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Why & How Kenai and Tetlin National 
Wildlife Refuges partnered with the FIA  



Interagency effort to pioneer the 

spatial modeling of climate change 

impacts on biome and species 

distributions  











63% of Alaska on 
trajectory for novel 
biomes by 2100! 





2 million acres 



700K acres 



SHARED REFUGE  PURPOSES 

 conserve fish & wildlife populations and habitats in their 

natural diversity including but not limited to…. 

 

1980 ANILCA 

fish and wildlife = any member of the animal 
kingdom including without limitation any mammal, 
fish, bird, amphibian, reptile, mollusk, crustacean, 
arthropod or other invertebrate…  

1964 Wilderness Act 

1997 NWRS Improvement Act 





http://www.alaskaphotographics.com/photo-96127-09.pl
http://ifw7ken-svr3/KenaiPhotos/Photo.aspx?album=Mammals&photo=Caribou


 Inventory the co-occurrence and 
distribution of selected terrestrial floral 
& faunal species and assemblages   

 

 Monitor trends in co-occurrence and 
distribution of selected terrestrial floral 
& faunal species and assemblages  

 

 Model the effects of physical, 
biological, and anthropogenic factors 
on occurrence and distributions 

 

Long Term Ecological Monitoring Program 



HABITAT PLOTS (%) ACRES (%) 

Forest 161   (47)    945,896  (48) 

     conifer 105   (31)    550,996  (28) 

deciduous   12     (4)        72,805    (4) 

mixed   44   (13)    322,095  (16) 

Shrub/grass   26     (7)    141,819    (7) 

Barren/sparsely 

vegetated 
  59   (17)    329,293  (17) 

Wetlands   20     (6)    122,292    (6) 

Snow/ice   51   (15)    289,974  (15) 

Water   25     (7)    159,242    (8) 

 342 (100) 1,988,516 (101) 

Although regionally scaled, 
data from LTEMP are 
representative of KENWR… 



177 FIA plots (with HV)  
in forests at 5-km intervals  

1999-2002 



Another 82 plots in  
nonforested habitats  

2004/2006 



Resampled 50 FIA plots  
for mosses and lichens  

2008 



342 permanent plots 
systematically arrayed at  
5-km intervals, of which 259 plots 
were sampled cooperatively  
with FIA 

LTEMP 

2004 MOU designated LTEMP as 
FIA adjunct inventory 



Data collected in 2004,  
2006 & 2008 

 Vascular (including exotics) & nonvascular 
flora on nonforested points (modified line 
intercept) 

 Breeding bird densities (VCP) 

 Insect relative abundance (sweep nets) 

 Heavy metal uptake (Hylocomium) 

 Rose galls as disturbance index 

 Ambient noise recordings 



Birds 

Lichens & mosses 

Vascular flora 

Arthropods 

black spruce (IA2F), 40 years old 

elevation = 20 m 

patch size = 57 ha 

nearest stream = 105 m 

nearest road = 2725 m 

nearest border = 1119 m 

Leq = 46.4 dBa 

Rose galls = 0  

mean  annual temp = 3.2°C 

mean annual precip= 433 mm 

LTEMP site 3088  

GIS derived data 

100 m2 



Birds 

Lichens & mosses 

Vascular flora 

Arthropods 

Alanus incana 

Athyruium filiz-femina 

Betula nana 

Calamagrostis candadensis 

Chamerion angustifolium 

Cornus canadensis 

Dryopteris expansa 

Empetrum nigrum 

Equisetum sylvaticum 

Equisetum arvense 

Gymnocarpium dryopteris 

Linnaea borealis 

Mertensia paniculata 

Picea mariana 

Pyrola minor 

Ribes glandulosum 

Ribes hudsonianum 

Ribes triste 

Rosa acicularis 

Rubus arcticus 

Saliz pulchra 

Sanguisorba candadensis 

Spiraea stevenii 

Trientalis europaea 

Vaccinium uliginosum 

Vaccinium vitis-idaea 

LTEMP site 3088 

26 species of 

 vascular plants 

100 m2 



Birds 

Lichens & mosses 

Vascular flora 

Arthropods 

LTEMP site 3088 

9 lichen & moss species 

Ptilidium ciliare 

Drepanocladus uncinnatus 

Stereocaulon alpinum 

Aulacomnium palustre 

Cladonia umbricola 

Parmelia sulcata 

Pleurozium schreberi 

Rhizomnium nudum 

Brachythecium sp. 

100 m2 



Birds 

Nonvascular flora 

Vascular flora 

Arthropods 

LTEMP site 3088 

Alder flycatcher 

Cliff swallow 

Orange crowned warbler 

Ruby-crowned kinglet 

Swainson’s thrush 

White-winged crossbill 

Wilson’s snipe 

7 bird species 

100 m2 



Birds 

Lichens & mosses 

Vascular flora 

Arthropods 

Aphididae 

Aphidius 

Araneae 

Balclutha manitou 

Braconidae 

Craspedolepta 

Culicidae 

Diptera 

Dismodicus modicus 

Ephedrus lacertosus 

Euthyneura nr. albipennis 

Fannia postica 

Fannia serena 

Fannia spathiophora 

Fannia subpellucens 

Hemerobiidae 

Ichneumonidae 

Javesella pellucida 

Lepidoptera 

Melanostoma mellinum 

Mycetophilidae 

Phaenoglyphis kenaii 

Podabrini 

Sapromyza TAW1 BOLD:AAG6931 

Simuliidae 

Sminthurus 

LTEMP site 3088 

26 arthropod taxa 

100 m2 
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1,106 species  
on 259 plots! 
 

• 80 birds           
• 256 invertebrates     
• 324 vascular plants 
• 297 lichens          
• 149 bryophytes 

1 ─ 87 species per 100m2 plot with mean = 37   





2 insect species new to science!! 
1 insect family (Achilidae) new to Alaska 
14 insect species new to Alaska  
2 new sedges (Carex spp.) for KENWR  
range expansion for Hammond’s flycatcher 



Taxonomic Impediment 

>15,000 specimens 
collected but only 256 
species identified over 
8 years  
 
Identification by 
morphology or Sanger 
sequencing for cryptic 
species is impractical 
for monitoring 



AATAATATATTTTATTTTCGCTATATGATCAGGAATAATTG

GTTCATCTATAAGATTATTAATTCGAATAGAATT 

AAGTCATCCTGGAATATGAATTAATAATGATCAGATTTATA

ATTCTTTAGTAACTAGACACGCATTTTTAATAAT 

TTTTTTTATAGTTATACCATTTATAATTGGAGGATTTGGAA

ATTATTTAATTCCATTAATATTAGGATCGCCAGA 

TATAGCTTTTCCTCGAATAAATAATATTAGATTTTGACTTT

TACCCCCATCATTATTTATACTTCTATTAAGAAA 

TATATTTACACCTAATGTAGGAACAGGATGAACTGTATAT

CCTCCTTTATCCTCTTATTTATTTCATTCATCTCC 

ATCAATTGATATTGCAATCTTTTCTTTACATATGTCAGGAA

TTTCTTCTATTATTGGATCATTAAATTTTATTGT 

TACTATTTTAATAATAAAAAATCTTTCATTAAATTATGACC

AAATTAATTTATTCTCATGATCAGTATGTATTAC 

TGTAATTTTATTAATTTTATCTTTACCGGTTTTAGCCGGAG

CTATTACTATATTACTATTCGATCGAAATTTTAA 

TACTTCATTCTTTGATCCTATGGGAGGAGGGGATCCAATT

TTATACCAACATTTATTT 

http://arctos.database.museum/guid/KNWR:Ento:2800 

Bulk sampling using next-generation 
sequencing (NGS) 
 

 Western bumble bee (Bombus occidentalis) 



 4,020 of 8,421 terrestrial arthropod species 
known from Alaska now barcoded  
 

 1,464 species sequenced by UAM and 
USFWS  
 

 1,143 sequences in GenBank and BOLD from 
Kenai Peninsula (marine arthropods, 
annelids, molluscs)  
 

 648 specimens from 2011 Rapid Ecological 
Assessment being processed 
 

 95 lichens submitted to CCDB 

Building a statewide DNA barcode library   
 

ARCTOS (http://arctosdb.org/ 
BOLD (http://boldsystems.org)   
GENBANK (http://www.ncbi.nlm.nih.gov/genbank/) 

FIA stakeholder workshop_anchorage_may2013.ppt
Morton et al_LTEMP_25sep2013_final.pdf
http://www.ncbi.nlm.nih.gov/genbank/
http://www.ncbi.nlm.nih.gov/genbank/






FIA surveyed…  
 
• Trees  
• Vascular plants (24-ft radius) 

 

…and used NGS for ID 

Tetlin surveyed…  
 
• Breeding land birds (VCP)  
• Arthropods (24-ft radius)  
• Earthworms (0.25-m2 plot) 



• 37 birds 
• 86 invertebrates 
• 106 vascular plants 

229 species  
for 26 plots 



 MOU 

 Refuge marked non-
forested plots 

 Refuge surveyed birds, 
arthropods, lichens, 
mosses (5.64-m radius) 

 FIA surveyed trees, 
vascular plants*  

 Morphological ID 
(arthropods) 

 

 MOU 

 Refuge marked forested 
plots in advance of FIA 

 Refuge surveyed birds, 
arthropods, earthworms 
(24-ft radius) 

 FIA surveyed trees, 
vascular plants* 

 NGS ID (arthropods) 



vascular plants 
birds 
arthropods 



324 

106 

60 



What makes this inventory work (t1)? 

Permanent sampling sites to measure change (t1 of a time 
series) 

 Statistically robust sampling frame (systematic) to survive 
planned and unplanned habitat changes 

Data are representative of the land (i.e., refuge) unit 

Co-location of biotic & abiotic sampling (modeling) 

 Field methods are passive, nondestructive (to habitat) and 
inexpensive 

Multi-taxa sampling and interagency cost-share   



Why have we stalled on monitoring (t2)? 

 

Developing reference library for DNA bar-coding   

Developing methods to measure species-specific 
detectability (to estimate occupancy) using temporal and/or 
spatial subsampling from a single visit 

Refine monitoring objectives based on quantitative metrics 
and consideration to the effects of a warming climate 

e.g., define apriori species assemblages 

     



Questions??? 
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