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Appendix A 

Upper Middle Mainstem Columbia River Subbasin Plan 

 

Known High Quality or Rare Plant Communities and Wetland 
Ecosystems 

 

Table 1 Known high quality or rare plant communitites and wetland ecosystems of the UMM 
Subbasin, WA. 

SCIENTIFIC NAME COMMON NAME 

Abies amabilis - Tsuga mertensiana cover 
type 

Pacific silver fir - mountain hemlock 
forest 

Abies amabilis / Achlys triphylla forest Pacific silver fir / vanillaleaf 

Abies amabilis cover type Pacific silver fir forest 

Abies grandis / Acer circinatum forest Grand fir / vine maple 

Abies lasiocarpa / Calamagrostis rubescens 
forest Subalpine fir / pinegrass 

Abies lasiocarpa / Ledum glandulosum forest Subalpine fir / glandular labrador-tea 

Abies lasiocarpa / Rhododendron albiflorum 
woodland Subalpine fir / cascade azalea 

Abies lasiocarpa /Vaccinium scoparium 
forest Subalpine fir / grouseberry 

Abies lasiocarpa cover type Subalpine fir forest 

Abies procera cover type Noble fir forest 

Acer circinatum cover type Vine maple shrubland 

Alnus viridis ssp. Sinuata shrubland 
(provisional) Sitka alder 



 

SCIENTIFIC NAME COMMON NAME 

Artemisia arbuscula / Festuca idahoensis 
dwarf-shrub herbaceous vegetation Low sagebrush /Idaho fescue 

Artemisia rigida / Poa secunda dwarf-shrub 
herbaceous vegetation Stiff sagebrush / Sandberg's bluegrass 

Artemisia rigida cover type Stiff sagebrush shrubland 

Artemisia tridentata / Festuca idahoensis 
shrub herbaceous vegetation Big sagebrush / Idaho fescue 

Artemisia tridentata cover type Big sagebrush shrubland 

Artemisia tridentata ssp. Wyomingensis / 
pseudoroegneria spicata shrub herbaceous 
vegetation 

Wyoming big sagebrush / bluebunch 
wheatgrass 

Artemisia tridentata ssp. Wyomingensis / 
stipa comata shrubland 

Wyoming big sagebrush / needle-and-
thread 

Artemisia tripartita / Festuca campestris 
shrub herbaceous vegetation Threetip sagebrush / rough fescue 

Artemisia tripartita / Festuca idahoensis 
shrub herbaceous vegetation Threetip sagebrush / Idaho fescue 

Artemisia tripartita / Pseudoroegneria spicata 
shrub herbaceous vegetation 

Threetip sagebrush / bluebunch 
wheatgrass 

Artemisia tripartita / Stipa comata shrub 
herbaceous vegetation Threetip sagebrush / needle-and-thread 

Betula occidentalis / Cornus sericea 
shrubland Water birch / red-osier dogwood 

Betula occidentalis cover type Water birch forest 

Carex cover type Sedge spp. Grassland 

Carex scopulorum herbaceous vegetation Holm's rocky mountain sedge 

Carex utriculata herbaceous vegetation Northwest territory sedge 

Crataegus douglasii / Rosa woodsii 
shrubland 

Black hawthorn / Wood's rose 



 

SCIENTIFIC NAME COMMON NAME 

  

Danthonia intermedia herbaceous vegetation Timber oatgrass 

Distichlis spicata herbaceous vegetation Saltgrass 

Dryas octopetala dwarf-shrub herbaceous 
vegetation Eight petal mountain-avens 

Eleocharis palustris intermittently flooded 
herbaceous vegetation Creeping spikerush 

Elymus lanceolatus - Stipa comata 
herbaceous vegetation Streamside wildrye - needle-and-thread 

Eriogonum thymoides / Poa secunda dwarf-
shrub herbaceous vegetation 

Thyme buckwheat / Sandberg's 
bluegrass 

Festuca idahoensis - Eriogonum 
heracleoides herbaceous vegetation 

Idaho fescue - parsnip-flower 
buckwheat 

Grayia spinosa / Poa secunda shrubland Spiny hopsage / sandberg's bluegrass 

Inland saline wetland cb Inland saline wetland cb 

Larix lyallii association Subalpine larch community 

Larix occidentalis cover type Western larch forest 

Leymus cinereus - Distichlis spicata 
herbaceous vegetation Great basin wildrye - saltgrass 

Philadelphus lewisii intermittently flooded 
shrubland Mock orange 

Picea engelmannii - Abies lasiocarpa cover 
type Engelmann spruce - subalpine fir forest 



 

SCIENTIFIC NAME COMMON NAME 

Picea engelmannii / Equisetum arvense 
forest Engelmann spruce / field horsetail 

Picea engelmannii cover type Engelmann spruce forest 

Pinus albicaulis - Abies lasiocarpa cover type White-bark pine - subalpine fir forest 

Pinus albicaulis cover type White-bark pine forest 

Pinus contorta cover type Lodgepole pine forest 

Pinus monticola cover type Western white pine forest 

Pinus ponderosa - Pseudotsuga menziesii / 
Pseudoroegneria spicata ssp. Inermis 
woodland 

Ponderosa pine - douglas-fir / 
bluebunch wheatgrass 

Pinus ponderosa - Pseudotsuga menziesii / 
Purshia tridentata woodland 

Ponderosa pine - douglas-fir / 
bitterbrush 

Pinus ponderosa - Pseudotsuga menziesii 
cover type Ponderosa pine - douglas-fir forest 

Pinus ponderosa / Calamagrostis rubescens 
forest Ponderosa pine / pinegrass 

Pinus ponderosa / Purshia tridentata 
woodland Ponderosa pine / bitterbrush 

Pinus ponderosa / Symphoricarpos albus 
temporarily flooded woodland Ponderosa pine - common snowberry 

Pinus ponderosa cover type Ponderosa pine forest 

Populus tremuloides / Symphoricarpos albus 
forest Quaking aspen / common snowberry 

Populus tremuloides cover type Quaking aspen forest 



 

SCIENTIFIC NAME COMMON NAME 

Pseudoroegneria spicata - Festuca 
Idahoensis Canyon Herbaceous Vegetation 

Bluebunch wheatgrass - Idaho fescue 
canyon 

Pseudoroegneria spicata - Poa secunda 
herbaceous vegetation 

Bluebunch wheatgrass - Sandberg's 
bluegrass 

Pseudoroegneria spicata cover type Bluebunch wheatgrass grassland 

Pseudotsuga menziesii - Abies grandis cover 
type Douglas-fir - grand fir forest 

Pseudotsuga menziesii - Abies lasiocarpa 
cover type Douglas-fir - subalpine fir forest 

Pseudotsuga menziesii - Tsuga heterophylla 
cover type Douglas-fir - western hemlock forest 

Pseudotsuga menziesii / Acer circinatum 
forest Douglas-fir / vine maple 

Pseudotsuga menziesii / Arctostaphylos uva-
ursi - purshia tridentata forest Douglas-fir / kinikinnick - bitterbrush 

Pseudotsuga menziesii / Arctostaphylos uva-
ursi cascadian forest Douglas-fir / kinikinnick cascadian forest 

Pseudotsuga menziesii / Calamagrostis 
rubescens forest Douglas-fir / pinegrass 

Pseudotsuga menziesii / Symphoricarpos 
albus forest Douglas-fir / common snowberry 

Pseudotsuga menziesii cover type Douglas-fir forest 

Purshia tridentata / Festuca idahoensis 
shrub herbaceous vegetation Bitterbrush / Idaho fescue 

Purshia tridentata / Oryzopsis hymenoides 
shrubland Bitterbrush / indian ricegrass 

Purshia tridentata / Pseudoroegneria spicata 
shrub herbaceous vegetation Bitterbrush / bluebunch wheatgrass 

Purshia tridentata / Stipa comata shrub 
herbaceous vegetation 

Bitterbrush / needle-and-thread 



 

SCIENTIFIC NAME COMMON NAME 

  

Quercus garryana / Carex geyeri woodland Oregon white oak / Geyer's sedge 

Quercus garryana forest (provisional) Oregon white oak 

Rhus glabra / Pseudoroegneria spicata 
shrub herbaceous vegetation Smooth sumac / bluebunch wheatgrass 

Salix amygdaloides / Salix exigua woodland Peach-leaf willow / sandbar willow 

Salix drummondiana / Carex scopulorum 
var. Prionophylla shrubland 

Drummond's willow / Holm's rocky 
mountain sedge 

Salix planifolia / Carex scopulorum shrubland Tea-leaf willow / Holm's rocky mountain 
sedge 

Sarcobatus vermiculatus / Distichlis spicata 
shrubland Greasewood / saltgrass 

Scirpus maritimus herbaceous vegetation Seacoast bulrush 

Sporobolus cryptandrus - Poa secunda 
herbaceous vegetation Sand dropseed - Sandberg's bluegrass 

Stipa comata cover type Needle-and-thread grassland 

Subalpine freshwater wetland ec Subalpine freshwater wetland ec 

Subalpine riparian wetland ec Subalpine riparian wetland ec 

Thuja plicata - Tsuga heterophylla cover type Western redcedar - western hemlock 
forest 

Tsuga heterophylla / Mahonia nervosa var. 
Nervosa forest Western hemlock / dwarf oregongrape 

Tsuga mertensiana - Abies lasiocarpa cover 
type 

Mountain hemlock - subalpine fir 
community 



 

SCIENTIFIC NAME COMMON NAME 

Vernal pond cb Vernal pond cb 

(WNHP 2003) 



Appendix B 

Upper Middle Mainstem Columbia River Subbasin 

 

Fish and Wildlife 

 

Table 2 Wildlife species occurrence by focal habitat type in the UMM Subbasin, WA. 

Shrubsteppe Riparian Wetlands Herbaceous Wetlands Agriculture 

American Avocet American Badger Tiger Salamander Long-toed Salamander 

American Badger American Beaver Northwestern Salamander Ensatina 

American Crow American Crow Long-toed Salamander Great Basin Spadefoot 

American Goldfinch American Dipper Rough-skinned Newt Pacific Chorus (Tree) 
Frog 

American Kestrel American Goldfinch Great Basin Spadefoot Painted Turtle 

American Robin American Kestrel Western Toad Southern Alligator Lizard 

Bank Swallow  Woodhouse's Toad Western Fence Lizard 

Barn Owl American Redstart Pacific Chorus (Tree) Frog Western Skink 

Barn Swallow American Robin Cascades Frog Rubber Boa 

Barrow's Goldeneye American Tree Sparrow Columbia Spotted Frog Racer 

Big Brown Bat American Wigeon Northern Leopard Frog Gopher Snake 

Black Bear Bank Swallow Bullfrog Western Terrestrial 
Garter Snake 

Black-billed Magpie Barn Owl Painted Turtle Northwestern Garter 
Snake 

Black-chinned 
Hummingbird Barn Swallow Western Terrestrial Garter 

Snake Common Garter Snake 

Black-necked Stilt Barred Owl Common Garter Snake Western Rattlesnake 

Black-tailed Jackrabbit Belted Kingfisher Common Loon American Bittern 

Black-throated Sparrow Big Brown Bat Pied-billed Grebe Turkey Vulture 

Blue Grouse Black Bear Red-necked Grebe Gadwall 

Bobcat Black Swift Eared Grebe American Wigeon 

Brewer's Blackbird Black-backed 
Woodpecker Western Grebe Mallard 

Brewer's Sparrow Black-billed Magpie Clark's Grebe Blue-winged Teal 

Brown-headed Cowbird Black-capped Chickadee Double-crested Cormorant Green-winged Teal 



Shrubsteppe Riparian Wetlands Herbaceous Wetlands Agriculture 

Bullfrog Black-chinned 
Hummingbird American Bittern Northern Harrier 

Burrowing Owl Black-crowned Night-
heron Great Blue Heron Swainson's Hawk 

Bushy-tailed Woodrat Black-headed Grosbeak Great Egret Red-tailed Hawk 

California Myotis Black-tailed Deer Black-crowned Night-heron Ferruginous Hawk 

California Quail Black-throated Gray 
Warbler Turkey Vulture American Kestrel 

Canada Goose Blue Grouse Canada Goose Prairie Falcon 

Canyon Wren Bobcat Tundra Swan Chukar 

Chipping Sparrow Bobolink Wood Duck Gray Partridge 

Chukar Bohemian Waxwing Gadwall Ring-necked Pheasant 

Cliff Swallow Brewer's Blackbird American Wigeon Ruffed Grouse 

Columbia Spotted Frog Brown Creeper Mallard Sage Grouse 

Columbian Ground 
Squirrel Brown-headed Cowbird Blue-winged Teal Sharp-tailed Grouse 

Common Garter Snake Bullfrog Cinnamon Teal Wild Turkey 

Common Nighthawk Bullock's Oriole Northern Shoveler California Quail 

Common Poorwill Bushy-tailed Woodrat Northern Pintail Virginia Rail 

Common Porcupine California Myotis Green-winged Teal Sora 

Common Raven California Quail Canvasback American Coot 

Cooper's Hawk Calliope Hummingbird Redhead Killdeer 

Coyote Canada Goose Ring-necked Duck Black-necked Stilt 

Deer Mouse Canyon Wren Barrow's Goldeneye American Avocet 

Eastern Kingbird Cascade Frog Hooded Merganser Long-billed Curlew 

European Starling Cassin's Finch Ruddy Duck Wilson's Snipe 

Ferruginous Hawk Cassin's Vireo Northern Harrier Ring-billed Gull 

Fringed Myotis Cedar Waxwing Sharp-shinned Hawk Rock Dove 

Golden Eagle Chipping Sparrow Cooper's Hawk Mourning Dove 

Gopher Snake Chukar Northern Goshawk Barn Owl 

Grasshopper Sparrow Cliff Swallow Swainson's Hawk Western Screech-owl 

Gray Flycatcher Coast Mole Red-tailed Hawk Great Horned Owl 

Gray Partridge Columbia Spotted Frog Rough-legged Hawk Burrowing Owl 

Great Basin Pocket 
Mouse 

Columbian Ground 
Squirrel Golden Eagle Long-eared Owl 



Shrubsteppe Riparian Wetlands Herbaceous Wetlands Agriculture 

Great Basin Spadefoot Columbian Mouse American Kestrel Short-eared Owl 

Great Horned Owl Common Garter Snake Gyrfalcon Common Nighthawk 

Greater Yellowlegs Common Merganser Ring-necked Pheasant Common Poorwill 

Hoary Bat Common Nighthawk Virginia Rail Black-chinned 
Hummingbird 

Horned Lark Common Porcupine Sora Rufous Hummingbird 

Killdeer Common Raven American Coot Lewis's Woodpecker 

Lark Sparrow Common Redpoll Killdeer Red-breasted Sapsucker 

Least Chipmunk Common Yellowthroat Black-necked Stilt Downy Woodpecker 

Lesser Yellowlegs Cooper's Hawk American Avocet Hairy Woodpecker 

Little Brown Myotis Cordilleran Flycatcher Greater Yellowlegs Northern Flicker 

Loggerhead Shrike Coyote Lesser Yellowlegs Western Wood-pewee 

Long-billed Curlew Creeping Vole Solitary Sandpiper Willow Flycatcher 

Long-eared Myotis Dark-eyed Junco Spotted Sandpiper Say's Phoebe 

Long-eared Owl Deer Mouse Long-billed Curlew Western Kingbird 

Long-legged Myotis Double-crested 
Cormorant Western Sandpiper Eastern Kingbird 

Long-tailed Vole Downy Woodpecker Least Sandpiper Loggerhead Shrike 

Long-tailed Weasel Dusky Flycatcher Baird's Sandpiper Warbling Vireo 

Long-toed Salamander Eastern Cottontail Pectoral Sandpiper Steller's Jay 

Mallard Eastern Fox Squirrel Long-billed Dowitcher Black-billed Magpie 

Merriam's Shrew Eastern Kingbird Wilson's Snipe American Crow 

Mink Ermine Wilson's Phalarope Common Raven 

Montane Vole European Starling Ring-billed Gull Horned Lark 

Mountain Bluebird Evening Grosbeak California Gull Tree Swallow 

Mourning Dove  Herring Gull Violet-green Swallow 

Nashville Warbler  Thayer's Gull Cliff Swallow 

Night Snake Fox Sparrow Glaucous Gull Barn Swallow 

Northern Flicker Fringed Myotis Caspian Tern Black-capped Chickadee 

Northern Goshawk Golden Eagle Forster's Tern White-breasted Nuthatch 

Northern Harrier Golden-crowned Kinglet Black Tern Brown Creeper 

Northern Pocket Gopher Gopher Snake Western Screech-owl House Wren 

Northern Rough-winged 
Swallow Gray Catbird Great Horned Owl Western Bluebird 



Shrubsteppe Riparian Wetlands Herbaceous Wetlands Agriculture 

Northern Shrike Gray Jay Snowy Owl Mountain Bluebird 

Nuttall's (Mountain) 
Cottontail Great Basin Spadefoot Northern Pygmy-owl Swainson's Thrush 

Orange-crowned 
Warbler Great Blue Heron Burrowing Owl American Robin 

Osprey Great Egret Great Gray Owl Gray Catbird 

Pacific Chorus (Tree) 
Frog Great Horned Owl Long-eared Owl European Starling 

Painted Turtle Greater Yellowlegs Short-eared Owl Cedar Waxwing 

Pallid Bat Green-winged Teal Common Nighthawk Orange-crowned 
Warbler 

Prairie Falcon Hairy Woodpecker Black Swift Nashville Warbler 

Pygmy Rabbit Heather Vole Vaux's Swift Black-throated Gray 
Warbler 

Racer Hermit Thrush White-throated Swift Macgillivray's Warbler 

Red-tailed Hawk Hoary Bat Black-chinned Hummingbird Common Yellowthroat 

Ringneck Snake Hooded Merganser Calliope Hummingbird Wilson's Warbler 

Ring-necked Pheasant House Finch Rufous Hummingbird Yellow-breasted Chat 

Rock Dove House Wren Eastern Kingbird Spotted Towhee 

Rock Wren Killdeer Loggerhead Shrike Chipping Sparrow 

Rough-legged Hawk Lazuli Bunting Northern Shrike Brewer's Sparrow 

Rough-skinned Newt Least Chipmunk Black-billed Magpie Vesper Sparrow 

Rubber Boa Lesser Yellowlegs American Crow Savannah Sparrow 

Sage Grouse Lewis's Woodpecker Common Raven Grasshopper Sparrow 

Sage Sparrow Lincoln's Sparrow Tree Swallow Song Sparrow 

Sage Thrasher Little Brown Myotis Violet-green Swallow White-crowned Sparrow 

Sagebrush Lizard Long-eared Myotis Northern Rough-winged 
Swallow Dark-eyed Junco 

Sagebrush Vole Long-eared Owl Bank Swallow Black-headed Grosbeak 

Savannah Sparrow Long-legged Myotis Cliff Swallow Lazuli Bunting 

Say's Phoebe Long-tailed Vole Barn Swallow Bobolink 

Sharp-shinned Hawk Long-tailed Weasel Black-capped Chickadee Red-winged Blackbird 

Sharp-tailed Grouse Long-toed Salamander Marsh Wren Western Meadowlark 

Short-eared Owl Macgillivray's Warbler American Dipper Yellow-headed Blackbird 

Short-horned Lizard Mallard Ruby-crowned Kinglet Brewer's Blackbird 



Shrubsteppe Riparian Wetlands Herbaceous Wetlands Agriculture 

Side-blotched Lizard Masked Shrew American Robin Brown-headed Cowbird 

Snow Bunting Meadow Vole European Starling Bullock's Oriole 

Solitary Sandpiper Mink American Pipit House Finch 

Spotted Bat Montane Shrew Cedar Waxwing American Goldfinch 

Spotted Sandpiper Montane Vole Yellow-rumped Warbler House Sparrow 

Striped Whipsnake Moose Common Yellowthroat Vagrant Shrew 

Swainson's Hawk Mountain Bluebird Savannah Sparrow Trowbridge's Shrew 

Tiger Salamander Mountain Chickadee Song Sparrow Shrew-mole 

Townsend's Big-eared 
Bat Mountain Lion Lincoln's Sparrow Coast Mole 

Townsend's Ground 
Squirrel Mourning Dove White-crowned Sparrow California Myotis 

Townsend's Solitaire Muskrat Lapland Longspur Yuma Myotis 

Turkey Vulture Nashville Warbler Bobolink Little Brown Myotis 

Vagrant Shrew Northern Alligator Lizard Red-winged Blackbird Long-legged Myotis 

Vesper Sparrow Northern Flicker Western Meadowlark Fringed Myotis 

Washington Ground 
Squirrel Northern Flying Squirrel Yellow-headed Blackbird Long-eared Myotis 

Western Fence Lizard Northern Goshawk Brewer's Blackbird Big Brown Bat 

Western Harvest Mouse Northern Harrier Brown-headed Cowbird Spotted Bat 

Western Kingbird  House Finch Townsend's Big-eared 
Bat 

Western Meadowlark Northern Pocket Gopher Pine Siskin Pallid Bat 

Western Pipistrelle Northern Pygmy-owl American Goldfinch Eastern Cottontail 

Western Rattlesnake Northern River Otter Vagrant Shrew Nuttall's (Mountain) 
Cottontail 

Western Skink Northern Rough-winged 
Swallow Pacific Water Shrew Snowshoe Hare 

Western Small-footed 
Myotis Northern Saw-whet Owl Shrew-mole White-tailed Jackrabbit 

Western Terrestrial 
Garter Snake Northern Waterthrush California Myotis Black-tailed Jackrabbit 

Western Toad Northwestern 
Salamander Western Small-footed Myotis Least Chipmunk 

White-crowned Sparrow Olive-sided Flycatcher Yuma Myotis Yellow-bellied Marmot 

White-tailed Jackrabbit Orange-crowned 
Warbler Little Brown Myotis Washington Ground 

Squirrel 



Shrubsteppe Riparian Wetlands Herbaceous Wetlands Agriculture 

White-throated Swift Osprey Long-legged Myotis Columbian Ground 
Squirrel 

Woodhouse's Toad Pacific Chorus (Tree) 
Frog Fringed Myotis Eastern Fox Squirrel 

Yellow-bellied Marmot Pacific Jumping Mouse Long-eared Myotis Northern Pocket Gopher 

Yuma Myotis Pacific Water Shrew Silver-haired Bat Great Basin Pocket 
Mouse 

Mule deer Painted Turtle Big Brown Bat Western Harvest Mouse 

Elk Pallid Bat Hoary Bat Deer Mouse 

 Pied-billed Grebe Spotted Bat Northern Grasshopper 
Mouse 

 Pileated Woodpecker Townsend's Big-eared Bat Bushy-tailed Woodrat 

 Pine Siskin Pallid Bat Montane Vole 

 Prairie Falcon Yellow-bellied Marmot Long-tailed Vole 

 Pygmy Nuthatch American Beaver Creeping Vole 

 Raccoon Western Harvest Mouse Muskrat 

 Racer Deer Mouse Black Rat 

 Red Crossbill Meadow Vole Norway Rat 

 Red Fox Montane Vole House Mouse 

 Red-breasted Nuthatch Long-tailed Vole Western Jumping Mouse 

 Red-breasted Sapsucker Muskrat Pacific Jumping Mouse 

 Red-eyed Vireo Northern Bog Lemming Coyote 

 Red-naped Sapsucker Western Jumping Mouse Red Fox 

 Red-tailed Hawk Pacific Jumping Mouse Raccoon 

 Red-winged Blackbird Common Porcupine Ermine 

 Ring-necked Duck Nutria Long-tailed Weasel 

 Ring-necked Pheasant Coyote American Badger 

 Rough-legged Hawk Black Bear Striped Skunk 

 Rough-skinned Newt Grizzly Bear Bobcat 

 Rubber Boa Raccoon Rocky Mountain Elk 

 Ruby-crowned Kinglet Long-tailed Weasel  

 Ruffed Grouse Mink  

 Rufous Hummingbird Striped Skunk  

 Savannah Sparrow Northern River Otter  

 Say's Phoebe Mountain Lion  



Shrubsteppe Riparian Wetlands Herbaceous Wetlands Agriculture 

 Sharp-tailed Grouse Bobcat  

 Shrew-mole Rocky Mountain Elk  

 Silver-haired Bat Mule Deer  

 Snowshoe Hare White-tailed Deer  

 Solitary Sandpiper   

 Song Sparrow   

 Southern Alligator Lizard   

 Southern Red-backed 
Vole   

 Spotted Bat   

 Spotted Sandpiper   

 Spotted Towhee   

 Steller's Jay   

 Striped Skunk   

 Swainson's Hawk   

 Swainson's Thrush   

 Tailed Frog   

 Three-toed Woodpecker   

 Tiger Salamander   

 Townsend's Big-eared 
Bat   

 Townsend's Solitaire   

 Townsend's Warbler   

 Tree Swallow   

 Trowbridge's Shrew   

 Turkey Vulture   

 Vagrant Shrew   

 Vaux's Swift   

 Veery   

 Violet-green Swallow   

 Warbling Vireo   

 Water Shrew   

 Water Vole   

 Western Bluebird   



Shrubsteppe Riparian Wetlands Herbaceous Wetlands Agriculture 

 Western Harvest Mouse   

 Western Jumping Mouse   

 Western Pipistrelle   

 Western Rattlesnake   

 Western Screech-owl   

 Western Small-footed 
Myotis   

 Western Tanager   

 Western Terrestrial 
Garter Snake   

 Western Toad   

 Western Wood-pewee   

 White-breasted Nuthatch   

 White-crowned Sparrow   

 White-headed 
Woodpecker   

 White-tailed Jackrabbit   

 White-throated Swift   

 Wild Turkey   

 Williamson's Sapsucker   

 Willow Flycatcher   

 Wilson's Warbler   

 Winter Wren   

 Wood Duck   

 Woodhouse's Toad   

 Yellow Warbler   

 Yellow-bellied Marmot   

 Yellow-breasted Chat   

 Yellow-pine Chipmunk   

 Yellow-rumped Warbler   

 Yuma Myotis   
(IBIS 2003) 



 

Table 3 Wildlife species occurrence for the UMM Subbasin  

 Common Name Scientific Name Salmonid 
Relationship 

Closely 
Associated 

with 
Riparian 
Wetlands 

Closely 
Associated 
with Other 
Wetlands 

Amphibians      

 Tiger Salamander Ambystoma tigrinum  1  

 
Northwestern 
Salamander Ambystoma gracile    

 
Long-toed 
Salamander 

Ambystoma 
macrodactylum  1  

 
Pacific Giant 
Salamander 

Dicamptodon 
tenebrosus 1   

 
Rough-skinned 
Newt Taricha granulosa   1 

 

Western Red-
backed 
Salamander Plethodon vehiculum    

 Ensatina 
Ensatina 
eschscholtzii    

 Tailed Frog Ascaphus truei  1  

 
Great Basin 
Spadefoot 

Scaphiopus 
intermontanus  1  

 Western Toad Bufo boreas  1  

 Woodhouse's Toad Bufo woodhousii  1  

 
Pacific Chorus 
(Tree) Frog Pseudacris regilla  1  

 Cascades Frog Rana cascadae    

 
Columbia Spotted 
Frog Rana luteiventris  1  

 Bullfrog Rana catesbeiana  1  

 Total Amphibians:  15 Total: 1  9 1 

Birds      

 Common Loon Gavia immer 1  1 

 Pied-billed Grebe 
Podilymbus 
podiceps 1  1 

 Red-necked Grebe Podiceps grisegena 1  1 

 Eared Grebe Podiceps nigricollis   1 



 Common Name Scientific Name Salmonid 
Relationship 

Closely 
Associated 

with 
Riparian 
Wetlands 

Closely 
Associated 
with Other 
Wetlands 

 Western Grebe 
Aechmophorus 
occidentalis 1  1 

 Clark's Grebe 
Aechmophorus 
clarkii 1  1 

 
Double-crested 
Cormorant 

Phalacrocorax 
auritus 1 1  

 American Bittern 
Botaurus 
lentiginosus   1 

 Great Blue Heron Ardea herodias 1 1  

 Great Egret Ardea alba 1 1  

 
Black-crowned 
Night-heron 

Nycticorax 
nycticorax 1 1  

 Turkey Vulture Cathartes aura 1   

 Canada Goose Branta canadensis   1 

 Tundra Swan Cygnus columbianus    

 Wood Duck Aix sponsa  1  

 Gadwall Anas strepera   1 

 American Wigeon Anas americana   1 

 Mallard Anas platyrhynchos 1 1  

 Blue-winged Teal Anas discors   1 

 Cinnamon Teal Anas cyanoptera   1 

 Northern Shoveler Anas clypeata   1 

 Northern Pintail Anas acuta   1 

 Green-winged Teal Anas crecca 1  1 

 Canvasback Aythya valisineria 1  1 

 Redhead Aythya americana   1 

 Ring-necked Duck Aythya collaris    

 Greater Scaup Aythya marila 1   

 
Barrow's 
Goldeneye Bucephala islandica 1   

 Hooded Merganser 
Lophodytes 
cucullatus 1 1  

 
Common 
Merganser Mergus merganser 1 1  



 Common Name Scientific Name Salmonid 
Relationship 

Closely 
Associated 

with 
Riparian 
Wetlands 

Closely 
Associated 
with Other 
Wetlands 

 Ruddy Duck Oxyura jamaicensis   1 

 Osprey Pandion haliaetus 1   

 Northern Harrier Circus cyaneus    

 
Sharp-shinned 
Hawk Accipiter striatus    

 Cooper's Hawk Accipiter cooperii    

 Northern Goshawk Accipiter gentilis    

 Swainson's Hawk Buteo swainsoni    

 Red-tailed Hawk Buteo jamaicensis 1   

 Ferruginous Hawk Buteo regalis    

 
Rough-legged 
Hawk Buteo lagopus    

 Golden Eagle Aquila chrysaetos 1   

 American Kestrel Falco sparverius    

 Gyrfalcon Falco rusticolus 1   

 Prairie Falcon Falco mexicanus    

 Chukar Alectoris chukar    

 Gray Partridge Perdix perdix    

 
Ring-necked 
Pheasant Phasianus colchicus  1  

 Ruffed Grouse Bonasa umbellus  1  

 Sage Grouse 
Centrocercus 
urophasianus    

 Spruce Grouse 
Falcipennis 
canadensis    

 Blue Grouse 
Dendragapus 
obscurus  1  

 
Sharp-tailed 
Grouse 

Tympanuchus 
phasianellus  1  

 Wild Turkey Meleagris gallopavo    

 California Quail Callipepla californica    

 Virginia Rail Rallus limicola   1 

 Sora Porzana carolina   1 

 American Coot Fulica americana   1 



 Common Name Scientific Name Salmonid 
Relationship 

Closely 
Associated 

with 
Riparian 
Wetlands 

Closely 
Associated 
with Other 
Wetlands 

 Killdeer Charadrius vociferus 1   

 Black-necked Stilt 
Himantopus 
mexicanus   1 

 American Avocet 
Recurvirostra 
americana   1 

 Greater Yellowlegs Tringa melanoleuca 1   

 Lesser Yellowlegs Tringa flavipes    

 Solitary Sandpiper Tringa solitaria  1  

 Spotted Sandpiper Actitis macularia 1   

 Long-billed Curlew 
Numenius 
americanus    

 
Semipalmated 
Sandpiper Calidris pusilla    

 Western Sandpiper Calidris mauri    

 Least Sandpiper Calidris minutilla    

 Baird's Sandpiper Calidris bairdii    

 Pectoral Sandpiper Calidris melanotos    

 Stilt Sandpiper Calidris himantopus    

 
Long-billed 
Dowitcher 

Limnodromus 
scolopaceus    

 Common Snipe Gallinago gallinago   1 

 Wilson's Phalarope Phalaropus tricolor   1 

 
Red-necked 
Phalarope Phalaropus lobatus    

 Ring-billed Gull Larus delawarensis 1   

 California Gull Larus californicus 1   

 Herring Gull Larus argentatus 1   

 Thayer's Gull Larus thayeri 1   

 Glaucous Gull Larus hyperboreus 1   

 Caspian Tern Sterna caspia 1   

 Forster's Tern Sterna forsteri 1  1 

 Black Tern Chlidonias niger   1 

 Rock Dove Columba livia    



 Common Name Scientific Name Salmonid 
Relationship 

Closely 
Associated 

with 
Riparian 
Wetlands 

Closely 
Associated 
with Other 
Wetlands 

 Mourning Dove Zenaida macroura  1  

 Barn Owl Tyto alba    

 
Western Screech-
owl Otus kennicottii  1  

 Great Horned Owl Bubo virginianus    

 Snowy Owl Nyctea scandiaca 1   

 
Northern Pygmy-
owl Glaucidium gnoma    

 Burrowing Owl Athene cunicularia    

 Barred Owl Strix varia    

 Great Gray Owl Strix nebulosa    

 Long-eared Owl Asio otus  1  

 Short-eared Owl Asio flammeus   1 

 Boreal Owl Aegolius funereus    

 
Northern Saw-whet 
Owl Aegolius acadicus    

 
Common 
Nighthawk Chordeiles minor    

 Common Poorwill 
Phalaenoptilus 
nuttallii    

 Black Swift Cypseloides niger    

 Vaux's Swift Chaetura vauxi    

 
White-throated 
Swift Aeronautes saxatalis    

 
Black-chinned 
Hummingbird 

Archilochus 
alexandri    

 
Calliope 
Hummingbird Stellula calliope    

 
Rufous 
Hummingbird Selasphorus rufus    

 Belted Kingfisher Ceryle alcyon 1 1  

 
Lewis's 
Woodpecker Melanerpes lewis    

 
Williamson's 
Sapsucker 

Sphyrapicus 
thyroideus    



 Common Name Scientific Name Salmonid 
Relationship 

Closely 
Associated 

with 
Riparian 
Wetlands 

Closely 
Associated 
with Other 
Wetlands 

 
Red-naped 
Sapsucker 

Sphyrapicus 
nuchalis  1  

 
Red-breasted 
Sapsucker Sphyrapicus ruber    

 
Downy 
Woodpecker Picoides pubescens    

 Hairy Woodpecker Picoides villosus    

 
White-headed 
Woodpecker 

Picoides 
albolarvatus    

 
Three-toed 
Woodpecker Picoides tridactylus    

 
Black-backed 
Woodpecker Picoides arcticus    

 Northern Flicker Colaptes auratus    

 
Pileated 
Woodpecker Dryocopus pileatus    

 
Olive-sided 
Flycatcher Contopus cooperi    

 
Western Wood-
pewee Contopus sordidulus    

 Willow Flycatcher Empidonax traillii 1 1  

 
Hammond's 
Flycatcher 

Empidonax 
hammondii    

 Gray Flycatcher Empidonax wrightii    

 Dusky Flycatcher 
Empidonax 
oberholseri    

 
Pacific-slope 
Flycatcher Empidonax difficilis    

 
Cordilleran 
Flycatcher 

Empidonax 
occidentalis  1  

 Say's Phoebe Sayornis saya    

 Western Kingbird Tyrannus verticalis    

 Eastern Kingbird Tyrannus tyrannus    

 Loggerhead Shrike Lanius ludovicianus    

 Northern Shrike Lanius excubitor    

 Cassin's Vireo Vireo cassinii    



 Common Name Scientific Name Salmonid 
Relationship 

Closely 
Associated 

with 
Riparian 
Wetlands 

Closely 
Associated 
with Other 
Wetlands 

 Warbling Vireo Vireo gilvus  1  

 Red-eyed Vireo Vireo olivaceus  1  

 Gray Jay 
Perisoreus 
canadensis 1   

 Steller's Jay Cyanocitta stelleri 1   

 Clark's Nutcracker 
Nucifraga 
columbiana    

 Black-billed Magpie Pica pica 1 1  

 American Crow 
Corvus 
brachyrhynchos 1   

 Northwestern Crow Corvus caurinus 1   

 Common Raven Corvus corax 1   

 Horned Lark Eremophila alpestris    

 Tree Swallow Tachycineta bicolor 1 1  

 
Violet-green 
Swallow 

Tachycineta 
thalassina 1   

 
Northern Rough-
winged Swallow 

Stelgidopteryx 
serripennis 1 1  

 Bank Swallow Riparia riparia 1 1  

 Cliff Swallow 
Petrochelidon 
pyrrhonota 1 1  

 Barn Swallow Hirundo rustica 1 1  

 
Black-capped 
Chickadee Poecile atricapillus    

 
Mountain 
Chickadee Poecile gambeli    

 
Chestnut-backed 
Chickadee Poecile rufescens    

 Boreal Chickadee Poecile hudsonicus    

 
Red-breasted 
Nuthatch Sitta canadensis    

 
White-breasted 
Nuthatch Sitta carolinensis    

 Pygmy Nuthatch Sitta pygmaea  1  

 Brown Creeper Certhia americana    



 Common Name Scientific Name Salmonid 
Relationship 

Closely 
Associated 

with 
Riparian 
Wetlands 

Closely 
Associated 
with Other 
Wetlands 

 Rock Wren Salpinctes obsoletus    

 Canyon Wren 
Catherpes 
mexicanus    

 House Wren Troglodytes aedon    

 Winter Wren 
Troglodytes 
troglodytes 1   

 Marsh Wren Cistothorus palustris   1 

 American Dipper Cinclus mexicanus 1 1  

 
Golden-crowned 
Kinglet Regulus satrapa    

 
Ruby-crowned 
Kinglet Regulus calendula    

 Western Bluebird Sialia mexicana    

 Mountain Bluebird Sialia currucoides    

 
Townsend's 
Solitaire 

Myadestes 
townsendi    

 Veery Catharus fuscescens  1  

 Swainson's Thrush Catharus ustulatus    

 Hermit Thrush Catharus guttatus    

 American Robin Turdus migratorius 1   

 Varied Thrush Ixoreus naevius 1   

 Gray Catbird 
Dumetella 
carolinensis  1  

 
Northern 
Mockingbird Mimus polyglottos    

 Sage Thrasher 
Oreoscoptes 
montanus    

 European Starling Sturnus vulgaris  1  

 American Pipit Anthus rubescens    

 Bohemian Waxwing Bombycilla garrulus    

 Cedar Waxwing Bombycilla cedrorum  1  

 
Orange-crowned 
Warbler Vermivora celata    

 Nashville Warbler Vermivora ruficapilla    



 Common Name Scientific Name Salmonid 
Relationship 

Closely 
Associated 

with 
Riparian 
Wetlands 

Closely 
Associated 
with Other 
Wetlands 

 Yellow Warbler Dendroica petechia  1  

 
Yellow-rumped 
Warbler Dendroica coronata    

 
Black-throated Gray 
Warbler 

Dendroica 
nigrescens    

 
Townsend's 
Warbler Dendroica townsendi    

 Hermit Warbler 
Dendroica 
occidentalis    

 American Redstart Setophaga ruticilla  1  

 
Northern 
Waterthrush 

Seiurus 
noveboracensis  1  

 
Macgillivray's 
Warbler Oporornis tolmiei    

 
Common 
Yellowthroat Geothlypis trichas  1  

 Wilson's Warbler Wilsonia pusilla    

 
Yellow-breasted 
Chat Icteria virens  1  

 Western Tanager Piranga ludoviciana    

 Spotted Towhee Pipilo maculatus 1   

 
American Tree 
Sparrow Spizella arborea    

 Chipping Sparrow Spizella passerina    

 Brewer's Sparrow Spizella breweri    

 Vesper Sparrow 
Pooecetes 
gramineus    

 Lark Sparrow 
Chondestes 
grammacus    

 
Black-throated 
Sparrow Amphispiza bilineata    

 Sage Sparrow Amphispiza belli    

 Savannah Sparrow 
Passerculus 
sandwichensis    

 
Grasshopper 
Sparrow 

Ammodramus 
savannarum    

 Fox Sparrow Passerella iliaca  1  



 Common Name Scientific Name Salmonid 
Relationship 

Closely 
Associated 

with 
Riparian 
Wetlands 

Closely 
Associated 
with Other 
Wetlands 

 Song Sparrow Melospiza melodia 1   

 Lincoln's Sparrow Melospiza lincolnii  1  

 
White-crowned 
Sparrow 

Zonotrichia 
leucophrys    

 Dark-eyed Junco Junco hyemalis    

 Lapland Longspur Calcarius lapponicus    

 Snow Bunting 
Plectrophenax 
nivalis    

 
Black-headed 
Grosbeak 

Pheucticus 
melanocephalus    

 Lazuli Bunting Passerina amoena  1  

 Bobolink 
Dolichonyx 
oryzivorus    

 
Red-winged 
Blackbird Agelaius phoeniceus   1 

 
Western 
Meadowlark Sturnella neglecta    

 
Yellow-headed 
Blackbird 

Xanthocephalus 
xanthocephalus   1 

 Brewer's Blackbird 
Euphagus 
cyanocephalus    

 
Brown-headed 
Cowbird Molothrus ater    

 Bullock's Oriole Icterus bullockii  1  

 
Gray-crowned 
Rosy-Finch 

Leucosticte 
tephrocotis    

 Pine Grosbeak Pinicola enucleator    

 Purple Finch 
Carpodacus 
purpureus    

 Cassin's Finch Carpodacus cassinii    

 House Finch 
Carpodacus 
mexicanus    

 Red Crossbill Loxia curvirostra    

 
White-winged 
Crossbill Loxia leucoptera    

 Common Redpoll Carduelis flammea    



 Common Name Scientific Name Salmonid 
Relationship 

Closely 
Associated 

with 
Riparian 
Wetlands 

Closely 
Associated 
with Other 
Wetlands 

 Pine Siskin Carduelis pinus    

 American Goldfinch Carduelis tristis    

 Evening Grosbeak 
Coccothraustes 
vespertinus   1 

 House Sparrow Passer domesticus    

 Total Birds:   230 Total:  52  43 32 

Mammals      

 Masked Shrew Sorex cinereus 1   

 Vagrant Shrew Sorex vagrans 1   

 Montane Shrew Sorex monticolus 1   

 Water Shrew Sorex palustris 1 1  

 
Pacific Water 
Shrew Sorex bendirii 1   

 Trowbridge's Shrew Sorex trowbridgii 1   

 Merriam's Shrew Sorex merriami    

 Shrew-mole Neurotrichus gibbsii    

 Coast Mole Scapanus orarius    

 California Myotis Myotis californicus    

 
Western Small-
footed Myotis Myotis ciliolabrum  1  

 Yuma Myotis Myotis yumanensis  1  

 Little Brown Myotis Myotis lucifugus    

 Long-legged Myotis Myotis volans  1  

 Fringed Myotis Myotis thysanodes    

 Long-eared Myotis Myotis evotis    

 Silver-haired Bat 
Lasionycteris 
noctivagans    

 Western Pipistrelle Pipistrellus hesperus  1  

 Big Brown Bat Eptesicus fuscus  1  

 Hoary Bat Lasiurus cinereus    

 Spotted Bat Euderma maculatum    

 
Townsend's Big-
eared Bat 

Corynorhinus 
townsendii    



 Common Name Scientific Name Salmonid 
Relationship 

Closely 
Associated 

with 
Riparian 
Wetlands 

Closely 
Associated 
with Other 
Wetlands 

 Pallid Bat Antrozous pallidus  1  

 American Pika Ochotona princeps    

 Pygmy Rabbit 
Brachylagus 
idahoensis    

 Eastern Cottontail Sylvilagus floridanus    

 
Nuttall's (Mountain) 
Cottontail Sylvilagus nuttallii    

 Snowshoe Hare Lepus americanus  1  

 
White-tailed 
Jackrabbit Lepus townsendii    

 
Black-tailed 
Jackrabbit Lepus californicus    

 Mountain Beaver Aplodontia rufa    

 Least Chipmunk Tamias minimus    

 
Yellow-pine 
Chipmunk Tamias amoenus    

 
Townsend's 
Chipmunk Tamias townsendii    

 
Yellow-bellied 
Marmot Marmota flaviventris    

 Hoary Marmot Marmota caligata    

 
Townsend's 
Ground Squirrel 

Spermophilus 
townsendii    

 
Washington 
Ground Squirrel 

Spermophilus 
washingtoni    

 
Columbian Ground 
Squirrel 

Spermophilus 
columbianus    

 

Cascade Golden-
mantled Ground 
Squirrel 

Spermophilus 
saturatus    

 
Eastern Fox 
Squirrel Sciurus niger    

 
Western Gray 
Squirrel Sciurus griseus    

 Red Squirrel 
Tamiasciurus 
hudsonicus    

 Douglas' Squirrel 
Tamiasciurus 
douglasii 1   



 Common Name Scientific Name Salmonid 
Relationship 

Closely 
Associated 

with 
Riparian 
Wetlands 

Closely 
Associated 
with Other 
Wetlands 

 
Northern Flying 
Squirrel Glaucomys sabrinus 1   

 
Northern Pocket 
Gopher Thomomys talpoides    

 
Great Basin Pocket 
Mouse Perognathus parvus    

 American Beaver Castor canadensis  1  

 
Western Harvest 
Mouse 

Reithrodontomys 
megalotis  1  

 Deer Mouse 
Peromyscus 
maniculatus 1 1  

 Columbian Mouse Peromyscus keeni    

 

Northern 
Grasshopper 
Mouse 

Onychomys 
leucogaster    

 
Bushy-tailed 
Woodrat Neotoma cinerea  1  

 
Southern Red-
backed Vole 

Clethrionomys 
gapperi  1  

 Heather Vole 
Phenacomys 
intermedius    

 Meadow Vole 
Microtus 
pennsylvanicus  1  

 Montane Vole Microtus montanus   1 

 Long-tailed Vole 
Microtus 
longicaudus  1  

 Creeping Vole Microtus oregoni    

 Water Vole Microtus richardsoni  1  

 Sagebrush Vole Lemmiscus curtatus    

 Muskrat Ondatra zibethicus  1  

 
Northern Bog 
Lemming Synaptomys borealis   1 

 Black Rat Rattus rattus    

 Norway Rat Rattus norvegicus    

 House Mouse Mus musculus    

 
Western Jumping 
Mouse Zapus princeps  1  



 Common Name Scientific Name Salmonid 
Relationship 

Closely 
Associated 

with 
Riparian 
Wetlands 

Closely 
Associated 
with Other 
Wetlands 

 
Pacific Jumping 
Mouse Zapus trinotatus  1  

 Common Porcupine Erethizon dorsatum    

 Nutria Myocastor coypus   1 

 Coyote Canis latrans 1   

 Red Fox Vulpes vulpes 1   

 Black Bear Ursus americanus 1   

 Raccoon Procyon lotor 1 1  

 Ermine Mustela erminea    

 Long-tailed Weasel Mustela frenata 1   

 Mink Mustela vison 1 1  

 American Badger Taxidea taxus    

 Striped Skunk Mephitis mephitis 1   

 
Northern River 
Otter Lutra canadensis 1 1  

 Mountain Lion Puma concolor 1   

 Bobcat Lynx rufus 1   

 Elk Cervus elaphus    

 Mule Deer 
Odocoileus 
hemionus    

 White-tailed Deer 
Odocoileus 
virginianus    

 Bighorn Sheep Ovis canadensis    

 Total Mammals:   86 Total: 19 22 3 

Reptiles      

 Painted Turtle Chrysemys picta    

 
Northern Alligator 
Lizard Elgaria coerulea    

 
Southern Alligator 
Lizard Elgaria multicarinata    

 Short-horned Lizard 
Phrynosoma 
douglassii    

 Sagebrush Lizard 
Sceloporus 
graciosus    



 Common Name Scientific Name Salmonid 
Relationship 

Closely 
Associated 

with 
Riparian 
Wetlands 

Closely 
Associated 
with Other 
Wetlands 

 
Western Fence 
Lizard 

Sceloporus 
occidentalis    

 
Side-blotched 
Lizard Uta stansburiana    

 Western Skink 
Eumeces 
skiltonianus    

 Rubber Boa Charina bottae    

 Racer Coluber constrictor    

 Ringneck Snake Diadophis punctatus    

 Night Snake Hypsiglena torquata    

 Striped Whipsnake 
Masticophis 
taeniatus    

 Gopher Snake Pituophis catenifer    

 
Western Terrestrial 
Garter Snake Thamnophis elegans 1   

 
Northwestern 
Garter Snake 

Thamnophis 
ordinoides    

 
Common Garter 
Snake Thamnophis sirtalis 1 1  

 
Western 
Rattlesnake Crotalus viridis    

 Total Reptiles:   18 Total: 2 1 0 

      

 Total Species:  349 Total: 74  75 36 
(IBIS 2003) 



Fish species listed below are known or thought to occur within the UMM Subbasin (Duke 
Engineering 2001, GCPUD 2003).  Status refers to listing as threatened or endangered: 
FE=federal endangered; FT=federal threatened; FSC=federal species of concern, FEL=Federal 
Emergency Listing, WC=Washington candidate.  Asterisks indicate the species is non-native 
(introduced) to the UMM Subbasin. 

Table 4 Fish species of the UMM Subbasin, WA. 

Family   Common Name/Status   Scientific Name    
Acipenseridae White sturgeon   Acipenser transmontanus 

Salmonidae  Chinook salmon/FE,WC  Oncorhynchus tshawytscha  

Sockeye salmon   Oncorhynchus nerka 

Kokanee*    Oncorhynchus nerka 

Rainbow trout   Oncorhynchus mykiss  

Steelhead/FE,WC   Oncorhynchus mykiss 

Cutthroat trout   Oncorhynchus clarki 

Brown trout*    Salmo trutta 

Brook trout*   Salvelinus fontinalis 

Bull trout/FT,WC   Salvelinus confluentus 

Mountain whitefish   Prosopium williamsoni  

Lake whitefish   Coregonis clupeaformis 

Percidae   Walleye*    Stizostedion vitreum  

Yellow perch*   Perca flavescens 

Centrarcidae   Largemouth bass*   Micropterus salmoides  

Smallmouth bass*   Micropterus dolomieui  

Black crappie*  Pomoxis nigromaculatus 

White crappie*  Pomoxis anularis 

Bluegill*    Lepomis macrochirus  

Pumpkinseed*   Lepomis gibbosus 

Gadidae   Burbot    Lota lota 

Ictaluridae   Channel catfish*   Ictalurus punctatus 

Black bullhead*  Ictalurus melas 

Brown bullhead*  Ictalurus nebulosus 



Family   Common Name/Status   Scientific Name     

Catostomidae  Largescale sucker   Catostomus macrocheilus  

Bridgelip sucker   Catostomus columbianus 

Longnose sucker   Catostomus catostomus  

Mountain sucker/WC  Catostomus platyrhynchus 

Cyprinidae   Carp*     Cyprinus carpio  

Northern pikeminnow  Ptychocheilus oregonensis  

Redside shiner   Richardsonius balteatus  

Chiselmouth    Acrocheilus alutaceus  

Peamouth    Mylocheilus caurinus  

Tench     Tinca tinca  

Longnose dace   Rhinichthys cataractae  

Speckled dace   Rhinichthys osculus  

Leopard dace   Rhinichthys falcatus 

Percopsidae  Sand roller    Percopsis transmontana 

Cottidae   Prickly sculpin   Cottus asper  

Torrent sculpin   Cottus rhotheus  

Gasterosteidae  Threespine stickleback  Gasterosteus aculeatus  

Petromyzontidae  Pacific lamprey/FSC   Entosphenus tridentatus 



Table 5 Threatened and endangered species of the UMM Subbasin, WA.  

 Common Name Scientific Name State Status Federal 
Status 

Amphibians     

 Western Toad Bufo boreas WA Candidate 
Species  

 Columbia Spotted Frog Rana luteiventris WA Candidate 
Species  

Total Listed Amphibians: 2    

Birds     

 Common Loon Gavia immer WA Sensitive  

 Western Grebe Aechmophorus 
occidentalis WA Candidate 

Species  

 Northern Goshawk Accipiter gentilis WA Candidate 
Species  

 Ferruginous Hawk Buteo regalis WA Threatened  

 Golden Eagle Aquila chrysaetos WA Candidate 
Species  

 Bald Eagle  WA Threatened Threatened 

 Sage Grouse Centrocercus 
urophasianus WA Threatened Candidate 

Species 

 Sharp-tailed Grouse Tympanuchus 
phasianellus WA Threatened  

 Burrowing Owl Athene cunicularia WA Candidate 
Species  

 Spotted Owl Strix occidentalis WA Endangered Threatened 

 Vaux's Swift Chaetura vauxi WA Candidate 
Species  

 Lewis' Woodpecker Melanerpes lewis WA Candidate 
Species  

 White-headed 
Woodpecker Picoides albolarvatus WA Candidate 

Species  

 Black-backed 
Woodpecker Picoides arcticus WA Candidate 

Species  



 Common Name Scientific Name State Status Federal 
Status 

 Pileated Woodpecker Dryocopus pileatus WA Candidate 
Species  

 Loggerhead Shrike Lanius ludovicianus WA Candidate 
Species  

 White-breasted Nuthatch Sitta carolinensis WA Candidate 
Species  

 Sage Thrasher Oreoscoptes 
montanus WA Candidate 

Species  

 Vesper Sparrow Pooecetes gramineus WA Candidate 
Species  

 Sage Sparrow Amphispiza belli WA Candidate 
Species  

Total Listed Birds: 19    

Mammals     

 Merriam's Shrew Sorex merriami WA Candidate 
Species  

 Townsend's Big-eared 
Bat 

Corynorhinus 
townsendii WA Candidate 

Species  

 Pygmy Rabbit Brachylagus 
idahoensis WA Endangered Endangered 

 White-tailed Jackrabbit Lepus townsendii WA Candidate 
Species  

 Black-tailed Jackrabbit Lepus californicus WA Candidate 
Species  

 Washington Ground 
Squirrel 

Spermophilus 
washingtoni WA Candidate 

Species 
Candidate 
Species 

 Western Gray Squirrel Sciurus griseus WA Threatened  

 Northern Pocket Gopher Thomomys talpoides WA Candidate 
Species  

Total Listed Mammals: 8    

Reptiles     

 Striped Whipsnake Masticophis taeniatus WA Candidate 
Species  

Total Listed Reptiles: 1    

     

Total Listed Species: 30    
(IBIS 2003) 



Table 6 Partners in Flight species of the UMM Subbasin, WA. 

Common Name Scientific Name 
PIF 1998-

1999 
Continental 

PIF Ranking 
by Super 

Region Draft 
2002 

WA PIF 
Priority & 

Focal 
Species 

Northern Harrier Circus cyaneus   Yes 

Swainson's Hawk Buteo swainsoni  
MO 
(Intermountain 
West, Prairies) 

Yes 

Ferruginous Hawk Buteo regalis   Yes 

Rough-legged Hawk Buteo lagopus  PR (Arctic)  

American Kestrel Falco sparverius   Yes 

Gyrfalcon Falco rusticolus  PR (Arctic)  

Sage Grouse Centrocercus 
urophasianus  

MA 
(Intermountain 
West, Prairies) 

 

Spruce Grouse Falcipennis canadensis  PR (Northern 
Forests)  

White-tailed Ptarmigan Lagopus leucurus  MO (Arctic)  

Blue Grouse Dendragapus obscurus  
MA (Pacific, 
Intermountain 
West) 

 

Sharp-tailed Grouse Tympanuchus 
phasianellus  MO (Prairies) Yes 

Long-billed Curlew Numenius americanus Yes   

Stilt Sandpiper Calidris himantopus Yes   

Flammulated Owl Otus flammeolus  
MO (Pacific, 
Intermountain 
West, Southwest) 

Yes 

Snowy Owl Nyctea scandiaca  PR (Arctic)  

Northern Pygmy-owl Glaucidium gnoma  PR (Pacific)  

Burrowing Owl Athene cunicularia   Yes 

Spotted Owl Strix occidentalis  
IM (Pacific, 
Intermountain 
West, Southwest) 

 

Great Gray Owl Strix nebulosa   Yes 

Short-eared Owl Asio flammeus Yes 

MA (Arctic, 
Northern Forests, 
Intermountain 
West, Prairies) 

Yes 

Common Poorwill Phalaenoptilus nuttallii   Yes 

Black Swift Cypseloides niger Yes IM (Pacific, 
Intermountain 

Yes 



Common Name Scientific Name 
PIF 1998-

1999 
Continental 

PIF Ranking 
by Super 

Region Draft 
2002 

WA PIF 
Priority & 

Focal 
Species 

West) 

Vaux's Swift Chaetura vauxi   Yes 

Calliope Hummingbird Stellula calliope  
MO 
(Intermountain 
West) 

Yes 

Rufous Hummingbird Selasphorus rufus Yes 
MA (Pacific, 
Intermountain 
West) 

Yes 

Lewis's Woodpecker Melanerpes lewis Yes 
MO 
(Intermountain 
West, Prairies) 

Yes 

Williamson's Sapsucker Sphyrapicus thyroideus  
MO 
(Intermountain 
West) 

Yes 

Red-naped Sapsucker Sphyrapicus nuchalis  
MO 
(Intermountain 
West) 

Yes 

Red-breasted Sapsucker Sphyrapicus ruber  MO (Pacific) Yes 

Downy Woodpecker Picoides pubescens   Yes 

White-headed Woodpecker Picoides albolarvatus Yes 
PR (Pacific, 
Intermountain 
West) 

Yes 

Three-toed Woodpecker Picoides tridactylus  PR (Northern 
Forests)  

Black-backed Woodpecker Picoides arcticus  PR (Northern 
Forests) Yes 

Pileated Woodpecker Dryocopus pileatus   Yes 

Olive-sided Flycatcher Contopus cooperi  

MA (Pacific, 
Northern Forests, 
Intermountain 
West) 

Yes 

Western Wood-pewee Contopus sordidulus   Yes 

Willow Flycatcher Empidonax traillii  MA (Prairies, 
East) Yes 

Hammond's Flycatcher Empidonax hammondii   Yes 

Gray Flycatcher Empidonax wrightii  
PR 
(Intermountain 
West) 

Yes 

Dusky Flycatcher Empidonax oberholseri  
MA 
(Intermountain 
West) 

Yes 



Common Name Scientific Name 
PIF 1998-

1999 
Continental 

PIF Ranking 
by Super 

Region Draft 
2002 

WA PIF 
Priority & 

Focal 
Species 

Pacific-slope Flycatcher Empidonax difficilis  PR (Pacific) Yes 

Loggerhead Shrike Lanius ludovicianus   Yes 

Northern Shrike Lanius excubitor  PR (Northern 
Forests)  

Warbling Vireo Vireo gilvus   Yes 

Red-eyed Vireo Vireo olivaceus   Yes 

Gray Jay Perisoreus canadensis  PR (Northern 
Forests)  

Clark's Nutcracker Nucifraga columbiana  
PR 
(Intermountain 
West) 

Yes 

Horned Lark Eremophila alpestris   Yes 

Bank Swallow Riparia riparia   Yes 

Chestnut-backed Chickadee Poecile rufescens  PR (Pacific)  

Boreal Chickadee Poecile hudsonicus  MA (Northern 
Forests)  

White-breasted Nuthatch Sitta carolinensis   Yes 

Brown Creeper Certhia americana   Yes 

House Wren Troglodytes aedon   Yes 

Winter Wren Troglodytes troglodytes   Yes 

American Dipper Cinclus mexicanus   Yes 

Western Bluebird Sialia mexicana   Yes 

Mountain Bluebird Sialia currucoides  
PR 
(Intermountain 
West) 

 

Townsend's Solitaire Myadestes townsendi   Yes 

Veery Catharus fuscescens   Yes 

Swainson's Thrush Catharus ustulatus   Yes 

Hermit Thrush Catharus guttatus   Yes 

Varied Thrush Ixoreus naevius   Yes 

Sage Thrasher Oreoscoptes montanus  
PR 
(Intermountain 
West) 

Yes 

American Pipit Anthus rubescens  PR (Arctic) Yes 

Bohemian Waxwing Bombycilla garrulus  MA (Northern  



Common Name Scientific Name 
PIF 1998-

1999 
Continental 

PIF Ranking 
by Super 

Region Draft 
2002 

WA PIF 
Priority & 

Focal 
Species 

Forests) 

Orange-crowned Warbler Vermivora celata   Yes 

Nashville Warbler Vermivora ruficapilla  PR (Northern 
Forests) Yes 

Yellow Warbler Dendroica petechia   Yes 

Yellow-rumped Warbler Dendroica coronata   Yes 

Black-throated Gray Warbler Dendroica nigrescens  MO (Pacific) Yes 

Townsend's Warbler Dendroica townsendi   Yes 

Hermit Warbler Dendroica occidentalis Yes MO (Pacific) Yes 

Macgillivray's Warbler Oporornis tolmiei   Yes 

Wilson's Warbler Wilsonia pusilla   Yes 

Yellow-breasted Chat Icteria virens   Yes 

Western Tanager Piranga ludoviciana   Yes 

Chipping Sparrow Spizella passerina   Yes 

Brewer's Sparrow Spizella breweri Yes 
MA 
(Intermountain 
West) 

Yes 

Vesper Sparrow Pooecetes gramineus   Yes 

Lark Sparrow Chondestes grammacus   Yes 

Black-throated Sparrow Amphispiza bilineata   Yes 

Sage Sparrow Amphispiza belli Yes 
PR 
(Intermountain 
West) 

Yes 

Fox Sparrow Passerella iliaca   Yes 

Lincoln's Sparrow Melospiza lincolnii  PR (Northern 
Forests) Yes 

Lapland Longspur Calcarius lapponicus  PR (Arctic)  

Snow Bunting Plectrophenax nivalis  PR (Arctic)  

Black-headed Grosbeak Pheucticus 
melanocephalus   Yes 

Bobolink Dolichonyx oryzivorus Yes   

Western Meadowlark Sturnella neglecta   Yes 

Bullock's Oriole Icterus bullockii   Yes 

Pine Grosbeak Pinicola enucleator  MO (Northern 
Forests)  



Common Name Scientific Name 
PIF 1998-

1999 
Continental 

PIF Ranking 
by Super 

Region Draft 
2002 

WA PIF 
Priority & 

Focal 
Species 

Purple Finch Carpodacus purpureus   Yes 

Cassin's Finch Carpodacus cassinii  
MA 
(Intermountain 
West) 

 

Red Crossbill Loxia curvirostra   Yes 

White-winged Crossbill Loxia leucoptera  PR (Northern 
Forests)  

Total Species: 98     
(IBIS 2003)  



 

Table 7 Wildlife game species of the UMM Subbasin, WA.  

 Common Name Scientific Name WA 

Amphibians    

 Bullfrog Rana catesbeiana Game Species 

 Total Game Amphibians:  1  

Birds    

 Canada Goose Branta canadensis Game Bird 

 Wood Duck Aix sponsa Game Bird 

 Gadwall Anas strepera Game Bird 

 American Wigeon Anas americana Game Bird 

 Mallard Anas platyrhynchos Game Bird 

 Blue-winged Teal Anas discors Game Bird 

 Cinnamon Teal Anas cyanoptera Game Bird 

 Northern Shoveler Anas clypeata Game Bird 

 Northern Pintail Anas acuta Game Bird 

 Green-winged Teal Anas crecca Game Bird 

 Canvasback Aythya valisineria Game Bird 

 Redhead Aythya americana Game Bird 

 Ring-necked Duck Aythya collaris Game Bird 

 Greater Scaup Aythya marila Game Bird 

 Barrow's Goldeneye Bucephala islandica Game Bird 

 Hooded Merganser Lophodytes cucullatus Game Bird 

 Common Merganser Mergus merganser Game Bird 

 Ruddy Duck Oxyura jamaicensis Game Bird 

 Chukar Alectoris chukar Game Bird 

 Gray Partridge Perdix perdix Game Bird 

 Ring-necked Pheasant Phasianus colchicus Game Bird 

 Ruffed Grouse Bonasa umbellus Game Bird 

 Spruce Grouse Falcipennis canadensis Game Bird 

 Blue Grouse Dendragapus obscurus Game Bird 

 Wild Turkey Meleagris gallopavo Game Bird 

 California Quail Callipepla californica Game Bird 



 Common Name Scientific Name WA 

 American Coot Fulica americana Game Bird 

 Common Snipe Gallinago gallinago Game Bird 

 Mourning Dove Zenaida macroura Game Bird 

 Total Game Birds:  29  

Mammals    

 Eastern Cottontail Sylvilagus floridanus 
Game 
Mammal 

 Nuttall's (Mountain) Cottontail Sylvilagus nuttallii 
Game 
Mammal 

 Snowshoe Hare Lepus americanus 
Game 
Mammal 

 White-tailed Jackrabbit Lepus townsendii 
Game 
Mammal 

 Black-tailed Jackrabbit Lepus californicus 
Game 
Mammal 

 American Beaver Castor canadensis 
Game 
Mammal 

 Muskrat Ondatra zibethicus 
Game 
Mammal 

 Red Fox Vulpes vulpes 
Game 
Mammal 

 Black Bear Ursus americanus 
Game 
Mammal 

 Raccoon Procyon lotor 
Game 
Mammal 

 Ermine Mustela erminea 
Game 
Mammal 

 Long-tailed Weasel Mustela frenata 
Game 
Mammal 

 Mink Mustela vison 
Game 
Mammal 

 American Badger Taxidea taxus 
Game 
Mammal 

 Northern River Otter Lutra canadensis 
Game 
Mammal 

 Mountain Lion Puma concolor 
Game 
Mammal 

 Bobcat Lynx rufus 
Game 
Mammal 

 Rocky Mountain Elk Cervus elaphus nelsoni Game 



 Common Name Scientific Name WA 
Mammal 

 Mule Deer Odocoileus hemionus 
Game 
Mammal 

 Bighorn Sheep Ovis canadensis 
Game 
Mammal 

 Total Game Mammals:  20  

    

 Total Game Species: 50  
(IBIS 2003). 

 



Appendix C  

Upper Middle Mainstem Columbia River Subbasin 

 

Focal Species Information, Red-winged Blackbird 
 

Introduction 

The red-winged black bird is one of the most abundant birds in North America (Marshall 
et al. 2003). Red-winged Blackbirds are extremely adaptable; successfully colonizing 
many small wetlands created by human activities (i.e., farming, road building, and 
industrial wetlands) Loss of natural wetlands has frequently been compensated for by 
these human activities (UW 1991). The bird is considered a pest species in many areas 
where huge flocks damage crops. 

Life History 

Diet 

About 75% of the annual Red-winged Blackbird diet is seeds. During the breeding 
season, they also eat insects, especially dragonflies, mayflies, and caddis flies as they 
emerge from their aquatic larval stage. In winter, grain is an important source of food, 
and many birds feed on corn stubble and at feedlots (SAS 2002). The species sometimes 
forms large, sexually separate flocks in wetland herbaceous habitats, trees, brushlands, 
and feedlots, and may forage on agricultural crops (i.e., corn, rice, oat, wheat, alfalfa, and 
sunflower) or on understory seed sources (Mott et al. 1972; Johnson and Caslick 1982, 
Marshall et al. 2003). During nesting season, red-winged blackbirds may forage within 
the understory, midstory, and overstory canopies of the wetland they are nesting in, or 
within a nearby wetland (Snelling 1968, Holm 1973). 

Reproduction 

The timing of breeding varies throughout the range of the red-winged blackbird. Nesting 
frequently begins in March or April and is completed by mid-July in the more temperate 
habitats (Short 1985). Older males (2+ yr) return to breeding sites first, followed by adult 
females and younger birds. Females nest as yearlings, males not until the second year 
(Marshall et al. 2003). Males are highly territorial and polygynous; up to six females 
commonly nest within a male’s territory. Females sometimes mate with several partners 
during a season or even during a single nesting attempt. Males do not participate in nest 
building, incubation, or feeding of the incubating female (G.H. Orians, pers. comm., 
1984). Males sometimes feed older nestlings and fledglings (Marshall et al. 2003). Most 
young in North America are fledged by late July (Short 1985). 

Nesting 

The red-winged blackbird nests in fresh-water and brackish herbaceous wetlands, shrubs 
(Douglas spiraea, small Oregon ash, willow, and alder trees) and small trees (i.e., 



willows) along watercourses (AOU 1983:723, Marshall et al. 2003), in upland habitat 
(grass, forb, and pasture/hay cover types, roadsides, canals, ditches and parks and 
suburban habitat) near surface water, and in suitable vegetation distant from free water 
(Dolbeer 1980, Micacchion and Townsend 1983, Marshall et al. 2003). Herbaceous 
wetlands or sloughs, with extensive cattails, bulrushes, sedges, reeds (Phragmites spp.), 
or tules (Scirpus spp.), historically have provided important nesting habitat for the 
blackbird (Bent 1958). 

Females select the nest sites and build the nests. They are made of grass and are usually 
lashed to cattails, bulrushes, or other emergent vegetation about 8-32 in (0.2-0.8 m) 
above water (Marshall et al. 2003). Red-winged blackbirds seem to prefer areas with the 
densest, tallest herbaceous vegetation for nest placement (trees greater than 5.0 m in 
height) (Albers 1978). Nests that border areas of open water are placed on the edges of 
cattail clumps (Wiens 1965), while those in upland sites typically are wound between and 
attached to stalks of herbaceous vegetation (Bent 1958). Herbaceous wetlands that are 
dominated by cattails and have open, permanent water have the optimum number of 
available nest sites (Weatherhead and Robertson 1977). Early nests are placed in robust, 
dense, old herbaceous growth and are more productive than late nests, which are 
entwined with stems of the new growth (Meanley and Webb 1963). 

Red-winged blackbirds may lay as many as 5 eggs, but usually 3-4. Young fledge 12 
days after hatching. Parents feed fledglings for 30 days after fledging (Marshall et al. 
2003). 

Nest success seems to be related to presence or absence of permanent water, water depth 
(greater nest success in water up to 50 cm or more) within the wetland, proximity of the 
nest to water (greater for nests 20 cm above water than those 100 cm above water), 
relative openness of nesting cover within the wetland, and the type of vegetation holding 
the nest. Nests placed in herbaceous wetland vegetation faired better when placed where 
open water, marsh grass and loosestrife (vs. sweet gale and sedges) were present 
(Weatherhead and Robertson 1977). 

Herbaceous wetlands dominated by cattails generally seem to be the most productive 
habitats for red-winged blackbirds in terms of nests/ha or number of young fledged/ha 
(Robertson 1972). Favorable herbaceous wetland sites produce more suitable food per 
unit area and have higher nest densities, highly synchronous nesting, higher nest survival 
rates, and lower nest predation rates than do upland nest sites (Short 1985). 

Migration 

Some populations in the southern parts of the range are nonmigratory, but almost all 
northern birds winter in the South, forming huge flocks that migrate by day, foraging for 
grain and seeds in fields with other blackbirds, and roost at night in dense cover in 
wetland habitats (SAS, 2002). Males migrate to or congregate at future nesting habitats in 
late winter, and females arrive at the territories in early spring (Case and Hewitt 1963). In 
areas with resident populations, individuals of both sexes may remain near breeding 
territories throughout the year, even though the areas are not actively defended or used in 
winter except, perhaps, as roosting sites (G.H. Orians, pers. comm., 1984). 



Mortality 

Marsh wrens peck at red-winged blackbird eggs and the northern harrier, American crow, 
and raccoon predate the nests. Nesting success increases with nest dispersion and 
distance from marsh wrens. Nearby nesting females also reduces predation risk (Marshall 
et al. 2003), and the presence of permanent water within the wetland may reduce 
mammalian predation on nests (Robertson 1972). 

In addition, the abundance of red-winged blackbirds is negatively correlated with the 
presence and abundance of carp, along with disturbances such as grazing, mowing, 
burning, and tilling of potential upland nest sites. Carp disturb submerged wetland 
vegetation and destroy food sources (aquatic insects) for the blackbird. Activities such as 
grazing and mowing destroy potential nesting habitat and interfere with nesting birds. 

Habitat Requirements 

Red-winged blackbirds need tall, dense, persistent herbaceous vegetation reasonably 
close to water for nesting, foraging, and cover requirements, whether it be in a wetland or 
upland environment. The bird readily uses midstory and overstory layers of habitat at 
times but does not seem to be dependent on the presence of these layers (Short 1985). In 
a wetland environment, blackbirds prefer patchy stands of cattails interspersed with areas 
of open water, over dense homogeneous stands of cattails (Robertson 1972). An 
important characteristic of upland nest sites is the availability of fence posts and other 
structures that serve as display perches for males and as observation posts for both males 
and females (Joyner 1978). 

Blackbirds also require an abundant supply of aquatic insects for foraging in the spring 
and early summer. Wetlands that are permanently flooded, or intermittently exposed, 
with water usually present throughout the year are necessary to support persistent 
populations of submergent vegetation and benthic invertebrates (Orians 1980). 

The red-winged blackbird does not require large territories and are often seen in very 
small patches of habitat (SAS 2002). In winter they often congregate in agricultural areas. 
Short (1985) surmised that a wetland area must contain at least 0.10 ha in emergent 
herbaceous vegetation, like cattails, to be considered nesting habitat for the blackbird. 
Several studies have described the minimum territory for male red-winged blackbirds as 
0.02 ha (Weatherhead and Robertson 1977; Orians 1980). Territories in upland habitats 
are much larger, requiring at least 1.0 ha in area to provide adequate breeding habitat for 
the bird (Short 1985). 

Focal Species Population and Distribution 

Population 

Current 

The red-winged blackbird is one of the most abundant species of bird in North America, 
with an estimated 190 million-winter population. The red-winged blackbird breeds from 
southeast Alaska across Canada to south central Quebec, and south to the Caribbean, 
Mexico, and Middle America. It winters from southeast Alaska and Canada, south to the 
Gulf Coast and Mexico. It is also a widespread and abundant breeder throughout 



Washington’s lowlands. There are sixteen subspecies in North America (Marshall et al. 
2003) and two poorly distinguished subspecies in Washington: A.p. caurinus of western 
Washington and A.p. nevadensis of eastern Washington (UW 1991). 

Distribution 

Current 

This aggressive species is widespread and abundant at lower elevations of the State of 
Washington, including the UMM Subbasin, in virtually every habitat as long as a suitable 
microhabitat with emergent vegetation is available. It can also be found along roads 
where ditches have created suitable habitat. They rarely nest in upland shrubby areas 
(UW 1991). In winter they are often less widespread, but can be found year round on the 
Columbia River (BirdWeb 2003) 

In a University of Washington study, core areas of habitat were all water / wetlands 
(including estuaries) below the subalpine fir zone. All other habitats except bare ground 
were suitable if small pockets of wetland occurred within the larger mapped habitats 
(UW 1991). 

The red-winged blackbird is distributed throughout the UMM Subbasin with confirmed, 
probable and possible breeding sites. Confirmed sitings are primarily along the Columbia 
River (near cities of Vantage, Wenatchee, Pateros, Bridgeport and Rocky Butte), Banks 
Lake, and Lake Lenore State Wildlife Recreation Area (WDFW 1999). Nesting red-
winged black birds are abundant on herbaceous wetlands in the northern portion of the 
UMM (Braaten, pers. comm., 2004). 

Focal Species Status and Abundance Trends 

Status 

The red-winged blackbird is one of the most abundant species in North America with an 
estimated winter population of 190 million (Marshall et al. 2003). This species is also a 
common summer resident in the wetlands and marshes of Washington State and is a 
common winter visitor on farmlands (SAS 2002). In the Dakotas, redwings have declined 
because of drought and tilling of breeding areas (Marshall et al. 2003). This species is not 
currently listed as endangered or threatened by the federal or state government. 

The blackbird is highly efficient in adapting to anthropogenic environments and has had a 
significant impact on agricultural crops. Winter roosts can be huge, especially in major 
grain-producing areas like Washington. Costs related to their consumption of grain 
(wheat, barley, corn, sunflower and rice) can become high and may exceed the benefits of 
insect control related to their foraging habits during fledging (Bendell et al. 1981). Grain 
fields closest to blackbird roost areas have comparably greater economic losses. 
Poisoning, trapping, shooting, or flock harassment by loud noises is allowed by an 
amendment to the Federal Migratory Bird Treaty Act of 1918. Other means of population 
control include reducing grain waste, using resistant cultivars and crops less favorable to 
blackbirds, and timing of agricultural activities (Marshall et al. 2003). 



Trends 

The North American BBS trend estimates for the red-winged blackbird within the state of 
Washington are .5% (1966-2002), -2.2% (1996-1979), and .1% (1980-2002) change in 
population per year. BBS data indicate there is a less than 1.5% decreasing trend (1966-
1996) in red-winged blackbird populations within the UMM (Sauer et al. 2003). 

Key Factors Inhibiting Populations and Ecological Processes 

Activities, such as intensive livestock grazing, mowing, burning, and tilling of old growth 
stubble, make herbaceous uplands unavailable for early nest placement. Mowing 
hayfields during the nesting season disrupts nesting success on upland sites (Albers 
1978). 

The presence and abundance of carp within a wetland may inhibit red-winged blackbird 
populations. Carp disturb submergent vegetation within the wetland, which may destroy 
habitat for emergent aquatic insects (like Odonates) and reduce food sources for 
blackbirds (Short 1985). 
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Appendix D 

Upper Middle Mainstem Columbia River Subbasin 

 

Conservation Reserve Program 

 

Table 1 Conservation Reserve Program acreage, UMM Subbasin, WA. 

Washington U.S.  Department of Agriculture - Farm Service Agency As of: 08-29-03 
Conservation Reserve Program - Monthly Contract Report Prepared on: 08-29-03 Report ID - 

MEPRTN-R1 Summary for Active Contracts for all Program Years (1986-2004) Page: 13 
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ADAMS 1,696 212,463.9 $50.17  0 17,206.1 207.0 0.0 54.0 5 

ASOTIN 144 29,145.6 $54.28  760.5 111.6 0.0 852.3 907.1 11 

BENTON 402 74,265.9 $39.93  0 5,896.3 0.0 0.0 0.0 9 

CHELAN 8 1,372.7 $47.01  4.5 0.0 0.0 0.0 4.5 6 

CLALLAM 6 34.3 $159.03  34.3 0.0 0.0 33.3 34.3 3 

CLARK 7 76.7 $145.65  62.3 14.4 0.0 76.7 76.7 76 

COLUMBIA 306 38,583.8 $61.87  1,424.90 507.1 0.0 1,714.0 2,841.2 15 

COWLITZ 2 14.8 $163.96  14.8 0.0 0.0 14.8 14.8 1 

DOUGLAS 1,076 187,711.0 $45.36  0 747.5 533.7 60.5 150.0 5 

FERRY 17 1,090.7 $55.01  0 25.4 0.0 0.0 14.5 13 

FRANKLIN 776 104,426.7 $50.35  0 12,727.8 0.0 4.6 8.1 5 

GARFIELD 464 44,655.1 $65.80  650.9 2,493.9 89.9 2,027.8 2,225.2 14 

GRANT 405 60,715.5 $43.85  0 1,117.8 0.0 0.0 0.0 7 
GRAYS   

HARBOR 11 105.0 $183.46  74.7 30.3 0.0 77.2 105.0 1 

JEFFERSON 9 97.2 $220.10  97.2 0.0 0.0 76.5 97.2 15 

KING 1 5.3 $204.40  5.3 0.0 0.0 5.3 5.3 1 

KITSAP 1 5.0 $199.60  5 0.0 0.0 5.0 5.0 243 

KITTITAS 19 3,294.2 $50.62  0 0.0 0.0 0.0 0.0 18 

KLICKITAT 360 58,407.9 $44.03  47.5 4,598.3 0.0 4,130.4 4,378.0 9 

LEWIS 24 515.8 $188.17  436.4 79.4 0.0 449.5 498.9 1 

LINCOLN 955 86,270.7 $46.18  0 1,644.1 857.7 16.9 388.4 8 

MASON 6 37.3 $191.68  37.3 0.0 0.0 37.3 37.3 1 

OKANOGAN 50 4,064.6 $49.11  33.9 50.0 2,737.3 0.0 83.9 4 

PACIFIC 3 41.4 $211.16  41.4 0.0 0.0 41.4 41.4 1 

PIERCE 4 18.5 $164.94  3 15.5 0.0 5.5 18.5 10 

SKAGIT 66 443.4 $268.69  443.4 0.0 0.0 203.8 443.4 2 

SNOHOMISH 12 135.6 $229.49  111.8 23.8 0.0 127.0 135.6 5 

SPOKANE 459 31,768.2 $56.76  0 758.2 2,239.6 268.6 746.0 11 

STEVENS 40 3,516.4 $48.84  0 0.0 784.4 0.0 184.9 10 

THURSTON 5 33.4 $215.55  33.4 0.0 0.0 33.4 33.4 8 

WAHKIAKUM 13 374.4 $158.56  87.6 286.8 0.0 273.8 374.4 40 



Washington U.S.  Department of Agriculture - Farm Service Agency As of: 08-29-03 
Conservation Reserve Program - Monthly Contract Report Prepared on: 08-29-03 Report ID - 

MEPRTN-R1 Summary for Active Contracts for all Program Years (1986-2004) Page: 13 
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WALLA WALLA 539 149,966.2 $53.06  1,501.20 2,573.0 0.0 1,496.9 1,728.1 10 

WHATCOM 87 1,021.5 $347.06  1,021.50 0.0 0.0 858.3 1,021.5 1 

WHITMAN 1,720 138,802.3 $74.16  0 32,203.6 456.5 754.0 1,061.7 12 

YAKIMA 185 53,341.3 $39.58  147.2 497.7 0.0 235.0 235.0 10 

                   

STATE TOTAL: 9,878 1,286,822 $52.14  7,080 83,609 7,906 13,880 17,953 8 

  http://www.fsa.usda.gov/crpstorpt/08Approved/r1sumyr/wa.htm 



Appendix E 

Upper Middle Mainstem Columbia River Subbasin 

 

Water Quality Parameters Affected by Hydropower Production 

 

Total Dissolved Gas 
Total dissolved gas (TDG) supersaturation often occurs during periods of high runoff and 
spill at hydropower projects and can be harmful to fish. Supersaturation occurs when 
gases, entrained by water passing over spill gates, are carried to depth by the plunging 
action of the spill and forced into solution by increased hydrostatic pressure (Perleberg 
and McDonald 2000). Fish and other aquatic organisms that are exposed to excessive 
TDG supersaturation can develop gas bubble trauma (GBT), a class of harmful and 
potentially fatal symptoms. Total dissolved gas supersaturation in the Columbia River 
was identified in the 1960’s and 1970’s as a potential detriment to salmon. Those 
concerns have reappeared as management agencies have reinstituted spill as a means of 
aiding downstream fish passage throughout the system. 

The WDOE has set a TDG standard of 110 percent of saturation for all flowing 
waterways. The WDOE has approved an interim modification to the standard of 110 
percent to allow spill for fish passage. The revisions under this modification to state 
water quality standards allow an average TDG level of 120 percent for the highest 12 
hours of a day at the tailrace of the respective dam and allow an average of 115 percent 
for the highest 12 hours of the day at the forebay of the next downstream dam. The 
modification to state water quality standards also incorporates a maximum one-hour 
average TDG reading of 125 percent in the tailrace. These standards do not apply during 
periods when the river flow exceeds the seven-day, 10-year-frequency flood (7Q10-the 
level of a flood release that could be expected to occur for a period of seven days on the 
average of once in ten years). Total dissolved gas at the UMM hydro projects is 
monitored in both the forebay and tailrace of the projects. The projects typically remain 
in compliance with the WDOE standards, but on occasion, TDG levels exceed the 
maximum allowed. This exceedance usually occurs during periods of high run-off or 
when the water coming into a project is nearing, or is out of compliance with WDOE 
standards. 

Water Temperature 
The effect of hydropower projects on Columbia River water temperature has been to 
delay the time when thermal maximums are reached and when cooling begins in late 
summer (BPA et al. 1994). The thermal regime of the UMM is largely influenced by 
releases from Grand Coulee Dam, which is the main upstream deepwater storage project. 
The UMM hydroelectric projects are run-of-river facilities with very limited capability 
for storage and flow regulation. In general, the low retention times of the reservoirs at 
these facilities limit the potential warming that can occur. 



Dissolved Oxygen 
Dissolved oxygen (DO) levels in the subbasin do not typically decline below the 
minimum Environmental Protection Agency (EPA) standard for DO in Class A waters of 
8.0mg/l. 

Turbidity and Suspended Sediments 
Turbidity and suspended sediments in the UMM are relatively low (BPA et al. 1994). The 
hydroelectric projects and their associated reservoirs slow the river flow and allow 
sediment to settle out. Turbidity and suspended sediments are commonly higher in the 
tributaries than in the Columbia River of the Columbia River (BPA et al. 1994). 

Nutrients 
Water quality stations throughout the Columbia River typically show ammonia 
concentrations that are below the EPA chronic freshwater standard. Mean annual 
phosphate concentrations often exceed levels that could stimulate algal blooms. Highest 
phosphate levels occur at the start of spring runoff, and in the late fall at the end of the 
low-flow season. High levels are also encountered in winter when biological uptake is 
lowest (BPA et al. 1994). 

High levels of nitrates and phosphates have also been observed in the upper reaches of 
the Douglas Creek watershed, the main tributary to the Moses Coulee (Isasacson 1989), 
though water samples from lower reaches show higher water quality. Bartu and 
Andonaegui (2001) suggested that the higher flows in the lower reaches of Douglas 
Creek might be acting to dilute the levels of nitrates and phosphates. 
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Introduction 
  
At the request of the Northwest Power and Conservation Council (Council), the Pacific 
Northwest Aquatic Monitoring Partnership (PNAMP) has developed this guidance to 
help subbasin planners design the monitoring elements of the subbasin plans being 
developed under the Council’s Fish and Wildlife Program.  It provides general and some 
specific considerations to the Council and subbasin planners on how their monitoring can 
fit within the broad range of monitoring activities in the Pacific Northwest.  It also 
provides an explanation of general technical considerations for implementing the various 
types of monitoring and related topics.  
 
PNAMP offers this initial guidance for monitoring efforts at the subbasin level as a step 
to encourage the coordination of local, tribal, state and federal programs.  Subbasin 
planners can decide to whether or not, and to what degree, they may elect to use this 
guidance.  PNAMP understands that this guidance is being offered very late in the 
planning process and therefore does not intend that it add new requirements, but rather 
that it provide near-term guidance to those still formulating or modifying the monitoring 
elements of their subbasin plans.  This guidance will be less useful to those subbasin 
planers who are well along in the development of the monitoring elements of their plans, 
but should nonetheless provide information for those who may modify their plans at a 
later time.    
 
Overview of the Pacific Northwest Aquatic Monitoring Partnership 
 
Monitoring efforts have typically evolved in response to different organizational 
mandates and management questions.  Despite inherent differences much overlap exists 
across broad geographical areas, and there are issues and questions shared in common.  
Collecting monitoring data in a fashion that can be “rolled-up” to larger scales is essential 
for information gathered at the scale of watersheds or subbasins to support evaluations at 
larger geographic scales, such as province or Evolutionarily Significant Unit (ESU).  This 
necessitates a higher level of coordination and creates a new set of challenges at all levels 
of involvement.  Toward that end, the PNAMP drafted a coordination plan for monitoring 
in the Pacific Northwest, “Recommendations for Coordinating State, Federal, and Tribal 
Watershed and Salmon Monitoring Programs in the Pacific Northwest” (PNAMP 2004). 
 
The purpose of PNAMP “is to coordinate monitoring of important scientific information 
at the appropriate scales needed to inform public policy and resource management 
decisions” (PNAMP 2004).  Members of PNAMP include state, federal, and tribal 
representatives with a common interest in regionally coordinating various aspects of 
watershed condition monitoring, fish population monitoring, action effectiveness 
monitoring, and data management (see Appendix A - Participants in PNAMP).  The 
current focus of PNAMP is on watershed condition and anadromous fish.  PNAMP has 
not made a decision at this time on whether to coordinate monitoring of resident fish and 
wildlife in the future.  Consequently, the scope of this document is limited to monitoring 
of watershed condition and anadromous fish, and it does not address monitoring of 
resident fish and wildlife.  Subbasin planners can consider the guidance developed by 
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Council for monitoring these species, as provided in the Technical Guidelines for 
Subbasin Planners and other documents. 
 
Nexus with Subbasin Planning 
 
In January and February of 2004, PNAMP provided briefings to the Council and other 
regional state, tribal and federal executive level groups on its draft coordination plan.  At 
their briefing to the Council’s Regional Coordination Group (RCG) for subbasin 
planning, PNAMP was asked to provide what guidance it could in the limited time 
available to assist subbasin planners in developing the monitoring elements of their 
subbasin plans. In response to that request, PNAMP is herein providing the Council and 
subbasin planners with guidance and considerations for monitoring.  This guidance is 
advisory in nature, as PNAMP has no inherent authority.  PNAMP is an ad hoc 
collaborative group currently operating without funding or charter that is motivated by 
the need for technical coordination between its members and across various programs.  
Despite these limitations, the group elected to provide guidance because several members 
of PNAMP are involved with subbasin planning, and because the Columbia River Basin 
constitutes a sizable portion of the geographic scope of PNAMP, from Canada to 
Northern California.  In sum, it is not the intention of PNAMP to dictate a particular 
direction to subbasin planners, but rather to share the current thinking of the group on 
many topics relevant to the development of monitoring elements of subbasin plans. 
 
In 2000 the Council initiated subbasin planning to help local entities work with resource 
experts and managers to develop their own restoration plans.  Subbasin planning 
incorporates a bottom-up approach, with input from a wide range of stakeholders and 
professionals who are most familiar with the logistical needs in their areas.  The Council 
has stipulated that subbasin plans include a monitoring element.  (Monitoring is also 
required in salmonid recovery plans.) The Council requirements for the monitoring 
components of subbasin plans were first provided two years ago in the Technical 
Guidance for Subbasin Planners (NPPC 2001).  Although subbasin planning remains a 
bottom-up initiative, several developments within the field of monitoring and data 
management over the last two years have shifted the Council’s perspective on the 
efficacy of the bottom-up approach for monitoring. 
 
Programmatic or Regional Approach:  The need for more extensive, programmatic level 
habitat and fish population performance tracking and action effectiveness research have 
emerged as critical elements of survival and recovery plans for salmonids listed under the 
Endangered Species Act (ESA).  Consequently, monitoring questions have been 
identified in the Federal Salmon Recovery Strategy and the Implementation Plan of the 
Action Agencies addressing the NOAA-Fisheries Biological Opinion (Biological 
Opinion) on the Federal Columbia River Power System (FCRPS).  (Note: the Action 
Agencies are Bonneville Power Administration, the Army Corps of Engineers, and the 
Bureau of Reclamation.)  The monitoring questions now being asked are best answered at 
large-scale landscape and ecosystem levels.  The Federal Research, Monitoring and 
Evaluation Plan for the FCRPS Biological Opinion and the detailed Upper Columbia 
Monitoring Strategy document the need for this approach.  Monitoring and evaluation is 
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also required under the Pacific Coastal Salmon Recovery Fund.  Furthermore, scientific 
reviews by the Independent Scientific Advisory Board and the Independent Scientific 
Review Panel have repeatedly called for a regionally coordinated approach to monitoring. 
Although the Council has reaffirmed the bottom-up approach in regard to other aspects of 
subbasin planning, the RCG has acknowledged the importance of developing a regional 
approach to monitoring that will support planning and the setting of restoration priorities 
across different geographic scales.  This is a long-term need of the Council’s Fish and 
Wildlife Program and an immediate need for ESA planners across the Pacific Northwest. 
One of the tasks of PNAMP is to identify the common metrics and designs necessary to 
address questions at and across these different scales. 
 
Subbasin or Project Approach:  PNAMP intends that this initial guidance constitute a 
first step in an on-going effort to support local programs in the Pacific Northwest as a 
means to grow a coordinated regional monitoring program over time.  A majority of 
monitoring work is still occurring at the project scale, for example, in support of 
individual habitat projects.  Yet, comprehensive monitoring strategies consistent with the 
federal initiatives are now being implemented at the state level in Oregon and 
Washington.  Pilot projects are currently being implemented or planned in the 
Wenatchee, John Day, and Upper Salmon rivers to collect data and to test and develop 
more precise protocols and provide increasingly explicit guidance based on field-tested 
approaches at the subbasin level. (These pilot projects demonstrate how the top-down 
approach can work to create monitoring projects that have systemwide applications.) 
 
For these reasons, it is clear that both bottom-up and top-down approaches are necessary 
to develop effective and efficient monitoring plans across the Pacific Northwest.  
PNAMP sits squarely in between a network of executives who administer resource 
management programs (top level) and PNAMP members and their constituent groups 
who implement restoration projects in support of these programs (bottom level).  Thus, 
PNAMP is in the middle, coordinating the most effective system design and application 
of individual or local projects, such as the pilot studies and NMFS’s trend monitoring 
project. 
 
Collaborative Approach:  The progress that PNAMP has made over the last several years 
is in large measure a result of its collaborative mode of operation.  PNAMP is working to 
coordinate existing monitoring programs and to address issues that challenge 
practitioners of monitoring irrespective of their geographical location or jurisdictional 
mandate.  PNAMP is not a planning forum or a program, but rather a technical work 
group whose primary incentive for coordination is the efficiencies to be gained through 
working collaboratively. 
 
PNAMP, with its mission to improve coordination of monitoring across multiple regional 
monitoring and evaluation programs, recognizes the importance and challenges of 
coordinating across the many subbasin monitoring and evaluation plans.   If these plans 
are not coordinated it will be very difficult to add up the results across multiple plans and 
make conclusions at broader scales, for example at the population level.  PNAMP 
recognizes that while helping monitoring programs in the Pacific Northwest strive to 



 4

achieve a greater degree of coordination there will be difficulty in making changes in 
ongoing monitoring programs.  Yet subbasin planning presents PNAMP with an 
opportunity not unlike that of the Pacific Coastal Salmon Recovery Fund, in which a 
subset of members have a specific goal, the achievement of which is beneficial to the 
parent group. 
 
It is important that PNAMP continue to develop technical tools and methodologies that 
are useful at different scales and for multiple efforts across constituent groups.  PNAMP 
will endeavor to develop additional products for use in the Pacific Northwest that 
subbasin efforts can use for 2005 and later field seasons.  PNAMP members have 
previously called for workshops on various topics of interest to its members across the 
Pacific Northwest Region.  If these workshops are held (sometime after the subbasin 
planning submission deadline), they would benefit from the participation of subbasin 
planners.   
 
PNAMP Coordination Plan: PNAMP intends to complete work on its coordination plan, 
by fashioning it into a forward-looking, Strategic Monitoring Framework.  The exercise 
of completing the PNAMP plan will provide Tribal and State representatives to PNAMP 
a better vehicle for coordinating with subbasin planners into the future than this guidance 
can provide, since it is a response to a Council request for immediate assistance. PNAMP 
has long provided a forum for coordination amongst its current members, who number 
over thirty entities representing a broad array of entities and geographic areas.  In light of 
the number of watersheds in the Columbia River Basin (62) and the even larger number 
between the Canadian border and Northern California, PNAMP members who represent 
state monitoring programs along with subbasin coordinators, will provide the initial 
points of contact for subbasin planners and PNAMP.  During the implementation of 
subbasin plans in the Columbia River Basin, PNAMP can be viewed as a source of 
technical expertise on monitoring in the Pacific Northwest.   
 
Limitations of This Guidance 
 
The PNAMP guidance is divided into sections explaining general and specific 
considerations. The latter section outlines current PNAMP thinking and experience in 
regard to relevant technical issues.  Please note that some of these considerations may 
change over time as this coordination effort develops further.  Because the Council’s 
Technical Guidance for Subbasin Planning (NPCC 2001) states, “the monitoring plan 
should not include project specific monitoring,” this guidance does not address 
considerations for monitoring at the project scale. 
 
PNAMP accepted the task of helping subbasin planers because of the significant 
opportunity it afforded to improve coordination of regional monitoring efforts. Despite 
the very tight deadlines with which subbasin planners are confronted, PNAMP has tried 
to provide the best guidance possible in the time available.  However, PNAMP fully 
recognizes that the guidance has limitations.   The guidance is not sufficiently detailed to 
represent a complete step-by-step “how-to-guide” or tutorial for monitoring, nor is it 
based (as would be desired) on a survey of all subbasin planning needs.  However, 
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PNAMP feels it represents a “checklist” of critical elements and other considerations for 
use in developing subbasin monitoring efforts, and it offers direction for access to 
example protocols. 
 
This guidance is not intended to supplant the efforts of subbasin planers who are well 
along in the development of the monitoring elements of their plans.  Rather, PNAMP 
hopes to provide guidance for these efforts and other similar efforts into the future, while 
providing near-term guidance to those still formulating the monitoring elements of their 
subbasin plan.  
 
Assumptions Regarding Development of Monitoring Elements of Subbasin Plans 
 
1.  Monitoring and evaluation coordination and implementation will be an ongoing 
     activity at the reach, subbasin, and regional levels.  PNAMP assumes these iterative, 
     concurrent processes at different scales will be coordinated to optimize when and 
     where implementation occurs to increase learning from broader scale monitoring both  
     within and across subbasins.   It is important to note that PNAMP provides a  
     coordination function; PNAMP itself will not implement monitoring. 
 
2.  Monitoring that is proposed will be more effective if it fits within a broader 
     programmatic network of status monitoring programs and intensively monitored 
     watersheds.  PNAMP assumes subbasin efforts will be able to rely on the broader 
     monitoring framework and programmatic activities to meet some of their 
     needs. 

 
3.     PNAMP assumes local, bottom-up approaches developed within subbasins will have 

     higher likelihood for successful funding and meaningful results if they reflect the 
     approaches being developed within the comprehensive state, tribal initiatives, and 
     federal pilot projects (Wenatchee, John Day, and Upper Salmon), and the top-  
     down framework and considerations being developed by PNAMP. 

 
4.  PNAMP assumes monitoring elements of subbasin plans that diverge from PNAMP 
     guidance will be explained and framed as pilot approaches to address uncertainties in 
     monitoring strategies or protocols. 
   
5.  Additional coordination issues pertaining to larger spatial scales will be identified 
     through PNAMP efforts. 
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General Considerations for Creating Monitoring and Evaluation 
    Elements of Subbasin Plans 
 

A Strategic Monitoring Framework for Subbasin Planning 
 
The considerations in this section will help the Council and subbasin planners determine 
the appropriate scales of monitoring and evaluation needed to meet the vision, goals and 
objectives of subbasin plans.  It provides an approach that can be voluntarily used as a 
foundation for a more detailed, regionally compatible monitoring and evaluation plan. 
 
The implementation and adaptive management of subbasin plans will be difficult absent   
a well-developed and consistent monitoring framework for the region.  The draft PNAMP 
monitoring coordination plan is intended to develop regional-level guidance for use by 
the various programs of the members.  PNAMP recommends that the implementation of 
monitoring program elements identified through subbasin planning (bottom-up) be 
consistent, to the extent practical, with the draft PNAMP plan for coordinating 
monitoring across the Pacific Northwest (top-down) and recognizes the necessity of both.  
Conceptually, PNAMP’s support for a hierarchical approach to monitoring is linked to 
guidance provided by the FCRPS Biological Opinion RME Plan and monitoring 
strategies developed by Oregon and Washington (Table 1).  In general, PNAMP sees a 
role for monitoring within the subbasins with respect to documenting implementation of 
restoration actions.  Subbasin and ESU scale status and trend monitoring are likely to be 
the responsibility of agency programs that will also need coordination.  Evaluating the 
effectiveness of federal, tribal, and state programs will require participation and 
cooperation of all those involved with responsibility for evaluation of the plans(Table 2). 
 
PNAMP is working to coordinate current regional monitoring programs that overlap one 
another at various spatial and temporal scales.  Those programs include:  
• Aquatic and Riparian Effectiveness Monitoring Program for the Northwest Forest 

Plan (AREMP); 
•  Pacfish/Infish Biological Opinion for the interior Columbia Basin (PIBO) Program; 
•  Interior Columbia Basin Ecosystem Management Program (ICBEMP); 
•  Columbia River Research, Monitoring, and Evaluation (RME) Program required by   
      ESA Columbia River Biological Opinions and the Columbia River Federal Salmon 
      Recovery Strategy MOU; 
•  EPA’s Environmental Monitoring and Assessment Program; 
•  NOAA’s Pacific Coastal Salmon Recovery Fund Program; 
•  Monitoring programs associated with salmon recovery and watershed restoration in 
     Oregon, Washington, California, and Idaho; 
•  National Park Service Monitoring Program; 
•  Collective and individual tribal monitoring programs; and, 
•  Co-manager harvest and hatchery monitoring programs. 

 
PNAMP expects to develop further information that should greatly aid monitoring 
coordination within the Columbia River Basin and across the entire Pacific Northwest.  
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Over the next year PNAMP will draft a Strategic Monitoring Framework that will 
identify: 
1.  A watershed condition and fish population status-monitoring network; 
2.  A network of Intensively Monitored Watersheds (IMWs) to monitor the 
     effectiveness of different categories of actions on fish at watershed scales; and, 
3.  Linkages among an identified suite of local, reach specific, action effectiveness 
     studies.   
 
The Strategic Monitoring Framework will identify resources across the cooperating 
agencies that can help implementers of the subbasin plans to appropriately scale, design 
and fund their programs.  In regards to watershed condition and fish population status 
monitoring, it is expected that this expanding network of monitoring programs will also 
lead to research relevant to a majority of the subbasins, including the identification of 
local, spatially, or temporally intensified monitoring needs.  PNAMP suggests that 
subbasin plans identify their status monitoring needs as: 
 
1.  Relying upon work conducted under an existing monitoring program 
     wherever possible; 
2.  A component of, or cooperator in, an existing monitoring program; 
3.  A needed addition under an existing or planned program; or 
4.  An independent, cooperating, contributor to the network of programs.  
 
The federal Action Agencies are implementing three subbasin pilot studies as part of the 
requirements of the FCRPS Biological Opinion.  The state of Washington is initiating 
IMW efforts that include work in the lower Columbia River.  The Bonneville 
Environmental Foundation is also sponsoring a ten-year program for three IMWs.  
PNAMP suggests that subbasin plans indicate whether their subbasin is now designated 
as a subbasin pilot or an IMW, or whether planners think it may serve as a good 
candidate for this type of monitoring.  Viable candidates for IMWs should have 
characteristics amenable to experimental design features as well as a reasonable potential 
for management manipulations involving monitoring at multiple treatment and control 
sites for different categories of individual or combination of actions across an entire 
watershed.  IMWs depend on reliable and precise sampling of adult spawners and smolt 
outmigrants. 
 

Principles for Coordinated Monitoring 
 
As described in PNAMP (2004), monitoring involves the deliberate and systematic 
observation, detection, and recording of conditions, resources, and environmental effects 
of management and other activities. The clear articulation by policy makers of guiding 
principles helps partners recognize program elements and objectives they share in 
common.  Although PNAMP’s draft coordination plan for monitoring addresses an area 
of greater geographic scope than the Columbia River Basin, its principles may be useful 
to subbasin planners as they develop the monitoring element of their plans. PNAMP’s 
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principles include several directives for its members that subbasin planners are 
encouraged to consider.  These principles are: 
 
1. Resource Policy and Management: The purpose of monitoring efforts is to provide 
the most important scientific information needed to inform public policy and resource 
management decisions. 

• Acknowledge each party’s mandates, objectives, and management milestones. 
• Construct a monitoring program that meets each party’s milestones and objectives 

through coordinating and sharing monitoring resources. 
• Develop a monitoring program that is sufficiently robust to meet public policy 

needs; demonstrate the links between public policy needs and monitoring efforts. 
• Develop a monitoring program that demonstrates compliance. 
• Commit to resolving scientifically the most important policy and management 

questions using an adaptive management approach. 
 
2. Efficiency and Effectiveness: Cooperative monitoring will enhance efficiencies 
and effectiveness of our respective and collective efforts. 
• Participate fully in the PNAMP, including the identification of contact(s) for 

monitoring issues. 
• Identify and coordinate goals, objectives, and budgets, and demonstrate resource 

savings over short and longer time frames. 
• Cooperatively adapt programs and budgets to address monitoring gaps. 
• State and federal agencies and the tribes commit to long term inter- and intra-

agency monitoring programs.  
• Encourage staff exchanges and shared training to learn what each other are doing 

(e.g., new innovations) and ensure consistency across programs. 
• Develop common monitoring approaches, including quality control/quality 

assurance programs; shared evaluation tools; integrated status and trend 
monitoring efforts; land use, land cover, and riparian vegetation categorization; 
core data for representative subset of watersheds in all represented states. 

• Perform all monitoring activities in a timely manner. 
 
3. Scientifically Based: Environmental monitoring must be scientifically sound. 

• Develop an integrated monitoring program (e.g., issues, disciplines, and values). 
• Monitoring program is based on shared goals and objectives (e.g., census level, 

regional status and trends, cause and effect questions, effectiveness of regional 
efforts, identification of trouble spots). 

• Address multiple spatial and temporal scales. 
• Develop and use compatible data collection and analysis protocols. 
• Recognize inherent diversity and variability and dynamic inter-relationships or 

resource conditions in monitoring design, analysis and interpretation. 
• All environmental data should have a known level of precision. 
• All baseline data on ecosystems are known and compiled between agencies. 
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4. Shared Information: Monitoring data should be accessible to all on a timely basis. 
• Make strategic investments in information systems needed to make data useful. 
• Monitoring databases would integrate a number of issues, disciplines and values.  
• Data management systems and protocols provide a linkage for sharing data 

between agencies.  
• Adopt and use common data sharing protocols.  
• Adopt and use common database/s of core metadata, data, and electronically 

connected distribution systems. 
 

Summary of General Considerations 
 
1.  It is important to first identify the management questions that any monitoring program 
is intended to address.  (Appendix B provides examples of management questions that are 
the focus of several existing regional monitoring programs.)   These broader level 
questions frame the objectives and scope of a monitoring strategy.  Additional, more 
detailed questions then need to be developed and answered for developing a specific 
monitoring strategy or program design.  (The section on Program Setup can help identify 
design level questions that need to be addressed in the development of a specific 
monitoring strategy.) 
 
2.  Subbasin plans and their implementation will be significantly strengthened if they 
incorporate and are consistent with the principles of the draft PNAMP coordination plan. 
 
3.  Subbasin plans will be more effective if they establish a method to link with the 
continuing development of a Strategic Monitoring Framework by PNAMP, and identify 
and incorporate guidance for local subbasin level monitoring and evaluation that can be 
incorporated within this framework. 
 
4.  Create a process within subbasin plans to incorporate additional guidance from efforts 
such as the federal Action Agencies’ pilot studies, Collaborative Systemwide Monitoring 
and Evaluation Project (CSMEP), statewide monitoring initiatives, and further PNAMP 
guidance as it becomes available. 
 
5.  Subbasin plans will be more effective if they identify concrete actions and provide 
specific plans to promote and achieve needed monitoring and evaluation, and are not 
“plans to do planning.” 
 
6.  Subbasin plans will be more effective if they identify existing, expanding, or future 
planned status and trend monitoring programs and action effectiveness research that can 
be used to partially or completely meet the monitoring and evaluation needs of subbasin 
plans.  (Note: PNAMP has begun to identify the scope of existing monitoring programs. 
 
7.  Subbasin plans will be more effective if they explain how they incorporate existing 
monitoring guidance from federal, state or tribal programs. 
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8.  PNAMP suggests that local habitat monitoring needs identified in subbasin plans be 
addressed using procedures and protocols that result in data that can be linked and 
interpreted at larger spatial scales (e.g., EMAP design, Upper Columbia Monitoring 
Strategy, and the Washington and Oregon monitoring strategies).  This can be achieved 
by requiring standard monitoring designs and sampling protocols that have been agreed 
to or that are being compared within the PNAMP process. (Additional technical detail on 
appropriate fish, action effectiveness, data management and watershed condition 
sampling protocols will likely begin to be available from PNAMP and others this fall and 
beyond.) 
 
9.  Subbasin plans will be more effective if, to the extent possible, they utilize guidance 
on specific monitoring standards, protocols and methods as referenced in relevant 
ongoing efforts or existing documentation. 
 
Specific Considerations Regarding the ISRP Review Checklist 

 
PNAMP understands that the Council’s Independent Scientific Advisory Board (ISAB), 
Independent Scientific Review Panel (ISRP), and Peer Review Groups will be reviewing 
the subbasin plans.  To ensure consistency, the science group reviewers have been 
provided a checklist, available at:  
http://www.nwcouncil.org/library/isrp/SubbasinPlanReviewGuide.htm.  In this section, 
PNAMP identifies considerations specific to the monitoring and evaluation elements of 
the checklist. 
    

Monitoring Objectives (Checklist III.D.2)   
PNAMP Consideration 2-1:  Adopt a short list of measurable objectives designed to 
answer subbasin scale questions about the condition of the watersheds and associated 
imperiled fish. PNAMP recommends that subbasin planners carefully develop the 
monitoring questions to be answered within the subbasin.  After the questions have been 
developed, they should be prioritized.  It is unlikely there will be sufficient funds 
available to complete all the desired monitoring.  Some possible questions include the 
following examples taken from Washington’s Comprehensive Monitoring Strategy 
(WMOC 2002). 

• How are the annual abundance and productivity of salmon by species, ESU, and 
life stage changing over time within the subbasin? 

• What improvements are occurring in restoring the geographic distribution of 
salmon by ESU, species, and life stage within the subbasin? 

• What is the quality of surface waters in the subbasin? 

• How are surface water quality conditions changing over time? 

• What are the overall impacts of human related activities on freshwater habitat and 
landscape processes within the subbasin? 
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Once the monitoring questions have been developed, specific measurable monitoring 
objectives can be defined to answer the monitoring questions. Following are examples of 
objectives that tie directly to the monitoring questions given as examples above. 

• Measure status and track trends of the numbers of spawning salmon by stock in 
each subbasin.  

• Measure the geographic distribution (identify drainages occupied by salmon) and 
evaluate trends of salmon in each subbasin. Determine whether their geographic 
distributions are improving. 

• Measure status of identified water quality indicators. 

• Measure the trend of identified water quality indicators at stations representing 
the cumulative effects of human caused impacts and natural conditions. 

• Measure status and trends of identified freshwater habitat indicators in the 
subbasin. Evaluate whether they are improving relative to a desired target or 
objective 

Monitoring Indicators (Checklist III.D.3) 
 
PNAMP Consideration 3-1:  Adopt a short list of measurable indicators designed to 
provide measures of subbasin scale objectives for the condition of the watersheds and 
associated fish and wildlife.  The indicators should be found in commonly accepted 
protocols where estimates of their variance and coefficient of variation have been 
obtained, and there is confidence that the indicator can detect change within a reasonable 
amount of time.  Although the PNAMP has not finalized the broader scale strategy and 
recommended indicators and associated protocols, the currently recommended indicators 
are described below under the various types of monitoring.  

PNAMP Consideration 3-2:  Collection of indicator data to meet the objectives of the 
monitoring program should be implemented using a structured sampling design.  The 
recommended model for development of probabilistic sampling plans for status and 
trends is the U.S. Environmental Protection Agency’s Environmental Monitoring and 
Assessment Program (EMAP) strategy proposed by the federal Action Agencies and 
NOAA Fisheries in their “Draft Research, Monitoring and Evaluation Plan for the 
NOAA-Fisheries 2000 Federal Columbia River Power System Biological Opinion” (The 
Research, Monitoring and Evaluation Plan, http://www.efw.bpa.gov/cgi-
bin/FW/welcome.cgi).  PNAMP recommends that subbasin planners cooperate with 
Columbia Basin-wide attempts to develop common probabilistic (statistical) site selection 
procedures for population and habitat status monitoring. (Information about design 
approach of EMAP can be found at: http://www.epa.gov/nheerl/arm/). 
 
PNAMP Consideration 3-3:  PNAMP recommends that status and trends monitoring at 
the subbasin scale be part of a larger strategy for monitoring regional status and trends.  
PNAMP agrees with the ISRP that the EMAP probabilistic sampling plan is most 
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appropriate for estimating status of habitat and fish and for tracking long-term trends in 
habitat, water quality and fish distribution. PNAMP recommends: 
 

• Developing a regional aquatic monitoring network covering the states of 
Washington, Oregon, Idaho, and Northern California using the randomized, 
spatially balanced, probabilistic design developed by the EMAP (Peck et al. 
2001).  (PNAMP will help facilitate and coordinate this development.)  The 
monitoring network would be flexible to allow reporting of status and trends at 
various spatial scales (eco-regions, ESUs, subbasins) and across institutional 
boundaries (i.e., states, tribes, AREMP, PIBO, Interior Columbia Basin).  This 
will facilitate the integration and sharing of multi-agency data collection and 
interpretation at the broadest scale, statewide, with subbasins participating to add 
data points complementary to the broader effort and in cooperation with other 
federal and state efforts and capable of reporting status and trends at subbasin 
scales, e.g. OWEB, AREMP, and PIBO (Kershner et al., 2001). 

 
• PNAMP will initiate a regional discussion about selecting monitoring sites across 

the states of the Pacific Northwest, an area within which the Columbia River 
Basin’s 62 subbasins are included, in an effort to encourage individual subbasins 
toward a scenario where information will be integrated at coarser scales, such as 
ESUs.  

 
• PNAMP recognizes that subbasin planners and implementers comprise a new and 

potentially large group of monitoring practitioners in the Pacific Northwest.  
PNAMP members involved in subbasin planning and implementation can share 
their experiences with PNAMP, and PNAMP can in turn develop products for its 
members in the Pacific Northwest that will be useful to subbasin planners.  To 
initiate this interaction PNAMP recommends that a workshop be convened at the 
earliest opportunity, at which subbasin planners can learn more about the design, 
rationale, and mechanics of EMAP, and PNAMP members can learn more about 
the issues ranging across the Columbia Basin. 

  
• The recently completed Pacific Coastal Salmon Recovery Fund (PCSRF) Data 

Dictionary provides a set of metrics for reporting data concerning the type and 
extent of salmon recovery work funded under PCSRF, the budget and the 
organizations involved. Information about projects funded by PCSRF will be 
accessible at the link: http://www.nwr.noaa.gov.  (Look under Regional News 
Releases/Pacific Coast Salmon Recovery Fund for "PCSRF Performance 
Metrics/Data Definitions Excel spreadsheet 66k.")  These metrics are 
recommended for use in the subbasin efforts to organize and report project level 
information regardless of funding source, but are not sufficient for reporting 
scientific data for monitoring and evaluation purposes. 

 
PNAMP Consideration 3-4:  PNAMP recommends subbasin planners inventory 
restoration projects within their subbasins and determine whether the funding entities 
have provided for reach scale effectiveness monitoring.   
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PNAMP Consideration 3-5:  Monitoring in support of contract compliance is 
appropriate for individual actions and will need to conform to the requirements of the 
respective funding agencies.   

Data and Information Archive (Checklist III.D.4)  
Adequate access to information related to watershed health and salmon recovery is a 
critical unmet need.  The reporting of recovery success depends on consistent data 
management standards, which in turn can support composite statistics showing 
cumulative actions of all federal state, tribal, and local entities. The PNAMP data 
management goal is to: develop or adopt fish and habitat data collection protocols, 
sampling protocols and analytical methods and, to ensure that data arising from these 
protocols can be managed, shared and used. There are many different existing 
interests/initiatives concerned with improving data collection or management in the 
Pacific Northwest that represents different constituencies, mandates and obligations.  
There is no common regional data management system of standards or protocols or 
network that links these interests and initiatives. 
 
PNAMP recognizes a new effort called the Northwest Environmental Data (NED) 
network (formerly CBCIS) proposes to work within the region to adopt and maintain 
standards and protocols for data collection and sharing.  The role of NED will be to 
identify, understand, and document where there are gaps and overlaps in collection 
protocols across the region, and to coordinate efforts to address those gaps and overlaps 
by identifying where expert work groups are needed.  NED may have a key role in 
support of subbasin plan implementation and information management. 
 
PNAMP Consideration 4-1:  PNAMP recommends that subbasin planners not develop 
separate data management systems for each subbasin. This guidance should help to meet 
the standards of existing data management systems and to identify mechanisms so that 
subbasin planners can more easily access these systems.   PNAMP recommends that 
subbasin planners follow a consistent data management methodology that breaks the 
tasks into distinct steps: 
1.  Assessing needs and gathering requirements. Understanding the necessary data  
     products, the people who are involved, and when products are needed. 
2.  Developing a detailed Data Management Coordination Project Plan following 
     forthcoming guidance from PNAMP.  Set out the time frame for deliverables, who 
     will do what and when and cost and cost share. 
3.  Analyzing the requirements.  The requirements need to be described in data 
     management terms. 
4.  To the degree possible, utilize existing database projects and systems. 
5.  Designing, developing and testing solutions. 
6.  Transition and training.   
7.  Deployment. 
8.  Maintenance.  
9.  Independent validation and verification. 
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It is likely that PNAMP will identify coordination and sharing tasks that will require the 
development and adoption of standard monitoring protocols for both the collection and 
management of data.  The Upper Columbia Monitoring Strategy (UCMS) (Hillman 2004) 
provides an example of a protocol for collection of data in the field; that is sampling 
protocols, required variables, etc.  Work under the federal pilot projects provides an 
example of protocols for the management of data, including data definitions, data 
organization and storage standards. 
 

Coordination and Implementation (Checklist III.D.5) 
 
PNAMP Consideration 5-1:  An important goal of PNAMP is to facilitate coordination 
among monitoring practitioners across the many state and federal monitoring programs in 
the Pacific Northwest.  PNAMP acknowledges that both the degree and the types of 
monitoring appropriate to implementing the strategies of a particular subbasin may be 
unique.  Further, there are likely to be diverse and not necessarily compatible 
opportunities for data sharing among proximal monitoring programs.  Therefore, PNAMP 
recommends that subbasin planners and implementers work with the Council and 
PNAMP to identify and facilitate opportunities for coordination.   

 
RME Logic Path (Evaluation and Adaptive Management)(Checklist III.D.6) 

PNAMP Consideration 6-1:  Develop the biological vision, objectives, and strategies 
for the subbasin to be implemented through the management plan.  Refer to the specific 
vision, objectives and/or strategies throughout the plan that tie the subbasin to the larger 
geographic area of the Columbia Basin and the specific ESUs of the listed species found 
within the basin. Tie together the monitoring approach to the programs adopted by the 
state where the subbasin resides, the federal RME plan for the FCRPS Biological 
Opinion, or recovery plans.  The responsibility for decision-making evaluations and 
management responses is shared by those working on restoration within a subbasin and 
those working across subbasins. 
PNAMP Consideration 6-2:  Pilot efforts are an excellent way to coordinate and 
concentrate support, and explore avenues that may have widespread implications.  
PNAMP recommends that such work be informed by prior or on-going efforts outside of 
the subbasin in question.  PNAMP is in the process of identifying a network of 
intensively monitored watersheds (IMWs) or equivalents across the Pacific Northwest. 
All subbasins do not necessarily need an intensively monitored watershed.  PNAMP 
recommends the subbasins evaluate current monitoring efforts where validation 
monitoring is occurring or could occur with minimal extra effort or funding.  PNAMP 
recommends IMWs treat specific target species and specific eco-regions.  IMWs or 
equivalents currently under development or being implemented are included in Table 3. 
 
Table 3. Intensively Monitored Watersheds 
 
Watershed Species Funding Entity/Cooperators 
Wenatchee River-Upper 
Columbia, WA 

Chinook, 
steelhead 

BPA, BOR, Upper Columbia Salmon 
Recovery Region, NOAA Fisheries 
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John Day River, OR Chinook 
steelhead 

BPA, ODFW, NOAA Fisheries, OWEB 

Clearwater River , ID Steelhead Under discussion 
Lower Columbia (Germany, 
Mill, Abernathy Creeks), 
WA 

Chinook 
coho 
steelhead 
chum 

SRFB, Lower Columbia Salmon 
Recovery region, WDFW, WECY 

Hood Canal, WA Coho 
steelhead 
chum 

SRFB, Hood Canal Coordinating 
Council, WDFW, WECY 

 

For status monitoring, PNAMP anticipates that much of the local need will be met by the 
expansion of the higher-level network of coordinated programs and recommends relying 
on and/or identifying how subbasins can contribute to that network of programs.  For 
action effectiveness monitoring, PNAMP is working to coordinate the strategic 
placement of IMWs noted above that will address the effectiveness of different actions 
and a limited set of more local, reach specific studies.  PNAMP encourages subbasin 
planners to identify subbasins and associated rationale for their consideration as possible 
candidate IMWs. 
 
General Considerations for Creating Monitoring and Evaluation 
    Elements of Subbasin Plans 

A disciplined, and well coordinated, monitoring and evaluation program is needed to help 
confirm our scientific assumptions, resolve key scientific uncertainties, and provide the 
basis for performance tracking and adaptive management. A coordinated program will 
maximize efficiencies; avoid duplication, and improve experiments to minimize 
confounding factors or actions. 

Relationship of Subbasin Plans to Existing Monitoring Efforts 

The technical guidance provided to subbasin planners was helpful, but did not promote 
the consistent, coordinated monitoring that is needed for the combination and contrast of 
data at the Tribal Lands, States, Provinces, and Columbia Basin levels.  PNAMP suggest 
that the monitoring sections of individual subbasin plans would benefit if they identify 
relationships to programmatic and regional or landscape-scale monitoring programs. 
Therefore, PNAMP suggests that subbasin planners provide the following information on 
their relationships to monitoring initiatives within the region. 

1. A summary table of ongoing monitoring and evaluation activities at the reach, 
subbasin and watershed level that reports “who, what and where” attributes are urged 
at a minimum. 

2. A short description of how the subbasin plan monitoring element: 

a. Assesses whether the goals of the subbasin plan are being met, or not; 
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b. Contributes to filling critical data gaps in the assessment; 
c. Complements project effectiveness monitoring; and,  
d. Describes how subbasin monitoring and evaluation contain complimentary 

components for measuring regional (e.g., ESU, province or landscape) 
scale status and trend for fish and wildlife populations. 

3.    Provides a brief statement about an implementation and coordination strategy. 

PNAMP suggests that the following guidance from the Federal RM&E Plan may be 
useful for framing monitoring and evaluation goals. 

1. Track the status of fish populations and their environment relative to required 
performance standards,  

2. Identify the physical and biological responses to management actions,  
3. Resolve critical uncertainties in the methods and data required for the evaluation of 

future population performance and needed survival improvements. 

PNAMP suggest that the following guidance for salmon and steelhead may be useful for 
framing monitoring and evaluation goals. 

1. Maintain and modify ongoing monitoring and evaluation efforts until a more 
structured and coordinated monitoring and evaluation framework and plans are 
developed and approved. 

2. Expeditiously implement monitoring and evaluation actions that address high priority 
needs. 

3. Collaborate with the NMFS recovery planning and research programs, the Federal 
Caucus' Basinwide Salmon Recovery Strategy, the NWPPC subbasin planning, and 
State and Tribal planning efforts to develop a basin wide monitoring and evaluation 
program and data management system.  

PNAMP suggest that the following guidance for resident fish may be useful for framing 
monitoring and evaluation goals. 

1. For species such as Kootenai River white sturgeon: define, monitor, and evaluate 
flows below impediments to meet natural reproduction objectives specified in the 
final recovery plan(s).  

2. For bull trout, to work with the USFWS resident fish recovery planning efforts to 
obtain basic population and distribution data needed to develop performance 
standards and to identify critical monitoring and evaluation needs.  

PNAMP suggest that the following guidance for developing an implementation and 
coordination strategy may be useful for framing monitoring and evaluation goal (example 
from the Oregon Plan). 

1. Assess status and trends of watershed conditions and salmon populations regionally. 
2. Monitor habitat, water quality, biotic health, and salmon in select watersheds. 
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3. Analyze habitat, water quality an population trends at the landscape scale. 
4. Document conservation and restoration projects, activities and programs. 
5. Evaluate effectiveness of restoration and management efforts locally. 
6. Evaluation the combined effectiveness of restoration and conservation efforts in 

select watersheds. 
7. Standardize monitoring, collection, management and analysis efforts. 
8. Coordinate and support public-private monitoring partnerships. 
9. Integrate information and product data products and reports. 

The status and trend-monitoring program (NOAA Pilot Studies proposal) for anadromous 
salmonids and habitat in the Wenatchee and Grande Ronde River basins will serve three 
major data collection efforts: 

 
• At the scale of a subbasin, assess on an annual basis the status of adult 

populations of anadromous salmonids. 
• At the scale of a subbasin, assess on an annual basis the population status or 

productivity of juvenile anadromous salmonids. 
• At the scale of a subbasin, assess on an annual basis the status of salmonid 

habitat. 
 
Data from the status and trend-monitoring program will be used for a variety of resource 
management purposes.  The primary utility of the information will be the annual 
assessment of status and resulting trend over time for these fishes and their habitat.  
However, monitoring and evaluation programs will also support restoration action 
planning and assessment by serving as the baseline information used for action siting, and 
the baseline against the biological impact of actions could be measured. 

Other useful references and links include: 

1. The Yakima Klickitat Fisheries Project:  http://www.ykfp.org 
2. The Northeast Oregon Hatchery: 

http://www.cbfwa.org/2001/projects/198805301.htm 
3. The Columbia Basin Fish and Wildlife Authority (M&E):  

http://www.cbfwa.org/rme.htm 
4. The State of Washington: Outline for Salmon Regional Recovery Plans.  

http://www.wdfw.wa.gov/recovery/recovery_model.htmCoordinated 
Management Strategy.  http://www.iac.wa.gov/srfb/monitoring.htm 

(Please see the reference sections of this document for a more comprehensive list of 
resources and full citations.) 

This rest of this section is intended to outline considerations for subbasin programs and 
technical details, intended to facilitate consistency in format and in scientific rigor across 
subbasins.  PNAMP has used the Upper Columbia Monitoring Strategy, or UCMS, 
(Hillman et al., 2004) as a template for this section because of its current relevancy. 
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The indicators and metrics contained in the UCMS are derived from NOAA Fisheries, the 
Federal Columbia River Research and Monitoring and Evaluation (RME) program and 
component BPA Pilot Projects; the state of Washington’s Coordinated Monitoring 
Strategy, and the Oregon Plan Monitoring Program.  Further, detailed guidance in the 
UCMS incorporates direction and considerations from programs such as: PIBO, AREMP, 
EMAP, and the WSRFB.  Over 35 private, state, federal and tribal representatives have 
contributed to the development of the UCMS over the course of 2003 and 2004.  Thus, 
the information contained therein, coupled with the following summarized sections, 
represents the most detailed guidance for program setup, implementation, design, 
methods, protocols, standards and indicators for monitoring that exist for a Columbia 
Basin subbasin at this time.  Please note that the UCMS also contains many elements and 
a level of detail that is consistent with an IMW as described previously. However, the 
UCMS is more detailed than will be needed for all subbasin plans.  The UCMS can be 
accessed online via the Columbia Basin Fish and Wildlife Authority at www.cbfwa.org 
under the RME section.   
 
The intent of the material that follows is to offer for consideration by planners a concise 
overview or checklist of steps for development of monitoring plans that would generate 
statistically valid results.   Although these steps are general, PNAMP recommends that 
planners address each one in order to develop complete understanding of status/trend and 
action effectiveness monitoring.  Below is a suggested table of contents that organizes 
information according to the steps needed to setup and implement a monitoring program.  
Following that is an outline of the technical steps needed to effectively design 
status/trend and action effectiveness monitoring. 

 Suggested Table of Contents 
 
1.  Statement of Need and Program Outline 
2.  Summary of Indicators and Program Elements 
3.  Summary of Monitoring and Evaluation Priorities 
4.  Program Set Up Statistical Design 
5.  Sampling Design 

a. Sample Size 
b. Measurement Error 

6.  Fish Population Monitoring Overview 
7.  Habitat Monitoring Overview 
8.  Biological Variables 
10. Physical/Environmental Variables 
11. Spatial Scales 
12. Performance Standards 
13. Classification 
14. Indicators to be used 
15. Measuring Protocols to be used 
16. Status Trend Monitoring 
17. Effectiveness Monitoring 
18. Data Management Needs Assessment and Data Management Plan 
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19. Peer Review and Annual Reporting 
20. Adaptive Management 
21. References 
22. Appendices as needed 

 Program Setup  
In order to setup a monitoring program, it will be important to follow a logical sequence 
of steps.  By proceeding through each step, the planner will better understand the goals of 
monitoring and its strengths and limitations.  These steps will aid the implementation of  
a valid monitoring program that reduces duplication of sampling efforts, and thus overall 
costs, but still meets the needs of the different entities.  The plan assumes that all entities 
involved with implementing the plan will cooperate and freely share information.  Setup 
steps are: 
 
1. Identify the populations and/or subpopulations of interest (e.g., spring Chinook, 

steelhead, bull trout). 
2. Identify the geographic boundaries (areas) of the populations or subpopulations of 

interest. 
3. Describe the purpose for selecting these populations or subpopulations (i.e., what are 

the concerns?). 
4. Identify the objectives for monitoring. 
5. Select the appropriate monitoring approach (status/trend or effectiveness monitoring 

or both) for addressing the objectives. 
6. Identify and review existing monitoring and research programs in the area of interest. 
7. Determine if those programs satisfy the objectives of the proposed program. 
8. If monitoring and evaluation data gaps exist, implement the appropriate monitoring 

approach by following the criteria outlined in 9-13. 
9. Classify the landscape and streams in the area of interest. 
10. Complete a data management needs assessment.  Describe how data collection and 
      management needs will be met and shared among the different entities.  
11. Identify an existing database for storing biological and physical/environmental data. 
12. Estimate costs of implementing the program. 
13. Identify cost-sharing opportunities. 
 

Detailed Technical Considerations Supporting the Table of Contents 
 

Basic Statistical Considerations 
 
This document defines “statistical design” as the logical structure of a monitoring study.  
It does not necessarily mean that all studies require rigorous statistical analysis.  Rather, it 
implies that all studies, regardless of the objectives, be designed with a logical structure 
that reduces bias and the likelihood that rival hypotheses are correct. The purpose of this 
section is two-fold.  First, it identifies the minimum requirements of valid statistical 
designs and second it identifies the appropriate designs for status/trend and effectiveness 
monitoring.  The following discussions draw heavily on the work of Hairston (1989), 
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Hicks et al. (1999), Krebs (1999), Manly (1992, 2001), and Hillman and Giorgi (2002). 
(See: Hillman et al. 2004) section 3, pages 9-13.) 

 
Sampling Design Considerations 

 
Once the investigator has selected a valid statistical design, the next step is to select 
“sampling” sites. Sampling is a process of selecting a number of units for a study in such 
a way that the units represent the larger group from which they were selected.  The units 
selected comprise a sample and the larger group is referred to as a population.1  All the 
possible sampling units available within the area (population) constitute the sampling 
frame.2  The purpose of sampling is to gain information about a population.  If the sample 
is well selected, results based on the sample can be generalized to the population.  
Statistical theory assists in the process of drawing conclusions about the population using 
information from a sample of units. 
 
Defining the population and the sample units may not always be straightforward because 
the extent of the population may be unknown, and natural sample units may not exist.  
For example, a researcher may exclude livestock grazing from sensitive riparian areas in 
a watershed where grazing impacts are widespread.  In this case the management action 
may affect aquatic habitat conditions well downstream from the area of grazing.  Thus, 
the extent of the area (population) that might be affected by the management action may 
be unclear, and it may not be obvious which sections of streams to use as sampling units.   
 
When the population and/or sample units cannot be clearly defined, the investigator 
should subjectively choose the potentially affected area and impose some type of 
sampling structure.  For example, sampling units could be stream habitat types (e.g., 
pools, riffles, or glides), fixed lengths of stream (e.g., 150-m long stream reaches), or 
reach lengths that vary according to stream widths (e.g., see Simonson et al. 1994).  
Before selecting a sampling method, the investigator should define the population, size 
and number of sample units, and the sampling frame. (See: Hillman et al. 2004) section 4, 
pages 9-13). 
 

Spatial Scale 
 
Because monitoring will occur at a range of spatial scales, there may be some confusion 
between the roles of status/trend monitoring and effectiveness monitoring.  Generally, 
one thinks of status/trend monitoring as monitoring that occurs at coarser scales and 
effectiveness monitoring at finer scales.  In reality, both occur across different spatial 
scales, and the integration of both is needed to develop a valid monitoring program 
(ISAB 2003; AA/NOAA Fisheries 2003; WSRFB 2003). 
                                                
1 This definition makes it clear that a “population” is not limited to a group of organisms.  In statistics, it is 
the total set of elements or units that are the target of our curiosity.  For example, habitat parameters will be 
monitored at sites selected from the population of all possible stream sites in the watershed. 
2 The sampling frame is a “list” of all the available units or elements from which the sample can be 
selected.  The sampling frame should have the property that every unit or element in the list has some 
chance of being selected in the sample.  A sampling frame does not have to list all units or elements in the 
population. 
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The scale at which status/trend and effectiveness monitoring occurs depends on the 
objectives of the study, the size or distribution of the target population, and the indicators 
that will be measured.  In status/trend monitoring, for example, the objective may be to 
measure egg-parr survival of spring Chinook salmon in the Wenatchee Basin.  Because 
the Wenatchee Basin consists of one population of spring Chinook (ICBTRT 2003), the 
entire basin is the spatial scale at which egg-parr survival is monitored.  In contrast, if the 
objective is to assess egg-parr survival of spring Chinook in the Chiwawa Basin (a sub-
population of the Wenatchee population), the spatial scale at which monitoring occurs 
includes only the Chiwawa Basin, a much smaller area than the entire Wenatchee Basin.  
Thus, status/trend monitoring can occur at various scales depending on the distribution of 
the population of interest. 
 
In the same way, effectiveness monitoring can occur at different spatial scales.  That is, 
one can assess the effect of a tributary action on a specific Recovery Unit or ESU (which 
may encompass several populations), a specific population (may include several sub-
populations), at the sub-population level (may encompass a watershed within a basin), or 
at the reach scale.  Clearly, the objectives and hence the indicators measured dictate the 
spatial scale at which effectiveness monitoring is conducted.  For example, if the 
objective is to assess the effects of nutrient enhancement on egg-smolt survival of spring 
Chinook in the Chiwawa Basin (a sub-population of the Wenatchee spring Chinook 
population), then the spatial scale covered by the study should include the entire area 
inhabited by the eggs, fry, parr, and smolts.  If, on the other hand, the objective is to 
assess the effects of a sediment reduction project on egg-fry survival of a local group of 
spring Chinook (i.e., Chinook within a specific reach of stream), then the study area 
would only encompass the reach of stream used by spawners of that local group. 
 
In theory there might be no limit to the scale at which effectiveness monitoring can be 
applied, but in practice there is a limit.  This is because as the spatial scale increases, the 
tendency for multiple treatments (several habitat actions) affecting the same population 
increases.  That is, at the spatial scale representing a Recovery Unit, ESU, or population, 
there may be many habitat actions within that area.  Multiple treatment effects make it 
very difficult to assess the effects of specific actions on an ESU.  Even though it may be 
impossible to assess specific treatment effects at larger spatial scales, it does not preclude 
one from conducting effectiveness monitoring at this scale.  Indeed, one can assess the 
combined or cumulative effects of tributary actions on the Recovery Unit, ESU, or 
population.  However, additional effectiveness monitoring may be needed at finer scales 
to assess the effects of individual actions on the ESU or population. (See: Hillman et al. 
2004, section 5, pages 31-33.) 
 

Classification 
 

Both status/trend and effectiveness monitoring require landscape classification.  The 
purpose of classification is to describe the “setting” in which monitoring occurs.  This is 
necessary because biological and physical/environmental indicators may respond 
differently to tributary actions depending on landscape characteristics.  A hierarchical 
classification system that captures a range of landscape characteristics should adequately 
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describe the setting in which monitoring occurs.  The idea advanced by hierarchical 
theory is that ecosystem processes and functions operating at different scales form a 
nested, interdependent system where one level influences other levels.  Thus, an 
understanding of one level in a system is greatly informed by those levels above and 
below it.   
 
A defensible classification system should include both ultimate and proximate control 
factors (Naiman et al. 1992).  Ultimate controls include factors such as climate, geology, 
and vegetation that operate over large areas, are stable over long time periods, and act to 
shape the overall character and attainable conditions within a watershed or basin.  
Proximate controls are a function of ultimate factors and refer to local conditions of 
geology, landform, and biotic processes that operate over smaller areas and over shorter 
time periods.  These factors include processes such as discharge, temperature, sediment 
input, and channel migration.  Ultimate and proximate control characteristics help define 
flow (water and sediment) characteristics, which in turn help shape channel 
characteristics within broadly predictable ranges (Rosgen, 1996).   
 
The UCMS plan proposes a classification system that incorporates the entire spectrum of 
processes influencing stream features and recognizes the tiered/nested nature of 
landscape and aquatic features. This system captures physical/environmental differences 
spanning from the largest scale (regional setting) down to the channel segment.  The 
Action Agencies/NOAA Fisheries RME plan proposes a similar classification system.  
By recording these descriptive characteristics, the investigator will be able to assess 
differential responses of indicator variables to proposed actions within different classes of 
streams and watersheds.  Importantly, the classification work described here fits well 
with Level 1 monitoring under the ISAB (2003) recommend strategies for restoring 
tributary habitat.  Classification variables and recommend methods for measuring each 
variable are defined below.   (See: Hillman et al. 2004) section 6, pages 33-45.) 
 

Indicators 

PNAMP has not yet convened a committee to negotiate a set of key indicators for the 
region.  However, a workgroup which includes some PNAMP members has identified the 
following as a subset of key indicators: bank-full width, reach length, bank-full depth, 
sediment, wood, gradient, pools, residual pool depth, bank stability, temperature, 
invertebrates, shade, riparian characteristics.  (Please note that this set of attributes has 
not been reviewed by PNAMP.) 

Theses indicators represent a subset of variables that should be measured.  Investigators 
can measure additional variables depending on their objectives and past activities.  For 
example, reclamation of mining-impact areas may require the monitoring of pollutants, 
toxicants, or metals.  Some management actions may require the measurement of 
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thalweg3 profile, placement of artificial instream structures, or livestock presence.  
Adding other needed indicators will supplement the core list.  

Indicator variables identified in the UCMS template are consistent with those identified 
in the Action Agencies/NOAA Fisheries RME Plan and with most of the indicators 
identified in the WSRFB (2003) monitoring strategy.  The Action Agencies/NOAA 
Fisheries selected indicators based on their review of the literature (e.g., Bjornn and 
Reiser 1991; Spence et al. 1996; and Gregory and Bisson 1997) and several regional 
monitoring programs (e.g., PIBO, AREMP, EMAP, WSRFB, and the Oregon Plan).  
They selected variables that met various purposes including assessment of fish 
production and survival, identifying limiting factors, assessing effects of various land 
uses, and evaluating habitat actions.  Their criteria for selecting variables were based on 
the following characteristics: 

• Indicators should be sensitive to land-use activities or stresses.  
• They should be consistent with other regional monitoring programs.  
• They should lend themselves to reliable measurement. 
• Physical/environmental indicators would relate quantitatively with fish 

production.  

Measuring Protocol 

An important component of all regional monitoring strategies (ISAB, Action 
Agencies/NOAA Fisheries, and WSRFB) is that the same measurement method be used 
to measure a given indicator.  The reason for this is to allow comparisons of biological 
and physical/environmental conditions within and among watersheds and basins.4  This 
section identifies methods to be used to measure biological and physical/environmental 
indicators.  The methods identified in this plan are consistent with those described in the 
Action Agencies/NOAA Fisheries RME Plan and, for the most part, consistent with 
EMAP and WSRFB protocols.   
 
PNAMP is supporting an initiative to coordinate a side-by-side comparison of protocols 
and will communicate to subbasin planners which protocols will be included in the test.  
This comparison, which is proposed to take place in 2005, will be done to identify which 
protocols are best for determining watershed condition status and trend. It’s possible a 
pilot study in the John Day basin will take place in 2004 if funding and logistical 
constraints are resolved.  
 
The Action Agencies/NOAA Fisheries monitoring group reviewed several publications, 
including the work of Johnson et al. (2001) that describe methods for measuring 
indicators.  Not surprisingly, there can be several different methods for measuring the 
same variable.  For example, channel substrate can be described using surface visual 

                                                
3 “Thalweg” is defined as the path of a stream that follows the deepest part of the channel (Armantrout 
1998). 
4 Bonar and Hubert (2002) and Hayes et al. (2003) review the benefits, challenges, and the need for 
standardized sampling.  
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analysis, pebble counts, or substrate core samples (either McNeil core samples or freeze-
core samples).  These techniques range from the easiest and fastest to the most involved 
and informative.  As a result, one can define two levels of sampling methods.  Level 1 
(extensive methods) involves fast and easy methods that can be completed at multiple 
sites, while Level 2 (intensive methods) includes methods that increase accuracy and 
precision but require more sampling time.  The Action Agencies/NOAA Fisheries 
monitoring group selected primarily Level 2 methods, which minimize sampling error, 
but maximizes cost.   
  
Before identifying measuring protocols, it is important to define a few terms.  These 
terms are consistent with the Action Agencies/NOAA Fisheries RME Plan. 
 
Reach (effectiveness monitoring) – for effectiveness monitoring, a stream reach is 

defined as a relatively homogeneous stretch of a stream having similar regional, 
drainage basin, valley segment, and channel segment characteristics and a 
repetitious sequence of habitat types.  Reaches are identified by using a list of 
classification (stratification) variables. Reaches may contain one or more sites. 
The starting point and ending point of reaches will be measured with Global 
Positioning System (GPS) and recorded as Universal Transverse Mercator 
(UTM). 

 
Although the level of accuracy expected from GPS reporting of stream locations may not 
be sufficient for all subbasin monitoring and evaluation purposes, the researchers for the 
John day and Upper Columbia projects are planning to use it for the subbasin pilot 
efforts. 
 
Reach (status/trend monitoring) – For status/trend monitoring, this section refers only to a 

“sampling reach” as defined by the EMAP design and referenced in the UC 
Strategy document.  This is one method to consider using to initially locate a 
reach, with the “X” point being the place where bankfull width is determined. 
From this location the extent of the upstream and downstream boundaries (total 
reach length) are determined according to the protocol used.   Data collected in 
the sampling reach should be linked to the best available hydrograpghy layers to 
facilitate mapping and use in a GIS. Typically the 1:100,000 scale has been used, 
but a routed 1:24,000 scale hydrography may soon become available. 

  
Note: Standardized GIS and post processing of spatial data will require a 
standardized protocol that does not currently exist.  In the interim PNAMP 
recommends the following:  1. all GIS data should be provided with Federal 
Geographic Data Committee compliant metadata, including information on 
projection used; 2. data should be linked to a standardized stream each 
identification system to facilitate mapping and use in GIS; and, 3. use existing 
1:100,000 and 1:24,000 hydrography layers where they have been cleaned and 
routed, and if not, use the best available information. 
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Site (effectiveness monitoring) – a site is an area of the effectiveness monitoring stream 
reach that forms the smallest sampling unit with a defined boundary.  Site length 
depends on the width of the stream channel.  Sites will be 20 times the average 
bankfull width with a minimum length of 150 m and a maximum length of 500 m.  
Site lengths are measured along the thalweg.  The upstream and downstream 
boundaries of the site will be measured with GPS and recorded as UTM.  For 
purposes of re-measurements, these points will also be photographed, marked 
with permanent markers (e.g., orange plastic survey stakes), and carefully 
identified on maps and site diagrams.  Site lengths and boundaries will be “fixed” 
the first time they are surveyed and they will not change over time even if future 
conditions change. 
 

Transect – a transect is a straight line across a stream channel, perpendicular to the flow, 
along which habitat features such as width, depth, and substrate are measured at 
pre-determined intervals.  Effectiveness monitoring sites and status/trend 
monitoring reaches will be divided into 11 evenly spaced transects by dividing the 
site into 10 equidistant intervals with “transect 1” at the downstream end of the 
site or reach and “transect 11” at the upstream end of the site or reach.  The 
number of transects varies for different attributes.  

 
Habitat Type – Habitat types, or channel geomorphic units, are discrete, relatively 

homogenous areas of a channel that differ in depth, velocity, and substrate 
characteristics from adjoining areas.  This plan recommends that the investigator 
identify the habitat type under each transect within a site or reach following the 
Level II classification system in Hawkins et al. (1993).  That is, habitat will be 
classified as turbulent fast water, non-turbulent fast water, scour pool, or dammed 
pool (see definitions in Hawkins et al. 1993).  By definition, for a habitat unit to 
be classified, it should be longer than it is wide.  Plunge pools, a type of scour 
pool, are the exception, because they can be shorter than they are wide. (See: 
Hillman et al. 2004) section 8, pages 59-76) 

 Status/Trend Monitoring  
 
If the objective of the monitoring program is to assess the current status of populations 
and/or environmental conditions, or to assess long-term trends in these parameters, then 
the following steps will help the investigator design a valid status/trend monitoring 
program. 
 

Problem Statement and Overarching Issues: 
 

1. Identify and describe the problem to be addressed.  
2. Identify boundaries of the study area.  
3. Describe the goal or purpose of the study. 
4. List hypotheses to be tested. 

 
Statistical Design (see Section 3 of UCMS Strategy): 
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1. Describe the statistical design to be used (e.g., EMAP design).  
2. List and describe potential threats to external validity and how these threats will 

be addressed. 
3. If this is a pilot test, explain why it is needed.  
4. Describe descriptive and inferential statistics to be used and how precision of 

statistical estimates will be calculated. 
 

Sampling Design (see Sections 4 & 5 of UCMS Strategy): 
 

1. Describe the statistical population(s) to be sampled. 
2. Define and describe sampling units. 
3. Identify the number of sampling units that make up the sampling frame. 
4. Describe how sampling units will be selected (e.g., random, stratified-random, 

systematic, etc.). 
5. Describe variability or estimated variability of the statistical population(s). 
6. Define Type I and II errors to be used in statistical tests (the plan recommends no 

less than 0.80 power). 
 

Measurements (see Sections 7 & 8 of UCMS Strategy): 
 

1. Identify indicator variables to be measured. 
2. Describe methods and instruments to be used to measure indicators. 
3. Describe precision of measuring instruments. 
4. Describe possible effects of measuring instruments on sampling units (e.g., core 

sampling for sediment may affect local sediment conditions).  If such effects are 
expected, describe how the study will deal with them. 

5. Describe steps to be taken to minimize systematic errors. 
6. Describe QA/QC plan, if any. 
7. Describe sampling frequency for field measurements. 

 
Results: 

 
1. Explain how the results of this study will yield information relevant to 

management decisions. 
 
Subbasin planners should include a section regarding how the data from the study (with 
metadata) will be stored, managed and made available to others.  A starting point for 
some subbasin data collection efforts, could be the data definitions document for the 
Upper Columbia and John Day pilot projects once it has been reviewed.  Proponents for 
the Upper Columbia and John Day projects are reviewing the final data dictionary on 
which their data system will be developed.  The mechanics of data management in the 
Upper Columbia and John Day systems are being developed by the respective project 
teams and need significant additional work. 
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Appendix A - Participants in PNAMP 
 
Tribal 
Columbia River Intertribal Fish Commission 
Confederated Colville Tribes 
Confederated Tribes of the Umatilla Indian Reservation 
Northwest Indian Fisheries Commission 
 
State Agencies 
California Department of Fish and Game 
Idaho Department of Fish and Game 
Oregon Department of Environmental Quality 
Oregon Department of Forestry 
Oregon Department of Fish and Wildlife 
Oregon Watershed Enhancement Board 
Washington Interagency Committee for Outdoor Recreation 
Washington Department of Ecology 
Washington Department of Fish and Wildlife 
Washington Governor’s Salmon Recovery Office 

 
Federal Agencies 
Bonneville Power Administration 
National Oceanic and Atmospheric Administration 
National Park Service 
U.S. Army Corps of Engineers 
U.S. Bureau of Land Management 
U.S. Bureau of Reclamation 
U.S. Geological Survey 
U.S. Environmental Protection Agency 
U.S. Fish and Wildlife Service 
U.S. Forest Service 
U.S. Park Service 

 
Regional 
Columbia Basin Fish and Wildlife Authority 
Northwest Power and Conservation Council 
Pacific States Marine Fish Commission - StreamNet 
 
Private Sector 
BioAnalysts 
Bonneville Environmental Foundation 
Chelan County PUD 
Keith Wolf Associates 
Humboldt State University 
Paulsen Environmental Research 
TetraTech 
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Appendix B - Examples of Key Monitoring Questions  
  
This section provides selected examples of management level questions that are being 
addressed under the Washington Comprehensive Monitoring Strategy; the Oregon Plan; 
the Draft Research, Monitoring and Evaluation Plan for the NOAA-Fisheries 2000 
FCRPS Biological Opinion; and the Okanogan Baseline Program. 
 
Washington Comprehensive Monitoring Strategy 

1. How are the annual abundance and productivity of salmon by species, ESU, 
and life stage changing over time? 

2. What improvements are occurring in restoring the geographic distribution of 
salmon by ESU, species, and life stage to their historic range? 

3. Are the unique life history characteristics of salmon within a Salmon Recovery 
Region changing over time because of human activities? 

4. What are the trends in the climate of the Pacific Northwest that will allow the 
State to anticipate and account for such conditions in initiating and monitoring 
management actions for watershed health and salmon recovery. What trends in 
climate may mask or expose the status of freshwater habitat and its role in 
salmon recovery? 

5. What are the trends in effects of hatchery production on the survival and 
productivity of wild salmon populations within each ESU? 

6. How are surface water quality conditions changing over time? 

7. How effective are clean water programs at meeting water quality criteria? 

8. What are the trends in water quantity and flow characteristics? 

9. What are the status and trends in habitat-forming landscape processes in 
riverine tidal, estuarine, and nearshore ecosystems as they relate to watershed 
health and salmon recovery? 

10. Are habitat improvement projects effective? 

Oregon Plan for Salmon and Watersheds Monitoring Framework 
 

1. What is the condition of salmon populations at the ESU, Subbasin and 
     watershed scale? 

 
2.  What is the status and what are the trends in aquatic habitats, water quality, 
      and stream flow?  
 
3. What are the critical factors that limit watershed function and salmon 
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   productivity? 
 

4. What constitutes detectable and meaningful change in habitat condition and 
    populations? 

 
5.  What changes are occurring in watersheds that improve stream habitat quality? 

 
6.   What are the management practices and programs that enhance or restore 
     watershed functions and salmon populations? 

 
7.  What habitat changes and biotic responses result from these projects, practices, 
     and programs?  

 
Draft Research, Monitoring and Evaluation Plan for the NOAA-Fisheries 
   2000 Federal Columbia River Power System Biological Opinion 
 

1. What are the abundances, productivity, and distributions of Columbia River 
     Basin (CRB) fish populations relative to performance standards or objectives? 
 
2.  What are the biological, chemical, and physical status of CRB fish habitat  
      relative to performance standards or objectives? 

 
3.  What are the relationships between fish populations and freshwater and 
      estuary/ocean habitat conditions that determine population-limiting factors?  

  
4.  What is the effect of a specific mitigation or management action on the habitat 
     and/or population performance of CRB fish? 

 
5.  What is the combined effect of multiple watershed level mitigation or 
      management actions on the habitat and/or population performance of CRB  
      fish? 

 
6.   Are Federal and state mitigation actions achieving the necessary survival 
      changes identified in the All H Federal Caucus Program and the FCRPS BO  
      for each ESU? 
 

Okanogan Baseline Program - The Colville Tribes (EMAP design): 
 

1.  What are the current habitat conditions and abundance, distribution, life-stage 
      survival, and age-composition of anadromous fish in the Upper Columbia  
      Basin (status monitoring)?  
 
2.   How do these factors change over time (trend monitoring)?  

 
3.  What effects do tributary habitat actions have on fish populations and habitat  
     conditions (effectiveness monitoring)? 
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4.  What effects do fishery management actions have on fish populations 
     (effectiveness monitoring)? 

 
5.  Is there is a statistically significant difference in the abundance, survival, and  
     timing and life history characteristics of summer/fall, spring Chinook, sockeye, 
    and steelhead (7-20+ year time frame)? 

 
6.  Is there is a statistically significant difference in selected physical habitat 
     parameters and characteristics for summer/fall, spring Chinook, sockeye, and  
     steelhead in the Okanogan basin resulting from the cumulative benefits of  
     habitat actions (7-20+ year time frame)? 

 
7.  What is the in-basin and out-of-basin harvest and stock-specific harvest of 
      hatchery and wild anadromous salmonids within the Okanogan subbasin  
      (ongoing)? 

 
8.   How effective are selective fishing gears and sites for possible future use for 
      selective Tribal subsistence fisheries?  



 34

Literature Cited 
 
Action Agencies (Bonneville Power Administration, U.S. Bureau of Reclamation, and 

U.S. Army Corps of Engineers) and NOAA Fisheries.  2003.  Draft research, 
monitoring and evaluation plan for the NOAA-Fisheries 2000 Federal Columbia 
River Power System Biological Opinion.  Bonneville Power Administration, U.S. 
Bureau of Reclamation, U.S. Army Corps of Engineers, and NOAA Fisheries, 
Portland, OR.  Web link: http://www.nwr.noaa.gov/1hydrop/hydroweb/fedrec.htm 

Bonar, S. A. and W. A. Hubert.  2002.  Standard sampling of inland fish: benefits, 
challenges, and a call for action.  Fisheries 27:10-16. 

Bjornn T. C. and D. W. Reiser.  1991.  Habitat requirements of salmonids in streams.  
American Fisheries Society Special Publication 19:83-138. 

Good, T. P., T. K. Harms, and M. H. Ruckelshaus. 2003. Misuse of checklist assessments 
in endangered species recovery efforts. Conservation Ecology 7(2): 12. [online] 
URL: http://www.consecol.org/vol7/iss2/art12 

Gregory, S. V. and P. A Bisson.  1997.  Degradation and loss of anadromous salmonid 
habitat in the Pacific Northwest.  Pages 277-314 in:  D. J. Stouder, P. A. Bisson, 
and R. J. Naiman, editors.  Pacific salmon and their ecosystems, status and future 
options.  Chapman and Hall, New York, NY. 

Hairston, N. G.  1989.  Ecological experiments: purpose, design, and execution.  
Cambridge University Press, New York, NY. 

Hayes, D. and 14 others.  2003.  Developing a standardized sampling program: the 
Michigan experience.  Fisheries 28:18-25. 

Hawkins, C. P., and ten others.  1993.  Hierarchical approach to classifying stream habitat 
features.  Fisheries 18:3-12. 

Hawkins, C., J. Ostermiller, M. Vinson, and J. Stevenson.  2001.  Steam algae, 
invertebrate, and environmental sampling associated with biological water quality 
assessments: field protocols.  Utah State University, Logan, UT.   
Web link:  http://www.usu.edu/buglab/monitor/USUproto.pdf 

Hicks, L. L., J. Light, G. Watson, B. Sugden, T. W. Hillman, and D. Berg.  1999.  
Adaptive management: concepts and applications to Plum Creek’s Native Fish 
Habitat Conservation Plan.  Native Fish Habitat Conservation Plan Technical 
Report No. 13, Plum Creek Timber Company, Seattle, WA. 

Hillman, T. W. and A. E. Giorgi.  2002.  Monitoring protocols: effectiveness monitoring 
of physical/environmental indicators in tributary habitats.  BioAnalysts, Inc.  
Report to Bonneville Power Administration, Portland, Or.  Web link: 
http://www.efw.bpa.gov/cgi-bin/FW/welcome.cgi?ViewMode=External 

Hillman, T. W. 2004.  Monitoring Strategy for the Upper Columbia Basin. BioAnalysts, 
Inc. Eagle, Idaho. Prepared for: Upper Columbia Regional Technical Team; 
Upper Columbia Salmon Recovery Board Wenatchee, Washington. 

ICBTRT (Interior Columbia Basin Technical Recovery Team).  2003.  Independent 
populations of chinook, steelhead, and sockeye for listed evolutionarily 
significant units within the interior Columbia River domain.  Working draft.  
NOAA Fisheries Northwest Fisheries Science Center, Seattle, WA. 



 35

ISAB (Independent Scientific Advisory Board).  2003.  A review of strategies for 
recovering tributary habitat.  Independent Scientific Advisory Board for the 
Northwest Power Planning Council, ISAB 2003-2, Portland, OR.  Web link: 
http://www.nwppc.org/library/isab/Default.htm 

Johnson, D. H., and nine others.  2001.  Inventory and monitoring of salmon habitat in 
the Pacific Northwest—directory and synthesis of protocols for 
management/research and volunteers in Washington, Oregon, Montana, Idaho, 
and British Columbia.  Review draft.  Washington Department of Fish and 
Wildlife, Olympia, WA.  Web link: 
http://www.wa.gov/wdfw/hab/sshiap/dataptcl.htm 

Kershner, J. L., E. Cowley, R. Henderson, K. Kratz, D. Martin, C. Quimby, 
K. Stein, D. Turner, L. Ulmer, M. Vinson, and D. Young. 2001. Effectiveness 
monitoring of aquatic and riparian resources in the area of PACFISH/INFISH 
and the Biological Opinions for Bull trout, salmon, and steelhead.  Draft 
plan.  USDA Forest Service/USDI Bureau of Land Management.  Logan, UT. 
50p. 

Krebs, C. J.  1999.  Ecological methodology.  Second edition.  Benjamin/Cummings, 
Menlo Park, CA. 

Malone, K. Mobrand Biometrics, personal communication.   
Manly, B. F. J.  2001.  Statistics for environmental science and management.  Chapman 

and Hall, New York, NY. 
Naiman, R. J., D. G. Lonzarich, T. J. Beechie, and S. C. Ralph.  1992.  General principles 

of classification and the assessment of conservation potential in rivers.  Pages 93-
123 in:  P. J. Boon, P. Calow, and G. E. Petts, editors.  River conservation and 
management.  John Wiley and Sons, New York, NY. 

NPCC, 2001.  Northwest Power and Conservation Council.  Technical Guidance for 
Subbasin Planners, Council Document 2001-20.  

NMFS (National Marine Fisheries Service).  1996.  Making Endangered Species Act 
determinations of effect for individual or grouped actions at the watershed scale.  
The National Marine Fisheries Service Environmental and Technical Services 
Division, Habitat Conservation Branch, Seattle, WA. 

Pacific Coastal Salmon Recovery Fund, 2004.  Final Data Dictionary. 
Peck, D. V., J. M. Lazorchak, and D. J. Klemm.  2001.  Environmental monitoring and 

assessment program—surface waters: western pilot study field operations manual 
for wadeable streams.  Draft Report.  EPA/XXX/X-XX/XXX, U.S. 
Environmental Protection Agency, Washington, D.C.  Web link: 
http://www.epa.gov/emap/html/pubs/docs/groupdocs/surfwatr/field/ewwsm01.ht
ml  

[Although this draft document states that it should not be cited or quoted, some of the 
 material in the report is an important improvement to Lazorchak et al. (1998).  By not 
citing the document, it may give the appearance that this document improves some of the 
methods outlined in the Lazorchak et al. report.  To avoid this, PNAMP believes it is 
necessary to offer credit where credit is due.]   
PNAMP, 2004. Recommendations for Coordinating State, Federal, and Tribal Watershed 

and Salmon Monitoring Programs in the Pacific Northwest. 



 36

Reynolds, L., A. T. Herlihy, P. R. Kaufmann, S. V. Gregory, and R. M. Hughes.  2003.  
Electrofishing effort requirements for assessing species richness and biotic 
integrity in Western Oregon streams.  North American Journal of Fisheries 
Management 23:450-461. 

Rosgen, D.  1996.  Applied river morphology.  Wildland Hydrology, Pagosa Springs, 
CO. 

Simonson, T., J. Lyons, and P. Kanehl.  1994.  Quantifying fish habitat in streams: 
transect spacing, sample size, and a proposed framework.  North American 
Journal of Fisheries Management 14:607-615. 

Spence, B. C., G. A. Lomnicky, R. M. Hughes, and R. P. Novitzki.  1996.  An ecosystem 
approach to salmonid conservation.  TR-4501-96-6057, Management Technology, 
Corvallis, OR. 

WMOC. 2002. The Washington Comprehensive Monitoring  Strategy and Action Plan 
for watershed health and salmon recovery. Washington Monitoring Oversight 
Committee. Olympia, WA. Web link http://www.iac.wa.gov/srfb/docs.htm 

WSRFB (Washington Salmon Recovery Funding Board).  2003.  Draft 5/16/2003 
monitoring and evaluation strategy for habitat restoration and acquisition projects.  
Washington Salmon Recovery Funding Board, Olympia, WA.  Web link:  
http://www.iac.wa.gov/srfb/docs.htm 

 
Relevant References 
Attached is an excerpted list of relevant references from Hillman et al., 2004.   Since this 
contains many links to key documents and hosts a wealth of applicable citations, PNAMP 
has appended this to the guidance to help subbasin planners access this information.   
 
Anderson, R. O. and R. M. Neumann.  1996.  Length, weight, and associated structural 

indices.  Pages 447-482 in: B. R. Murphy and D. W. Willis, editors.  Fisheries 
techniques, 2nd edition. American Fisheries Society, Bethesda, MD. 

Armantrout, N. B., compiler.  1998.  Glossary of aquatic habitat inventory terminology.  
American Fisheries Society, Bethesda, MD. 

Bain, M. B. and N. J. Stevenson, editors.  1999.  Aquatic habitat assessment: common 
methods.  American Fisheries Society, Bethesda, MD. 

Bailey, R. G.  1978.  Description of eco-regions of the United States.  U.S. Forest 
Service, Intermountain Region, Ogden, UT. 

Bailey, R. G.  1998.  Eco-regions map of North America: explanatory note.  U.S. Forest 
Service, Miscellaneous Publication 1548, Washington, D.C. 

Bayley, P. B.  2002.  A review of studies on responses of salmon and trout to habitat 
change, with potential for application in the Pacific Northwest.  Report to the 
Washington State Independent Science Panel, Olympia, WA. 

Bevenger, G. S. and R. M. King.  1995.  A pebble count procedure for assessing 
watershed cumulative effects.  Research Paper RM-RP-319, USDA Forest 
Service, Rocky Mountain Forest and Range Experiment Station, Fort Collins, CO. 

Bilhimer, D., J. Carroll, S. O’Neal, and G. Pelletier.  2003.  Draft quality assurance 
project plan: Wenatchee River temperature, dissolved oxygen, pH, and fecal 
coliform total maximum daily load year 2 technical study.  Washington State 
Department of Ecology, Olympia, WA. 



 37

Bisson, P. A. and D. R. Montgomery.  1996.  Valley segments, stream reaches, and 
channel units.  Pages 23-52 in: R. R. Hauer and G. A. Lamberti, editors.  Methods 
in stream ecology.  Academic Press, New York, NY. 

Borgerson, L. A.  1992.  Scale analysis.  Oregon Department of Fish and Wildlife, Fish 
Research Project F-144-R-4, Annual Progress Report, Portland, OR. 

Box, G. E. P. and G. M. Jenkins.  1976.  Time-series analysis: forecasting and control.  
Holden-Day, San Francisco, CA. 

Browne, R. H.  2001.  Using the sample range as a basis for calculating sample size in 
power calculations.  The American Statistician 55:293-298. 

BURPTAC (Beneficial Use Reconnaissance Project Technical Advisory Committee).  
1999.  1999 beneficial use reconnaissance project workplan for wadable streams.  
Idaho Division of Environmental Quality, Boise, ID.  Web link: 
http://www.deq.state.id.us/water/surface_water/99_burp_workplan.pdf 

Cailliet, G. M., M. S. Love, and A. W. Ebeling.  1986.  Fishes, a field and laboratory 
manual on their structure, identification, and natural history.  Wadsworth 
Publishing Company, Belmont, CA. 

Clay, C. H.  1995.  Design of fishways and other fish facilities.  Second edition.  Lewis 
Publishers, Boca Raton, Florida. 

Cohen, J.  1988.  Statistical power analysis for the behavioral sciences.  Lawrence-
Erlbaum, Hillsdale, NJ. 

Cook, T. D. and D. T. Campbell.  1979.  Quasi-experimentation: design and analysis 
issues for field settings.  Houghton Mifflin Company, Boston, MA. 

Cupp, C. E.  1989a.  Identifying spatial variability of stream characteristics through 
classification.  Master’s thesis.  University of Washington, Seattle, WA.   

Cupp, C. E.  1989b.  Valley segment type classification for forested lands of Washington. 
Washington State Timber/Fish/Wildlife Agreement, TFW-AM-89-001, 
Department of Natural Resources, Olympia, WA. 

Currens, K. P., H. W. Li, J. D. McIntyre, D. R. Montgomery, and D. W. Reiser.  2000.  
Recommendations for monitoring salmonid recovery in Washington State.  
Independent Science Panel Report 2000-2, Olympia, WA. 

Currens, K. P., H. W. Li, J. D. McIntyre, D. R. Montgomery, and D. W. Reiser.  2002.  
Responses of salmon and trout to habitat changes.  Independent Science Panel 
Technical Memorandum 2002-2, Olympia, WA. 

Diaz-Ramos, S., D. L. Stevens, and A. R. Olsen.  1996.  EMAP statistical methods 
manual.  U.S. Environmental Protection Agency, EPA/620/R-96/XXX, Corvallis, 
OR. 

Dolloff, A., J. Kershner, and R. Thurow.  1996.  Underwater observation.  Pages 533-554 
in: B. R. Murphy and D. W. Willis, editors.  Fisheries techniques, 2nd edition.  
American Fisheries Society, Bethesda, MD. 

Frissell, C. A., W. J. Liss, C. E. Warren, and M. D. Hurley.  1986.  A hierarchical 
framework for stream habitat classification; viewing streams in a watershed 
context.  Environmental Management 10:199-214. 

Gordon, N. D., T. A. McMahon, and B. L. Finlayson.  1992.  Stream hydrology an 
introduction for ecologists.  John Wiley and Sons, New York, NY. 

Green, R. H.  1979.  Sampling design and statistical methods for environmental 
biologists.  John Wiley and Sons, Inc., New York, NY. 



 38

Green, R. H.  1994.  Aspects of power analysis in environmental monitoring.  Pages 173-
182 in: D. J. Fletcher and B. F. J. Manly, editors.  Statistics in ecology and 
environmental monitoring.  University of Otago Press, Dunedin.  

Hadley, R. F. and S. A. Schumm.  1961.  Sediment sources and drainage basin 
characteristics in upper Cheyenne River basin.  U.S. Geological Survey, Water-
Supply Paper 1531-B, Reston, Virginia. 

Harrelson, C. C., C. L. Rawlins, and J. P. Potyondy.  1994.  Stream channel reference 
sites: an illustrated guide to field technique.  USDA Forest Service, Rocky 
Mountain Forest and Range Experiment Station, General Technical Report RM-
245, Fort Collins, CO. 

Hillman, T. W., J. W. Mullan, and J. S. Griffith.  1992.  Accuracy of underwater counts 
of juvenile Chinook salmon, coho salmon, and steelhead.  North American 
Journal of Fisheries Management 12:598-603. 

Hillman, T. W. and D. W. Chapman.  1996.  Comparison of underwater methods and 
electrofishing for estimating fish populations in the Upper Blackfoot River Basin.  
BioAnalysts, Inc.  Report to the Seven-Up Pete Joint Venture, Lincoln, MT. 

Hillman, T. W. and M. D. Miller.  2002.  Abundance and total numbers of Chinook 
salmon and trout in the Chiwawa River Basin, Washington.  BioAnalysts, Inc.  
Report to Chelan County Public Utility District, Wenatchee, WA. 

Hughes, R. M., E. Rexstad, and C. E. Bond.  1987.  The relationship of aquatic eco-
regions, river basins and physiographic provinces to the ichthyogeographic 
regions of Oregon.  Copeia 2:423-432. 

Hunt, C. B.  1967.  Physiography of the United States.  W. H. Freeman, San Francisco, 
CA. 

Hurlbert, S. J.  1984.  Pseudoreplication and the design of ecological field experiments.  
Ecological Monographs 54:187-211. 

Idea Works, Inc.  1997.  Methodologists tool chest.  Version 1.2.  Distributed by Scolari, 
Sage Publications Software, Beverly Hills, CA. 

Kaufmann, P. R., P. Levine, E. G. Robinson, C. Seeliger, and D. V. Peck.  1999.  
Quantifying physical habitat in wadeable streams.  EPA/620/R-99/003, U.S. 
Environmental Protection Agency, Washington, D.C.  Web link:   
http://www.epa.gov/emap/html/pubs/docs/groupdocs/surfwatr/field/phyhab.html 

Lazorchak, J. M., D. J. Klemm, and D. V. Peck (editors).  1998.  Environmental 
monitoring and assessment program—surface waters: field operations and 
methods for measuring the ecological condition of wadeable streams.  
EPA/620/R-94/004F, U.S. Environmental Protection Agency, Washington, D.C.  
Web link:   
http://www.epa.gov/emap/html/pubs/docs/groupdocs/surfwatr/field/ws_abs.html 

Lee, K. N.  1993.  Compass and gyroscope: integrating science and politics for the 
environment.  Island Press, Washington, D.C. 

Lipsey, M. W.  1990.  Design sensitivity: statistical power for experimental research.  
Sage Publications, Beverly Hills, CA. 

MacDonald, L. H., A. W. Smart, and R. C. Wissmar.  1991.  Monitoring guidelines to 
evaluate effects of forestry activities on streams in the Pacific Northwest and 
Alaska.  U.S. Environmental Protection Agency, EPA/910/9-91-001, Seattle, WA. 



 39

Manly, B. F. J.  1992.  The design and analysis of research studies.  Cambridge 
University Press, New York, NY. 

Mapstone, B. D.  1995.  Scalable decision rules for environmental impact studies: effect 
size, Type I, and Type II errors.  Ecological Applications 5:401-410. 

Meehan, W. R., editor.  1991.  Influences of forest and range management on salmonid 
fishes and their habitats.  American Fisheries Society Special Publication 19, 
Bethesda, MD. 

Meekin, T. K.  1967.  Report on the 1966 Wells Dam chinook tagging study.  
Washington Department of Fisheries report to Douglas County Public Utility 
District, Contract Number 001-01-022-4201. 

Montgomery, D. R. and J. M. Buffington.  1993.  Channel classification, prediction of 
channel response, and assessment of channel condition.  Washington State 
Timber/Fish/Wildlife Agreement, TFW-SH10-93-002, Department of Natural 
Resources, Olympia, WA.  Web site: 
http://www.nwifc.wa.gov/cmerdoc/TFW_SH10_93_002.pdf 

Montgomery, D. R. and J. M. Buffington.  1997.  Channel-reach morphology in mountain 
drainage basins.  Geological Society of American Bulletin 109:596-611. 

Moore, K., K. Jones, and J. Dambacher.  1994.  Methods for stream habitat surveys; 
aquatic inventory project.  Oregon Department of Fish and Wildlife, Aquatic 
Inventories Project, Natural Production Program, Corvallis, OR.  Web link: 
http://oregonstate.edu/Dept/ODFW/freshwater/inventory/methods.html 

Moore, K.M., K. F. Bierly and C. D. Pearson.  2002.  Monitoring Strategy for the Oregon 
Plan for Salmon and Watersheds.  Oregon Watershed Enhancement Board.  
Salem, Oregon. 

Mosey, T. R. and L. J. Murphy.  2002.  Spring and summer Chinook spawning ground 
surveys on the Wenatchee River Basin, 2001.  Chelan County Public Utility 
District, Wenatchee, WA. 

Mullan, J. W., K. R. Williams, G. Rhodus, T. W. Hillman, and J. D. McIntyre.  1992.  
Production and habitat of salmonids in Mid-Columbia River tributary streams.  
U.S. Fish and Wildlife Service Monograph I, Leavenworth, WA. 

Murdoch, A., K. Petersen, T. Miller, M. Tonseth, and T. Randolph.  2000.  Freshwater 
production and emigration of juvenile spring chinook salmon from the Chiwawa 
River in 1998.  Report No. SS99-05, Washington Department of Fish and 
Wildlife, Olympia, WA. 

Nawa, R. K., C. A. Frissell, and W. J. Liss.  1988.  Life history and persistence of 
anadromous fish stocks in relation to stream habitats and watershed classification.  
Annual progress report to Oregon Department of Fish and Wildlife, Portland, OR. 

NCSS (Number Cruncher Statistical Systems).  2000.  Pass 2000 power analysis and 
sample size for Windows.  NCSS, Kaysville, UT. 

NRC (National Research Council).  1992.  Restoration of aquatic ecosystems: science, 
technology, and public policy.  National Academy Press, Washington, D.C.   

Omernik, J. M.  1987.  Aquatic ecoregions of the conterminous United States.  Annals of 
the Association of American Geographers 77:118-125. 

OPSW (Oregon Plan for Salmon and Watersheds).  1999.  Water quality monitoring, 
technical guidebook.  Version 2.0.  Corvallis, OR.  Web link: 
http://www.oweb.state.or.us/publications/index.shtml 



 40

Overton, C. K., S. P. Wollrab, B. C. Roberts, and M. A. Radko.  1997.  R1/R4 
(Northern/Intermountain Regions) fish and fish habitat standard inventory 
procedures handbook.  USDA Forest Service General Technical Report INT-
GTR-346, Ogden, UT. 

Overton, W. S., D. White, and D. L. Stevens.  1990.  Design report for EMAP 
environmental monitoring and assessment program.  U.S. Environmental 
Protection Agency, EPA/600/3-91/053, Corvallis, OR. 

Parker, M. A.  2000.  Fish passage – culvert inspection procedures.  Watershed 
Restoration Technical Circular No. 11.  Ministry of Environment, Lands and 
Parks and Ministry of Forest, British Columbia. 

Parker, R. A. and N. G. Berman.  2003.  Sample size: more than calculations.  The 
American Statistician 57:166-170. 

Parmenter, A. W., A. Hansen, R. E. Kennedy, W. Cohen, U. Langener, R. Lawrence, B. 
Maxwell, A. Gallant, and R. Aspinall.  2003.  Land use and land cover in the 
greater Yellowstone ecosystem: 1975-1995.  Ecological Applications 13:687-703. 

Paulsen, C., S. Katz , T. Hillman, A. Giorgi, C. Jordan, M. Newsom, and J. Geiselman, 
2002  Guidelines for Action Effectiveness Research Proposals for FCRPS Offsite 
Mitigation Habitat Measures.  Bonneville Power Administration, U.S. Bureau of 
Reclamation, U.S. Army Corps of Engineers, and NOAA Fisheries, Portland, OR.  
Web link: 
http://www.efw.bpa.gov/cgiin/FW/welcome.cgi?ViewMode=ExternalView.   

Peterman, R. M.  1990.  Statistical power analysis can improve fisheries research and 
management.  Canadian Journal of Fisheries and Aquatic Sciences 47:2-15. 

Platts, W. S., W. F. Megahan, and G. W. Minshall. 1983.  Methods for evaluating stream, 
riparian, and biotic conditions.  USDA Forest Service General Technical Report 
INT-138, Ogden, UT. 

Platts, W. S. and twelve others.  1987.  Methods for evaluating riparian habitats with 
applications to management.  USDA Forest Service General Technical Report 
INT-221, Ogden, UT. 

Reeves, G. H., and nine others.  2001.  Aquatic and riparian effectiveness monitoring 
plan for the Northwest Forest Plan.  USDA Forest Service, Pacific Northwest 
Research Station, Corvallis, OR. 

Reynolds, J. B.  1996.  Electrofishing.  Pages 221-253 in: B. R. Murphy and D. W. 
Willis, editors.  Fisheries techniques, 2nd edition.  American Fisheries Society, 
Bethesda, MD. 

Roni, P., L. Weitkamp, and J. Scordino.  1999.  Identification of essential fish habitat for 
salmon in the Pacific Northwest: initial efforts, information needs, and future 
direction.  American Fisheries Society Symposium 22:93-107. 

Roper, B. B., J. L. Kershner, and R. C. Henderson.  2003.  The value of using permanent 
sites when evaluating stream attributes at the reach scale.  Journal of Freshwater 
Ecology 18:585-592. 

Royce, W. F.  1996.  Introduction to the practice of fishery science.  Revised edition.  
Academic Press, New York, NY. 

Scheaffer, R. L., W. Mendenhall, and L. Ott.  1990.  Elementary survey sampling.  
Fourth edition.  PWS-KENT Publishing Company, Boston, MA. 



 41

Schuett-Hames, D., J. Ward, M. Fox, A. Pleus, and J. Light.  1994.  Large woody debris 
survey module.  Section 5 in: D. Schuett-Hames, A. Pleus, L. Bullchild, and S. 
Hall, editors.  Ambient monitoring program manual.  Timber-Fish-Wildlife TFW-
AM9-94-001, Northwest Indian Fisheries Commission, Olympia, WA.  Web link: 
http://www.nwifc.wa.gov/TFW/documents.asp 

Schuett-Hames, D., A. E. Pleus, E. Rashin, and J. Matthews.  1999a.  Method manual for 
the stream temperature survey. Timber-Fish-Wildlife TFW-AM9-99-005, 
Northwest Indian Fisheries Commission, Olympia, WA.  Web link:  
http://www.nwifc.wa.gov/TFW/documents.asp 

Schuett-Hames, D., R. Conrad, A. Pleus, and M. McHenry.  1999b.  Method manual for 
the salmonid spawning gravel composition survey.  Timber-Fish-Wildlife TFW-
AM9-99-006, Northwest Indian Fisheries Commission, Olympia, WA.  Web link: 
http://www.nwifc.wa.gov/TFW/documents.asp 

Skalski, J. R. and D. S. Robson.  1992.  Techniques for wildlife investigations, design 
and analysis of capture data.  Academic Press, New York, NY. 

Smith, E. P., D. R. Orvos, and J. Cairns.  1993.  Impact assessment using the before-after-
control-impact (BACI) model: concerns and comments.  Canadian Journal of 
Fisheries and Aquatic Sciences 50:627-637. 

Smith, R. L. and T. M. Smith.  2001.  Ecology and field biology.  Sixth edition.  
Benjamin Cummings, New York, N.Y. 

Stevens, D. L.  1997.  Variable density grid-based sampling designs for continuous 
spatial populations.  Environmetrics 8:167-195. 

Stevens, D. L.  2002.  Sampling design and statistical analysis methods for the integrated 
biological and physical monitoring of Oregon streams.  Report No. OPSW-
ODFW-2002-07, The Oregon Plan for Salmon and Watersheds, Oregon 
Department of Fish and Wildlife, Corvallis, OR. 

Stevens, D. L. and A. R. Olsen.  1999.  Spatially restricted surveys over time for aquatic 
resources.  Journal of Agricultural, Biological, and Environmental Statistics 
4:415-428. 

Stevens, D. L. and N. S. Urquhart.  2000.  Response designs and support regions in 
sampling continuous domains.  Environmetrics 11:13-41.   

Stewart-Oaten, A., W. W. Murdoch, and K. R. Parker.  1986.  Environmental impact 
assessment: “pseudoreplication” in time?  Ecology 67:929-940. 

Stewart-Oaten, A., J. R. Bence, and C. W. Osenberg.  1992.  Assessing effects of 
unreplicated perturbations: no simple solutions.  Ecology 73:1396-1404. 

Strahler, A. N.  1952.  Hypsometric (area-altitude) analysis of erosional topography.  
Bulletin of the Geological Society of America 63:1117-1142. 

Strange, R. J.  1996.  Field examination of fishes.  Pages 433-446 in: B. R. Murphy and 
D. W. Willis, editors.  Fisheries techniques, 2nd edition.  American Fisheries 
Society, Bethesda, MD. 

Underwood, A. J.  1994.  Things environmental scientists (and statisticians) need to know 
to receive (and give) better statistical advice.  Pages 33-61 in: D. J. Fletcher and 
B. F. J. Manly, editors.  Statistics in ecology and environmental monitoring.  
University of Otago Press, Dunedin. 



 42

USFWS (U.S. Fish and Wildlife Service).  2000.  Biological Opinion, effects to listed 
species from operations of the Federal Columbia River Power System.  U.S. Fish 
and Wildlife Service, Regions 1 and 6, Portland, OR. 

Van Deventer, J. S. and W. S. Platts.  1989.  Microcomputer software system for 
generating population statistics from electrofishing data—user’s guide for 
MicroFish 3.0.  USDA Forest Service General Technical Report INT-254, Ogden, 
UT. 

WDFW (Washington Department of Fish and Wildlife).  2000.  Fish passage barrier and 
surface water diversion screening assessment and prioritization manual.  
Washington Department of Fish and Wildlife Habitat Program, Environmental 
Restoration Division, Olympia, WA. 
Web link:  http://www.wa.gov/wdfw/hab/engineer/fishbarr.htm 

Wertz, W. A. and J. F. Arnold.  1972.  Land systems inventory.  U.S. Forest Service, 
Intermountain Region, Ogden, UT. 

WFC (World Forestry Center).  1998.  Pilot study report, Umpqua land exchange project.  
World Forestry Center, Portland, OR.  Web link:  
http://www.or.blm.gov/umpqua/documents.htm 

WFPB (Washington Forest Practices Board).  1995.  Washington forest practices board 
manual: standard methodology for conducting watershed analysis under Chapter 
222-22 WAC.  Version 3.0.  Washington Forest Practices Board, Olympia, WA.  
Web link:  http://www.dnr.wa.gov/forestpractices/watershedanalysis/ 

Whittier, T. R., R. M. Hughes, and D. P. Larsen.  1988.  Correspondence between 
ecoregions and spatial patterns in stream ecosystems in Oregon.  Canadian 
Journal of Fisheries and Aquatic Sciences 45:1264-1278. 

Wipfli, M. S. and D. P. Gregovich.  2002.  Export of invertebrates and detritus from 
fishless headwater streams in southeastern Alaska: implications for downstream 
salmonid production.  Freshwater Biology 47:957-969. 

Zaroban, D. W.  2000.  Protocol for placement and retrieval of temperature data loggers 
in Idaho streams.  Idaho Division of Environmental Quality, Boise, ID.  Web link:  
http://www.deq.state.id.us/water/tlp.htm 

 
__________________________ 
 
w:\sw\pnampsubbasinfin.doc 


