the form of a causative conceptual model in Figure
12. Basically, outbreaks occur when an aggressive insect with abundant populations (Figure 12, 1)
interacts with a susceptible host population (Figure 12, 11) in an enabling environment (Figure 12, I11)
under conditions of spatial and temporal synchrony.
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Figure 12. Conceptual model of the interacting factors of host and beetle as they were influenced
by the environment during the 1990s spruce beetle outbreak.

The abundant and aggressive insect population (Figure 12, 1). Under endemic conditions, spruce beetles
are widespread, generally occupying stressed or recently killed or uprooted trees. The size of the beetle
populations are correlated with the abundance of windfall, logging debris, stressed living trees, and other
similar breeding host materials. Suitable host material is common but not always abundant. Normal
loadings of breeding material help sustain insect populations during non-outbreak periods. Historically,
various types of small-scale endemic disturbances (bark beetles, fires, wind events, wet snow fall, etc.)
served as a continual source of breeding material for endemic beetle populations; these events are
common in the FHTA.
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Something happened in the mid to late 1950s in the FHTA that accelerated the accumulation of breeding
material allowing endemic populations of the spruce beetle to build dramatically. More generally,
accelerated population growth on the Kenai Peninsula’s occurred around the 1970s and early 1980s
(Figure 3), with the concurrent road and home building and extensive right-of-way clearing, which
undoubtedly added large quantities of woody debris and other breeding material to the forest and possibly
contributed to the eventual outbreak.

The susceptible host population (Figure 12, I1). Mature trees under stress are especially susceptible to
attack at early stages of an outbreak if beetle populations are high. Working on plots near the Russian
River Campground, Hard (1985) found that susceptibility was associated with recent growth reductions in
mature trees. Mature slow growing trees with large diameters are commonly individually attacked during
non-outbreak periods and serve to sustain breeding populations of spruce beetles. These trees are
attacked first as beetle populations increase.

Reynolds and Holsten (1994 a, b) developed decision support models that integrated many of the aspects
we now know play a role in creating spruce beetle infestations. Working with infestations on the Kenai
Peninsula, including the FHTA, they contrasted characteristics of infested stands with neighboring non-
infested stands to develop hazard (amount of damage expected in infested stands once an outbreak
occurs) decision tree models. These models indicate that infestation of Lutz spruce is a function of total
stand basal area, percent of total stands basal area in spruce, percent of spruce basal area composed of
trees with greater than 10 inches, stand elevation and stands aspect. The most susceptible spruce stands
have an average diameter of 12 inches and the spruce component of stand is greater than 70%. In other
words, spruce beetles prefer large diameter trees in dense stands in an aging forest.

The enabling environment (Figure 12, I11). Spruce beetles are poikilothermic organisms, which means
that their physiological processes are largely dictated by temperature. Temperature and precipitation
similarly influence the growth and health of forest tree hosts. Long-term trends in temperature and
precipitation influence insect and host populations in ways that can incite infestations (Berg 2006). When
these trends invigorate insect populations while stressing host populations, insect outbreaks can occur.
Apparently, this has happened at different times on the Kenai Peninsula (Berg 2006; Figure 3).

But these factors do not act alone. Holsten and Burnside (1997) note that a succession of two or more
extremely cold winters will kill substantial portions of an overwintering beetle population. Many insect
infestations are known to crash because of winter mortality. The lethal low temperature for spruce beetles
is -40° F in northern latitudes (north of the Alaska Range) and -250F at lower latitudes.

An early spring warming phase can trigger early spring flight, and dispersal of emerging adult beetles,
and sooner colonization of new hosts. Dispersal in spruce beetles is triggered when temperatures reach
57° F or higher. Furthermore, Werner and Holsten (1985) discovered that a temperature of 62° F during
the first or second larval instar causes a switch from a two-year life cycle to a one-year life cycle.
According to Werner et al. (1996), this was a significant cause of the explosive population increases
experienced more generally across the Kenai Peninsula in the 1990s.

Planned work in the FHTA for 2016.

Insect monitoring. Monitoring for spruce beetle, Ips, ambrosia beetles, wood borers, and ground beetles
will continue. Trapping will begin in early May and continue to September. Initially, the same set and
number of locations will be used as that which was used in 2015.

Baseline mortality measurements. A study will be initiated aimed at assessing health based on
diameter/age class distribution. Manion and Griffin (2001) described health as a balance between growth
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and mortality — a healthy forest needs a certain amount of mortality, or “baseline mortality. In its simplest
definition, baseline mortality is the theory that a healthy forest, or one that has a stable size class structure
has an expected and acceptable amount of mortality in all size classes present (Castello and Teal, 2011).
During Summer 2016, 20° x 1000’ strip samples will be used to collect data at each of 6 existing plot
sites. Within the strip cruise, tree species, diameter and condition (alive or dead) will be recorded for each
tree over 4” dbh and these data will be used to calculate baseline mortality using methods described in
Castello and Teal 2011).

Link FHTA to Latitudinal transect. In addition to the two plots along the Seward Highway
initially used as part of the original latitudinal transect, FHTA plots number FHTAP3, FHTAP4,
FHTP5, and FHTAG6 will be incorporated as components of the transect for future measurements.
Link insect monitoring network existing within the FHTA to this transect.

Collection of written documents describing previous and current insect pest and disease
research in the FHTA. Search of published and unpublished literature and reports of previous
(and current) studies that have been done within the FHTA will continue. A database of relevant
written documents will be established, which will be reviewed and made available on R10 FHP
website.

Climate zones within the FHTA. Partition FHTA according to climate zone to use in determining
placement of future monitoring plots using procedures developed by Reich et al. (2016). Use
new plot locations as an extension of proposed sites locations for future latitudinal transect insect
pest assessments (Appendix ??).
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