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Appendix 2A Pacific Northwest Coast Ecoregion Crosswalk Plant Association Group X Ecological System 

PAG # COUNT PAG "Name" (unofficial) NatureServe Ecological System

0 1853108 Area not mapped

17 261 No Name Available North Pacific Oak Woodland

25 27530 No Name Available North Pacific Montane Riparian Woodland and Shrubland

27 489689 No Name Available North Pacific Maritme Wet-Mesic Douglas-Fir Western Hemlock Forest 

28 68227 No Name Available North Pacific Dry Douglas-fir Forest and Woodland

771 24 Rock Outcrop Shrub / Forb / Grassy Inter-Mountain Basins Montane Sagebrush Steppe

791 72 Black Hawthorn? Inter-Mountain Basins Montane Sagebrush Steppe

801 42 Lodgepole Pine North Pacific Dry Douglas-fir Forest and Woodland

901 538712 Sitka Spruce / Salal North Pacific Hypermaritime Sitka Spruce Forest

902 6375170 Sitka Spruce / Sword Fern North Pacific Hypermaritime Sitka Spruce Forest

903 2074477 Sitka Spruce / Salmonberry North Pacific Hypermaritime Sitka Spruce Forest

1001 60 Ponderosa Pine / Buckbrush Rocky Mountain Ponderosa Pine Woodland

1002 126 Ponderosa Pine - Doug Fir Rocky Mountain Ponderosa Pine Woodland

1101 42313 Ponderosa Pine / Western Wheatgrass Rocky Mountain Ponderosa Pine Woodland

1102 168 Oregon White Oak / Shrubby North Pacific Oak Woodland

1103 154 Oregon White Oak / Bristly Dogstail North Pacific Oak Woodland

1201 957 Jeffery Pine (White Oak) / Idaho Fescue Klamath-Siskyou Lower Montane Serpentine Mixed Conifer Woodland

1203 921 Jeffery Pine-Incense Cedar Klamath-Siskyou Lower Montane Serpentine Mixed Conifer Woodland

1271 115 Buckbrush Shrublands Inter-Mountain Basins Montane Sagebrush Steppe

1301 382 Port Orford Cedar / Oregon Grape North Pacific Maritime Wet-Mesic Douglas-Fir Western Hemlock Forest

1302 511 Port Orford Cedar / Rhododendron - Salal North Pacific Maritime Wet-Mesic Douglas-Fir Western Hemlock Forest

1303 449 Port Orford Cedar / Sword Fern North Pacific Maritime Wet-Mesic Douglas-Fir Western Hemlock Forest

1305 400 Port Orford Cedar / Oval-leaf huckleberry North Pacific Maritime Wet-Mesic Douglas-Fir Western Hemlock Forest

1321 465 Port Orford Cedar / Pink Honeysuckle North Pacific Maritime Wet-Mesic Douglas-Fir Western Hemlock Forest

1401 30 Doug-fir / Buckbrush / Western Wheatgrass Rocky Mountain Montane Dry-Mesic Mixed Conifer Forest and Woodland

1402 2737 Doug-Fir / Kinnikinnick North Pacific Maritime Dry-Mesic Douglas-Fir Western Hemlock Forest

1403 56 Doug-Fir / Pinegrass Rocky Mountain Montane Dry-Mesic Mixed Conifer Forest and Woodland

1404 296 Doug-Fir / Ninebark - Symphoricarpos Rocky Mountain Montane Dry-Mesic Mixed Conifer Forest and Woodland

1405 31 Doug-Fir / Huckleberry Rocky Mountain Montane Dry-Mesic Mixed Conifer Forest and Woodland

1406 229642 Doug-Fir / Ocean Spray / Oregon Grape North Pacific Maritime Dry-Mesic Douglas-Fir Western Hemlock Forest

1407 1438026 Doug-Fir / Dry Scrub Rocky Mountain Montane Dry-Mesic Mixed Conifer Forest and Woodland

1408 343495 Doug-Fir - Canyon Live Oak Rocky Mountain Montane Dry-Mesic Mixed Conifer Forest and Woodland

1409 77571 Doug-Fir - Golden Chinquapin Rocky Mountain Montane Dry-Mesic Mixed Conifer Forest and Woodland

1411 40 Doug-Fir / Incense Cedar-Jeffery Pine Rocky Mountain Montane Dry-Mesic Mixed Conifer Forest and Woodland

1423 7513 No Name Available Rocky Mountain Montane Dry-Mesic Mixed Conifer Forest and Woodland

1424 7552 No Name Available Rocky Mountain Montane Dry-Mesic Mixed Conifer Forest and Woodland

1425 8361 No Name Available Rocky Mountain Montane Dry-Mesic Mixed Conifer Forest and Woodland

1426 9888 No Name Available North Pacific Maritime Dry-Mesic Douglas-Fir Western Hemlock Forest

1427 9848 No Name Available Rocky Mountain Montane Dry-Mesic Mixed Conifer Forest and Woodland

1428 8383 No Name Available Rocky Mountain Montane Dry-Mesic Mixed Conifer Forest and Woodland

1429 8163 No Name Available North Pacific Maritime Dry-Mesic Douglas-Fir Western Hemlock Forest

1430 7135 Psme-Cade SO OR Rocky Mountain Montane Dry-Mesic Mixed Conifer Forest and Woodland

1471 4240 Dry grasslands Inter-Mountain Basins Montane Sagebrush Steppe

1481 44 Montane Talus shrub North Pacific Broadleaf Mesic Seral Forest

1491 107 Riparian Shrublands North Pacific Montane Riparian Woodland and Shrubland

1501 361872 Tan Oak-Doug Fir-Golden Chinqapin Northern California Mixed Evergreen Forest

1502 120745 Tan Oak - Doug-Fir/ Oregon grape Northern California Mixed Evergreen Forest

1503 31562 Tan Oak / Oregon grape Northern California Mixed Evergreen Forest

1504 1448479 Tanoak / Huckleberry Northern California Mixed Evergreen Forest

1521 806 Tanoak -Chinqapin Northern California Mixed Evergreen Forest

1601 3010 Grand Fir / Ocean-spray Northern Rocky Mountain Montane Mixed Conifer Forest

1602 1777 Grand Fir / Oregon Grape Northern Rocky Mountain Montane Mixed Conifer Forest

1603 1938 Grand Fir / Vine maple Northern Rocky Mountain Montane Mixed Conifer Forest

1604 1377 Grand Fir / Pinegrass Northern Rocky Mountain Montane Mixed Conifer Forest

1605 1604 Grand Fir / Huckleberry Northern Rocky Mountain Montane Mixed Conifer Forest

1607 35312 Grand Fir / Salal Northern Rocky Mountain Montane Mixed Conifer Forest
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PAG # COUNT PAG "Name" (unofficial) NatureServe Ecological System

1608 117678 Grand Fir - CA Laurel Northern Rocky Mountain Montane Mixed Conifer Forest

1609 197285 Grand Fir / Ocean-Spray - Poison Oak / Sala Northern Rocky Mountain Montane Mixed Conifer Forest

1612 34434 Grand Fir - Golden Chinqapin / Pacific PeavinNorthern Rocky Mountain Montane Mixed Conifer Forest

1613 111985 No Name Available Northern Rocky Mountain Montane Mixed Conifer Forest

1621 1406 No Name Available Northern Rocky Mountain Montane Mixed Conifer Forest

1622 1101 No Name Available Northern Rocky Mountain Montane Mixed Conifer Forest

1623 1369 No Name Available Northern Rocky Mountain Montane Mixed Conifer Forest

1627 28 No Name Available Northern Rocky Mountain Montane Mixed Conifer Forest

1671 84 Sagebrush / Fescue Inter-Mountain Basins Montane Sagebrush Steppe

1691 5750 Riparain / Wetlands North Pacific Montane Riparian Woodland and Shrubland

1701 1362 Whitebark Pine-Jeffery Pine Klamath-Siskyou Lower Montane Serpentine Mixed Conifer Woodland

1901 201043 Western Hemlock / Queens Cup North Pacific Western Hemlock - Western Red Cedar Forest

1902 728945 Western Hemlock / Rhododendron-dry North Pacific Maritime Dry-Mesic Douglas-Fir Western Hemlock Forest

1903 5181885 Western Hemlock / Salal - Oregongrape North Pacific Maritime Dry-Mesic Douglas-Fir Western Hemlock Forest

1904 491313 Western Hemlock /Alaska blueberry North Pacific Maritime Wet-Mesic Douglas-Fir Western Hemlock Forest

1905 339246 Western Hemlock / Vanillaleaf North Pacific Maritime Dry-Mesic Douglas-Fir Western Hemlock Forest

1906 12204674 Western Hemlock / Oregon Grape North Pacific Maritime Dry-Mesic Douglas-Fir Western Hemlock Forest

1907 10116696 Western Hemlock / Sword Fern - Oxalis North Pacific Maritime Wet-Mesic Douglas-Fir Western Hemlock Forest

1908 2670981 Western Hemlock / Salmonberry North Pacific Maritime Wet-Mesic Douglas-Fir Western Hemlock Forest

1909 3940889 Western Hemlock / Blueberry - Sorrel North Pacific Hypermaritime Sitka Spruce Forest

1910 34193 Western Hemlock / Devils Club North Pacific Maritime Wet-Mesic Douglas-Fir Western Hemlock Forest

1911 339 Western Hemlock / Skunk Cabbage North Pacific Maritime Wet-Mesic Douglas-Fir Western Hemlock Forest

1912 13 Western Hemlock / Fools Huckleberry North Pacific Western Hemlock - Western Red Cedar Forest

1914 130736 No Name Available North Pacific Maritime Wet-Mesic Douglas-Fir Western Hemlock Forest

1915 237064 Western Hemlock / Rhododendron - moist, soNorth Pacific Maritime Wet-Mesic Douglas-Fir Western Hemlock Forest

1922 1008 Western Hemlock / Rhododendron - Drier, noNorth Pacific Maritime Dry-Mesic Douglas-Fir Western Hemlock Forest

1923 1907 Western Hemlock - (Incense Cedar, Doug FirNorth Pacific Maritime Dry-Mesic Douglas-Fir Western Hemlock Forest

1924 9165 Western Hemlock / Rhododendron -dry North Pacific Maritime Dry-Mesic Douglas-Fir Western Hemlock Forest

1925 16483 Western Hemlock - Port Orford Cedar / SorrelNorth Pacific Maritime Wet-Mesic Douglas-Fir Western Hemlock Forest

1926 5937 Western Hemlock-Port Orford Cedar / Rhodo North Pacific Maritime Wet-Mesic Douglas-Fir Western Hemlock Forest

1927 36077 Western Hemlock-Tan Oak/ Rhododendron North Pacific Maritime Dry-Mesic Douglas-Fir Western Hemlock Forest

1928 3269082 Western Hemlock / Salmonberry North Pacific Maritime Wet-Mesic Douglas-Fir Western Hemlock Forest

1971 58241 No Name Available Inter-Mountain Basins Montane Sagebrush Steppe

1991 4976 Riparian/Wetland Shrub and Herb North Pacific Montane Riparian Woodland and Shrubland

2001 2632 White Fir - Tan Oak Mediterranean California Mesic Mixed Conifer Forest and Woodland

2002 481 White Fir / Rhododendron Mediterranean California Mesic Mixed Conifer Forest and Woodland

2003 7842 White Fir - Grand Fir / Oregon Grape Mediterranean California Mesic Mixed Conifer Forest and Woodland

2004 31539 White Fir - Doug Fir / Rosa Symphoricarpos Mediterranean California Mesic Mixed Conifer Forest and Woodland

2006 2448 Grand Fir / Salal- Oregon Grape Northern Rocky Mountain Montane Mixed Conifer Forest

2008 689 White Fir / Sorrel Mediterranean California Mesic Mixed Conifer Forest and Woodland

2098 93 White Fir -Shasta Fir / Sweet-After-Death Mediterranean California Red Fir Forest and Woodland

2099 2 White Fir - Brewer Pine Mediterranean California Mesic Mixed Conifer Forest and Woodland

2101 96 Shasta  Fir / Prince's pine Mediterranean California Red Fir Forest and Woodland

2102 244 Shasta Fir / Pyrola Mediterranean California Red Fir Forest and Woodland

2103 286 Shasta Fir - White Fir Mediterranean California Red Fir Forest and Woodland

2104 313 Shasta Fir - White Fir Mediterranean California Red Fir Forest and Woodland

2201 77718 Silver Fir / Rhododendron - Oregon Grape North Pacific Western Hemlock-Silver Fir Forest

2202 46679 Silver Fir / Oregon Grape North Pacific Western Hemlock-Silver Fir Forest

2203 520814 Silver Fir / Alaska huckleberry North Pacific Western Hemlock-Silver Fir Forest

2204 249072 Silver Fir / Big Huckleberry - Beargrass North Pacific Western Hemlock-Silver Fir Forest

2205 24619 Silver Fir / White Rhododendron - Alaska HucNorth Pacific Western Hemlock-Silver Fir Forest

2206 23008 Silver Fir / three-leaved coolwort North Pacific Western Hemlock-Silver Fir Forest

2207 474179 Silver Fir / Alaska Huckleberry North Pacific Western Hemlock-Silver Fir Forest

2208 951823 Silver Fir / Sorrel North Pacific Western Hemlock-Silver Fir Forest

2209 8124 Silver Fir/ Devils Club North Pacific Western Hemlock-Silver Fir Forest

2271 79579 No Name Available North Pacific Dry and Mesic Alpine Dwarf-Shrubland and Meadow

2291 107 Sitka Alder North Pacific Montane Riparian Woodland and Shrubland
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PAG # COUNT PAG "Name" (unofficial) NatureServe Ecological System

2302 6 Mountain Hemlock /  Huckleberry/ Beargrass?North Pacific Mountain Hemlock Forest

2303 20701 Mountain Hemlock / Fools Huckleberry? North Pacific Mountain Hemlock Forest

2304 384423 Mountain Hemlock / White Rhododendron - BNorth Pacific Mountain Hemlock Forest

2305 563956 Mountain Hemlock / Alaska Huckleberry North Pacific Mountain Hemlock Forest

2306 4807 Mountain Hemlock / Devil's Club North Pacific Mountain Hemlock Forest

2371 72379 No Name Available North Pacific Dry and Mesic Alpine Dwarf-Shrubland and Meadow

2391 541 Riparian / Wetland Shrub and Herb North Pacific Montane Riparian Woodland and Shrubland

2504 81428 Subalpine Fir / White Rhododenron - BeargraRocky Mountain Subalpine Dry-Mesic Spruce-Fir Forest and Woodland

2571 15694 Festuca Grasslands, Sagebrush-grasslands Inter-Mountain Basins Montane Sagebrush Steppe

2901 49 Larix lyalii Parkland Northern Rocky Mountain Subalpine Larch Woodland

3201 421617 Mountain Hemlock Parkland wet-mesic-dry North Pacific Mountain Hemlock Forest

3301 30762 Alpine North Pacific Dry and Mesic Alpine Dwarf-Shrubland and Meadow
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Appendix 2D PNW Coast Ecoregion Rare Plant Targets

Scientific name Common name

Global

Rank

Federal

Status Justification

Species

Distribution

Target

Goal

Arenaria paludicola Swamp sandwort G1 LE G1 E 25

Castilleja chambersii Chamber's paintbrush G1 SOC G1 E 25

Erythronium elegans Coast range fawn-lily G1 SOC G1 E 25

Lilium occidentale Western lily G1 LE G1 E 25

Limbella fryei Moss G1 SOC G1 E 25

Oenothera wolfii Wolf's evening-primrose G1 SOC G1 E 25

Saxifraga hitchcockiana Saddle Mtn. Saxifrage G1 SOC G1 E 25

Whidbeyella cartilaginea Marine algae G1 G1 E 25

Desmarestia tortuosa Marine algae G1? G1 E 25

Empselium rubrum Marine algae G1? G1 E 25

Saxifraga tischii Tisch's saxifrage G1? G1 E 25

Bryoria pseudocapillaris Lichen G1G2 G1 E 25

Delphinium oreganum

Willamette Valley 

larkspur G1Q SOC G1 L 13

Bensoniella oregana Bensonia G2 SOC G2 L 13

Cardamine pattersonii Saddle Mtn. Bittercress G2 SOC G2 E 25

Cimicifuga elata Tall bugbane G2 SOC G2 W 7

Dodecatheon austrofrigidum Frigid shootingstar G2 SOC G2 E 25

Erigeron salishii Salish daisy G2 G2 E 25

Filipendula occidentalis Queen-of-the-forest G2 SOC G2 E 25

Gilia millefoliata Seaside gilia G2 SOC G2 L 13

Myriogramme pulchra Marine algae G2 G2 L 13

Phacelia argentea Silvery phacelia G2 SOC G2 L 13

Sidalcea hirtipes

Hairy-stemmed

checkermallow G2 SOC G2 E 25

Sidalcea nelsoniana Nelson's checker-mallow G2 LT G2 P 3

Thuretellopsis peggiana Marine algae G2 G2 E 25

Heterodermia sitchensis Seaside centipede G2G3 restricted to PNC E 25

Senecio neowebsteri Olympic Mtn. Groundsel G2G3

Olympic Mt. 

Endemic. E 25

Arctostaphylos hispidula Hairy manzanita G3 SOC

at the north end of 

its range L 13

Aster paucicapitatus Olympic Mtn. Aster G3

Olympic and 

Vancouver Island 

endemic E 25

Campanula piperi Piper's bellflower G3

Olympic Mt. 

Endemic E 25

Chiharaea bodegensis Marine algae G3 BC sectional target. L 13

Discelium nudum Moss G3

Widespread but rare; 

disjunct from E 

coast. D 13

Encalypta brevipes Moss G3 rare L 13

Erigeron flettii Flett's fleabane G3

Olympic Mt. 

Endemic. E 25
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Scientific name Common name

Global

Rank

Federal

Status Justification

Species

Distribution

Target

Goal

Erioderma sorediatum Lichen  treepelt G3

rare, restricted to 

NWC and CFM; 

disjunct in NWC D 13

Hollenbergia nigricans Marine algae G3

S BC to Mendocino 

Co. L 13

Hypogymnia heterophylla Seaside bone G3

restricted to PNWC.

BC sectional target. L 13

Minium parvum Marine algae G3 W 7

Petrophytum hendersonii Olympic rock mat G3

Olympic Mt. 

Endemic. E 25

Poa unilateralis San Francisco bluegrass G3 SOC rare grass W 7

Tayloriella divaricata Marine algae G3 disjunct in NWC, W 7

Viola flettii Flett's violet G3

Olympic Mt. 

Endemic. E 25

Erysimum menziesii ssp 

concinnum Pacific wallflower G3?T3? SOC

Close to the edge, 

maybe peripheral, W 7

Cryptantha leiocarpa Seaside cryptantha G3G4 W 7

Sidalcea hendersonii Henderson sidalcea G3G4 SOC

Saltmarsh species - 

endemic? L 13

Leioderma sorediatum Lichen  treepelt G3G4? restricted to PNC E 25

Plagiochila semidecurrens var 

alaskana Liverwort G3G5T3

Coast Ranges 

sectional target E 25

Douglasia laevigata var 

ciliolata Smooth douglasia G3T3

 possible disjunct in 

NWC L 13

Carex pluriflora Several-flowered sedge G4 OR sectional target W 7

Cephaloziella spinigera Liverwort G4 W? 7

Dictyoneuropsis reticulata Marine algae G4

limited to PNC, but 

G4 L 13

Draba longipes Long-stalked draba G4

Appears to be 

disjunct D 13

Lasthenia maritima Hairy goldfields G4 offshore rocks L 13

Limonium californicum Western marsh-rosemary G4 N edge of range W 7

Metzgeria temperata Liverwort G4 W? 7

Microseris bigelovii Coast microseris G4 L 13

Pannaria rubiginosa Lichen G4 W? 7

Plantago macrocarpa Alaska plantain G4

Endemic to coast.

Sectional target for 

OR/WA only L 13

Pohlia sphagnicola Moss G4 W? 7

Radula brunnea Liverwort G4 W? 7

Senecio flettii Flett groundsel G4

Endemic in Coast 

Range E 25

Thelypteris nevadensis Sierra wood fern G4

known from Sooke 

River, VI. Sectional 

target. W 7

Cordylanthus maritimus ssp 

palustris Salt-marsh bird's-beak G4?T2 SOC E 25

Artemisia pycnocephala Coastal sagewort G4G5 L 13
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Scientific name Common name

Global

Rank

Federal

Status Justification

Species

Distribution

Target

Goal

Sphaerotrichia divaricata G4G5 W? 7

Erysimum arenicola var 

torulosum Sand-dwelling wallflower G4G5T?

Known only from 

alpine, Vancouver 

Island; E 25

Lasthenia macrantha ssp 

prisca Large-flowered goldfields G4G5T2 SOC E 25

Triteleia hendersonii var 

leachiae Leach's brodiaea G4G5T2 L 13

Arabis furcata var olympica

Olympic Nuttall's 

rockcress G4T? Endemic, T2 E 25

Artemisia furcata var 

heterophylla Three-forked mugwort G4T?  disjunct in NWC P 3

Silene douglasii var oraria Cascade Head catchfly G4T1 SOC E 25

Anemone oregana var felix Bog anemone G4T2 SOC endemic E 25

Synthyris pinnatifida var 

lanuginosa Cut-leaf synthyris G4T2 T2, endemic E 25

Draba lonchocarpa var vestita Lance-fruited draba G4T3

 possible disjunct in 

NWC. Sectional 

target. D 13

Astragalus microcystis Least bladdery milk-vetch G5

Disjunct from 

northeastern

Washington D 13

Campylopus schmidii Moss G5 W? 7

Cochlearia officinalis Scurvygrass G5

Appears to be 

disjunct.  Sectional 

target only in OR. L 13

Corydalis aurea Golden corydalis G5

Disjunct from 

eastern Washington D 13

Hydrocotyle verticillata

Whorled marsh 

pennywort G5 W 7

Orthocarpus imbricatus Mountain owl-clover G5

Disjunct  in Olympics 

and Vancouver 

Island D 13

Pellaea breweri Brewer's cliff-brake G5

Disjunct from East 

Cascades D 13

Polytrichum strictum Hummock haircap moss G5 W? 7

Rhynchospora capitellata Brownish beakrush G5 W 7

Sparganium fluctuans Water bur-reed G5 Disjunct from Idaho D 13

Tritomaria quinquedentata Liverwort G5 W? 7

Stellaria humifusa Creeping sandwort G5?

Saltmarsh species 

uncommon in OR 

and WA, W 7

Castilleja parviflora var. 

Olympica Magenta paintbrush G5?T2T3

Olympic and 

Vancouver Island 

endemic.  E 25

Pedicularis bracteosa var. 

Atrosanguinea Blood red pedicularis G5T?

 Likely Olympic 

endemic.  Sectional 

target. E 25
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Scientific name Common name

Global

Rank

Federal

Status Justification

Species

Distribution

Target

Goal

Astragalus australis var 

olympicus Cotton's milk-vetch G5T1 SOC T1 E 25

Sidalcea malviflora ssp patula Coast checker bloom G5T1 SOC T1 L 13

Trillium ovatum var 

hibbersonii Dwarf trillium G5T1

endemic to 

Vancouver Island E 25

Abronia umbellata ssp 

breviflora Pink sandverbena G5T2 SOC E 25

Erigeron peregrinus ssp 

peregrinus var thompsonii

Thompson's wandering 

daisy G5T2 T2, endemic.  E 25

Erigeron peregrinus ssp 

peregrinus var peregrinus Wandering daisy G5T4

Sectional target in 

OR and WA. L 13

Hedysarum occidentale var 

occidentale Western hedysarum G5T5

Disjunct from Rocky 

Mtns in Olympics 

and Vancouver 

Island.  D 13

Abronia umbellata ssp 

acutalata Pink sandverbena G5TXQ SOC T2 E 25

Corallorhiza maculata var. 

Ozettensis Ozette coral-root

New species, 

Olympic endemic E 25

Erythronium quinaultense Quinault fawn-lily

New species, 

Olympic endemic E 25

Teloschistes flavicans Lichen W? 7
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Appendix 4A PNW Coast Shoreline Targets

LANDFORM EXPOSURE LENGTH (M) GOAL

Channel Undefined 2,295.9 20%

Channel Protected 10,705.2 20%

Estuary Wetland Undefined 199,682.8 30%

Estuary Wetland Exposed 485,791.9 30%

Estuary Wetland Protected 921,277.4 30%

Estuary Wetland Very protected 103,161.7 30%

Gravel Beach Undefined 21,885.9 20%

Gravel Beach Exposed 67,647.0 20%

Gravel Beach Protected 123,034.7 20%

Gravel beach Very exposed 65,034.0 20%

Gravel beach Very protected 11,500.4 20%

Gravel Flat Undefined 4,103.4 20%

Gravel Flat Exposed 6,876.1 20%

Gravel Flat Protected 28,261.5 20%

High Tide Lagoon Exposed 443.9 30%

High Tide Lagoon Protected 9,109.7 30%

Mud Flat Undefined 20,827.3 20%

Mud flat Exposed 2,913.9 20%

Mud Flat Protected 30,566.0 20%

Mud Flat Very protected 9,377.9 20%

Rock Platform Undefined 126,133.3 20%

Rock Platform Exposed 328,567.2 20%

Rock Platform Protected 18,291.7 20%

Rock platform Very exposed 23,165.2 20%

Rock with Gravel Beach Undefined 105,994.5 20%

Rock with Gravel Beach Exposed 219,792.0 20%

Rock with Gravel Beach Protected 661,417.5 20%

Rock with gravel beach Very exposed 10,730.7 20%

Rock with Sand & Gravel Beach Undefined 99,546.7 20%

Rock with Sand & Gravel Beach Exposed 454,827.4 20%

Rock with Sand & Gravel Beach Protected 457,772.3 20%

Rock with Sand & Gravel Beach Very exposed 2,790.8 20%

Rock with Sand Beach Undefined 10,767.5 20%

Rock with Sand Beach Exposed 192,713.6 20%

Rock with Sand Beach Protected 66,860.1 20%

Rock with sand beach Very exposed 12,023.0 20%

Rocky Shore/Cliff Undefined 393,448.9 20%

Rocky Shore/Cliff Exposed 420,675.9 20%

Rocky Shore/Cliff Protected 806,639.2 20%

Rocky Shore/Cliff Exposed 81,362.1 20%

Sand & Gravel Beach Undefined 38,685.1 20%

Sand & Gravel Beach Exposed 78,392.5 20%

Sand & Gravel Beach Protected 228,796.4 20%

Sand & Gravel Beach Very exposed 120,978.7 20%

Sand & Gravel Beach Very protected 7,526.3 20%

Sand & Gravel Flat Undefined 89,862.4 20%

Sand & Gravel Flat Exposed 25,272.2 20%

Sand & Gravel Flat Protected 262,302.5 20%

Sand Beach Undefined 68,241.7 20%

PNW Coast Ecoregional Assessment • Appendix 4A, page 1 of 2



LANDFORM EXPOSURE LENGTH (M) GOAL

Sand Beach Exposed 204,142.8 20%

Sand Beach Protected 70,027.1 20%

Sand beach Very exposed 293,473.0 20%

Sand Beach Very protected 8,148.4 20%

Sand Flat Undefined 11,234.1 20%

Sand Flat Exposed 86,530.6 20%

Sand Flat Protected 146,369.3 20%

Sand Flat Very exposed 103,328.1 20%

Sand Flat Very protected 3,971.5 20%

Total 8,465,298.9

PNW Coast Ecoregional Assessment • Appendix 4A, page 2 of 2
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Appendix 4E: Building a Benthic Habitat Model as Surrogates 

for Ecosystem-Scale Targets 

This section describes the first steps in developing and comparing models for mapping offshore 

benthic habitats in the Pacific Northwest Coast Ecoregion.  This, like all benthic models, is a work 

in progress. We utilized a topographic model and existing classifications that characterize depth 

and benthic substrate to model and generate offshore benthic conservation targets.  Use of the 

benthic habitat model assumes that benthic habitat types can serve as a surrogate or coarse filter 

for the conservation of the majority of bottom-dwelling species in an ecoregion.  The ideal data for 

mapping marine ecosystems is biological data on the distribution and abundance of species in the 

water and on the sea bottom.  Unfortunately, these data are scarce offshore.   

Lacking regionally comprehensive biological data along the Pacific Northwest Coast (PNWC), the 

Conservancy has focused on the use of geophysical data.  We predict that many geophysical 

variables (e.g., temperature, depth and sediment type) can be correlated with the occurrence of 

different types of species.  Geophysical information that is most useful includes sea surface 

temperature, bottom temperature, depth, bottom sediment type, phytoplankton density 

(chlorophyll a), currents and bathymetry (underwater topography).  Our current model presented 

here uses bathymetry and marine geology to depict depth, geomorphology or bedforms, and 

substrate type.   

It is our hope that the benthic model will be predictive of habitat targets.  Output of the model, 

however, needs to be tested against higher resolution data (i.e., multibeam) and underwater 

surveys to determine the accuracy of identifying landforms on the seafloor.  In addition, these data 

need to be correlated with biotic assemblages in determining community or habitat types.  A 

recent study used local population density estimates of juvenile demersal finfish from trawl survey 

data as a meaningful indicator of habitat value (Cook and Auster 2005).  We believe associating 

species data with modeled data on benthic habitats will ultimately give us a more accurate spatial 

assessment of species-habitat utilization.  Lastly, it should be noted that this model cannot be used 

to predict surface or water column patterns in diversity.  Other models are required in examining 

the pelagic environment. 

4E.1 Classification of the Benthic Environment 

In order to generate a continuous surface depicting the seafloor we used a number of regional 

bathymetric data sets and examined interpolation techniques.  Digital Elevation Models (DEMs) 

of the seafloor are distinct from terrestrial models in that the survey efforts required to produce a 

continuous surface of depth across a region are often inconsistent temporally, spatially and 

methodologically.  Therefore careful examination of interpolation methods was conducted before 

an appropriate surface was used to model benthic habitats. 

After generating a continuous surface depicting the seafloor, we examined several models that 

classify the benthic environment into distinct geomorphic types.  The benthic model presented 

here has been used for marine ecoregional planning throughout the continental U.S., including the 

Southern and Northern California ecoregions, the Floridian and Carolinian on the east coast, as 

well as in the Northwest Atlantic Coastal and Marine region.  In addition to developing an initial 

methodology and data for depicting benthic habitats we have also used the bathymetric source data 

to determine areas of bottom complexity.  Although using the same source data, output from a 

complexity model complements the identification of benthic habitats and therefore will be 

addressed separately.  Both methodologies were conducted along the outer coasts of Oregon and 

Washington, part of the Pacific Northwest Coast ecoregion (Figure 4E.3.1).   

The results of the benthic habitat model described below produce offshore marine conservation 

targets.  This approach to modeling coarse scale habitats provides promise in areas of the world 



PNW Coast Ecoregional Assessment •Appendix 4E,  page 2 of 8

where comprehensive thematic mapping of the seafloor has not occurred.  The benthic model 

combines three parameters: geomorphology, depth and substrate.  We initially examined six 

different geomorphic types to describe the seafloor (basins\canyons, lower slopes, middle slopes, 

upper slopes, flats, ridges) but later combined all the slope position types into one.  We then 

combined the four geomorphic types (basins\canyons, slopes, flats, ridges) with four depth ranges:

Class  Definition

Inner shelf 0-40m 

Mid shelf 40-200m 

Mesobenthal 200-700m 

Bathybenthal 700-5000m 

These depth classes were primarily based on Greene et al. 1999 but were also informed by others 

(Allen and Smith 1988, Zacharias et al. 1998).  The modeling produced 16 potential bedforms 

(combined geomorphology and depth) which represented our initial list of benthic habitat types.  

The last step incorporated lithology or substrate.  For the purposes of developing the benthic 

habitat model we identified the most common descriptions of bottom induration types: “hard”, 

determined from rock and boulders classes; “soft”, determined from sand or mud bottoms; or 

“unclassified”.  With this combination of geomorphology, depth, and substrate there were 48 

potential benthic habitat types.  

4E.2 Benthic Habitats 

We applied a landscape position model described in Fel and Zobel (1995), and later described in 

detail by Weiss (2001) for mapping seafloor geomorphology.  Since landscape classifications are 

not based on morphology alone but also on the position of the land surface in relation to its 

surroundings, Fel (1994) developed a quantitative index of landscape position.  Also called 

Topographic Position Index, or TPI, the basic algorithm compares the elevation of a given cell in a 

Digital Elevation Model (DEM) to the mean elevation of a specified neighborhood around that 

cell.  Positive TPI values represent locations that are higher than the average of their surroundings, 

while negative TPI values represent locations that are lower than their surroundings. TPI values 

near zero are flat areas.  This model was created to describe landforms in the terrestrial 

environment, but is easily adaptable to marine data.   

Topographic position is an inherently scale-dependent phenomenon.  Scale of the source data and 

the landscape context are two important factors to consider when deciding the search radius of a 

specified neighborhood, or groups of cells evaluated in a specific GIS procedure (see Zeiler 1999 

for a good explanation of geospatial terminology).   

a) Scale of the source data determines the level of detail that the model can depict.  For instance, if 

the search radius is small then features within a small geography will be explicitly depicted given 

detailed source data; on the contrary, if the search radius is large then features may be missed or 

dissolved into larger categories.  This scenario can also be true if the search radius is smaller than 

the source data can support.  In other words, if the search radius is relatively small for coarse scale 

data then errors in interpolation may be mistaken for distinct features.  To avoid these potential 

miscalculations it is important to evaluate the scales of the source data and examine different 

search radii to determine appropriate output models.     

b) Seascape context determines the position of a distinct feature in relation to its surroundings.  

For example, a point in a basin may be coded as flat when the search radius is small; with a large 

search radius that same point may be considered at the bottom of a canyon if the surrounding area 

contains steep slopes that rise dramatically.  Therefore, the nature of the broader land or seascape 

needs to be considered when setting the search radius in order to accurately represent variation in 

habitat.  
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As a general rule, the continuum of topographic position values sort out along a topographic 

gradient from depressions and canyon or valley bottoms, through to lower slopes, mid slopes, 

upper slopes, and up to ridge and hilltops. By determining thresholds for the continuous values 

they can be classified into distinct slope position categories (Figure 4E.3.2). 

Many physical and biological processes acting at a given location are highly correlated with the 

topographic position: a seamount, basin or canyon, ridge, flat plain, upper slope, etc.  These 

processes (i.e., soil deposition, hydrologic balance and response, wind or wave exposure) are often 

important predictors of vegetation and other biota.  Physical processes are difficult to model 

directly across large areas, but an index of topographic position can be used within a statistical 

predictive modeling framework as a surrogate variable to represent the spatial variation of these 

processes.  For this exercise we modeled benthic geomorphic types using the same principles and 

tools developed in terrestrial models (Figure 4E.3.3).  In both environments a cell-based DEM is 

required, with cell values either representing elevation (positive) or depth (negative).  

Recently marine practitioners have adopted this method for deriving landforms, calling this the 

Bathymetric Position Index, or BPI (Rinehart et al. 2004).  Although the BPI model derives 

landforms on the seafloor, we have added depth classes (Figure 4E.3.4) and substrate types 

(Figure 4E.3.5) that further delineate distinct marine formations.   

These modeling efforts were based on bathymetry data from the National Oceanic and 

Atmospheric Administration (NOAA), Washington Department of Fish & Wildlife (WDFW), and 

the Ministry of Sustainable Resource Management (MSRM) in British Columbia, Canada.  The 

main issues to consider when assembling a mosaic of disparate data include scale of the source 

data and the search radius in depicting seafloor morphology mentioned above.  Bathymetry data 

yields both the benthic geomorphology and depth of that formation.  We combined the 

geomorphology and depth data with lithology on the seafloor.  The Oregon and Washington 

continental shelf geologic data set compiled and mapped by Oregon State University (Goldfinger 

et al. 2001) and others (Greene et al. 1999), as updated for the Groundfish EFH-EIS process, 

incorporates available information on seafloor substrate types for the region.  In addition, geologic 

data was available for British Columbia (MSRM 2001).  We used a simplified classification of 

marine substrate types (hard, soft, unclassified) in order to match data across the region. 

The resultant grid after combining geomorphology and depth with substrate types tracked all 

potential combinations of inputs resulting in 48 (4 landforms x 4 depth classes x 3 substrate types) 

unique benthic habitat types for the Pacific Northwest Coast ecoregion (Figure 4E.3.6).  A final 

check was conducted to determine whether all 48 modeled benthic habitat types were present in 

the ecoregion; a few types were present but at <100 total hectares (inner shelf canyon unclassified 

(1.2 hectares), inner shelf slop unclassified (53.6 hectares), and mid shelf canyon unclassified 

(82.2 hectares)).  The largest category was bathybenthal flats unclassified (3,725,682.2 hectares); 

the total area cover was 14,716,641.8 hectares from mean high water to approximately 2,500 

meters depth. 

It should be noted that these categories were also used in the Northern California Coast ecoregion 

and therefore could be combined to illustrate Pacific west coast-wide coverage (TNC 2005). 
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4E.3 Figures 

4E.3.1 BATHYMETRY OFF OF OREGON, PACIFIC NORTHWEST COAST ECOREGION 
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4E.3.2 TOPOGRAPHIC POSITION INDEX (TPI)  MODELS SPECIFIC LAND OR 
BENTHIC FEATURES ALONG A GRADIENT OF CONTINUOUS VALUES
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4E.3.3 GEOMORPHIC TYPES ON THE SEAFLOOR FOR HECETA BANK OFF THE 
SOUTHERN OREGON COAST 

4E.3.4 DEPTH CLASSES FOR HECETA BANK OFF THE SOUTHERN OREGON COAST  
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4E.3.5 SUBSTRATE TYPES FOR HECETA BANK 

4E.3.6 FINAL BENTHIC HABITAT TYPES FOR HECETA BANK 
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Appendix 5B Numbers of Targets Meeting Goals (by Quartile) in Existing Protected Areas

Percent goal met by quartile in protected areas 

Number of 

Targets in 

Group

% Targets 

protected

>75% goal 

level

Target Group 0-25% 26-50% 51-75% 76-100% No Goal set

Fine Filter Targets

Herptiles 5 1 2 3 1 12 25

Birds 6 5 2 1 4 18 5.6

Mammals 6 1 0 1 8 16 6.3

Insects 2 3 1 5 5 16 31.3

Mollusks 6 0 0 1 2 9 11.1

Nonvascular Plants 2 4 0 4 0 10 40

Vasc Plants 19 14 3 14 1 51 27.5

Non Salmonid fishes 2 1 0 1 2 6 16.7

Salmon-US 9 6 4 9 3 31 29.0

Salmon-Canada 14 11 1 2 0 28 7.1

Rare Communities 8 0 0 10 0 18 55.6

Oregon Wetlands 5 5 0 10 0 20 50

Mineral Springs 1 0 0 0 0 1 0

Shore Bird Concentration A 0 1 0 0 0 1 0

Ecological Systems

Wetlands 2 0 1 5 0 8 62.5

Special Habitats 3 0 0 4 0 7 57.1

Low Elevation Forest 5 0 1 0 0 6 0

High Elevation Forest 0 0 0 3 0 3 100

Aquatic Systems

Willamette EDU 22 0 0 0 0 22 0

Rogue EDU 7 0 0 0 0 7 0

Puget EDU 37 2 0 2 0 41 4.9

Olympic EDU 17 2 0 3 0 22 13.6

Georgia St EDU 23 0 0 0 0 23 0

Lower Columbia EDU 25 1 0 0 0 26 0

OR Coast EDU 19 2 0 0 0 21 0

PNW Coast Ecoregional Assessment • Appendix 5B, page 1 of 1
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Appendix 6A: The SITE Selection Algorithm 

6A.1 Background 

The selection of conservation areas through the application of systematic procedures has been a 

research topic for over 30 years (Ratcliffe 1971, as discussed in Justus and Sarkar 2002). The 

motivation for this research has been and continues to be the realization that protecting every site 

of biological value is both economically and politically infeasible (Ando et al. 1998, Margules and 

Pressey 2000). Since the 1980s much research has concentrated on procedures that maximize the 

representation of biological diversity with the smallest number or smallest total area of 

conservation sites. The most efficient set of conservation sites, the optimal set, has the smallest 

area for a given level of biodiversity conservation.  

Kirkpatrick (1983) and Margules et al (1988) are the earliest examples of using algorithms to 

address the problem of optimality. These algorithms were heuristic, i.e., they were iterative rule-

based procedures. The desire for truly optimal solutions and advances in computer technology 

motivated the development of more mathematical algorithms (Cocklin 1989, Church et al. 1996). 

Over the past twenty years many different optimal site selection algorithms, both heuristic and 

mathematical, have been developed and tested (Bedward et al. 1992, Underhill 1994, Pressey et al. 

1996, Pressey et al. 1997, Csuti et al. 1997, McDonnell et al. 2002). Most of these algorithms do 

not yield a truly optimal solution, only nearly optimal solutions. Nearly optimal solutions are 

considered satisfactory for the practical purposes of conservation planning. Optimal reserve 

selection algorithms have been applied to conservation problems in Australia (Pressey and Nichols 

1989, Price et al. 1995), Europe (Margules and Austin 1994, Araujo and Williams 2000), the 

United States (Davis et al. 1996, Polasky et al. 2001, Noss et al. 2002), and in marine conservation 

(Sala et al. 2000, Leslie et al. 2003). See Pressey et al. (1996), Williams (1998), Possingham et al. 

(2000), and Cabeza and Moilanen (2001) for an overview of optimizing site selection algorithms 

and methodologies. 

TNC has developed considerable experience and expertise in the application of optimal site 

selection algorithms. TNC has applied the technique to numerous ecoregions including the 

Southern Rockies (Marshall et al. 2000), Great Basin (Nachlinger et al. 2001), Sonoran Desert 

(Neely et al. 2001), and Canadian Rockies (Rumsey et al. 2003). All of these ecoregional 

assessments used the computer software known as SITES. In addition, SITES or algorithms 

closely related to SITES, have been used for research applications (Andelman and Willig 2002, 

Noss et al. 2002, McDonnell et al. 2002, Leslie et al 2003) 

6A.2 SITES 

SITES has five main input files (Table 6A.1) and 3 main input parameters (Table 6A.2). One file, 

BOUND.DAT, informs SITES on the spatial relationships of the assessment units. The 

COST.DAT file has the suitability index values for every assessment unit. Chapter 6 explains the 

suitability index. Another file reports the biological contents of every assessment unit, 

PUVSPR.DAT. That is, it reports the location of every target occurrence by assessment unit. The 

main function of the PUSTAT.DAT file is to assign certain assessment units a special status. The 

selection of most assessment units is determined by the algorithm, but some assessment units may 

be locked into the solution or locked out of the solution with the PUSTAT.DAT file. Chapter 6.2 

explains the assessment units that were locked in and out of the SITES analysis.  

The SPECIES.DAT file contains three pieces of information about every conservation target: goal, 

minimum area, and penalty factor. The goal is simply a device to select conservation priority 

areas. The goal is not a statement of what is necessary and sufficient for species survival (see 

Chapter 2). The goal is expressed as an integer corresponding to the desired number of species 

occurrences, or hectares which correspond to the amount of ecological system or habitat type that 
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should be captured by the selected assessment units. Goals for all targets are explained in Chapters 

2, 3, and 4. 

Minimum area refers to the minimum amount of an ecological system or habitat type in a cluster 

of assessment units. However, minimum area does not refer to contiguous area. If several isolated 

patches occur in a single assessment unit, then they appear to SITES as a single patch. Likewise, if 

several isolated patches occur in a cluster of adjacent assessment units, then they appear to SITES 

as a single patch. Therefore, we applied minimum area criteria to our data before inclusion in the 

SITES tables so that only the patches meeting minimum area requirements were counted towards 

goals.  

The penalty factor is applied to conservation targets that do not meet the goal. Every target can be 

assigned its own penalty factor. The higher a target’s penalty factor, the more the target will 

influence the solution of the optimization algorithm. The higher a target’s penalty factor, the more 

likely the solution will meet 100 % of the target’s goal. The penalty factor is used in the 

calculation of the algorithm’s objective function. For our analysis we set the penalty factor of most 

targets to 1, the minimum value allowed by SITES.  

Table 6A.1. SITES Input Files 

Input File Name Function Main data fields 

BOUND.DAT 
1 record for adjacent pairs of 

assessment units 

common boundary length,  

unit ID, unit ID 

COST.DAT 1 record for each assessment unit unit ID, suitability index value 

PUVSPR.DAT 1 record for every target occurrence  unit ID, target name, amount in unit 

PUSTAT.DAT 1 record for each assessment unit unit ID, status 

SPECIES.DAT 1 record for each conservation target 
target name, goal, minimum area, 

penalty factor 

SITES has 3 main input parameters: the number of iterations, the number of replicates, and the 

boundary modifier. The number of iterations significantly influences the ability of the algorithm to 

achieve an optimal or near optimal solution. The number of iterations also determines the 

execution time of SITES, which for typical applications runs on the order of 30 minutes to 2 

hours. We explored a range of iterations from 1 to 10 million and found that solutions generated 

using different iteration values were indistinguishable above 5 million iterations. Hence, we used 5 

million iterations for our analyses.  

A single SITES run actually entails multiple individual replicates using identical parameter values 

and input data. An input parameter determines how many replicates comprise a single SITES run. 

Each replicate yields a near optimal solution somewhat different than the rest. The replicate with 

smallest objective function is the “best” solution, i.e., the set of assessment units that meets the 

conservation goals with the greatest suitability. Variation in the solutions (i.e., in the replicate sets 

of selected units) reflects the degree of flexibility for achieving an optimal solution. Some 

assessment units will be included in every solution. These assessment units are irreplaceable. 

Other assessment units will be included in a subset of solutions. With respect to conservation 

targets and suitability, these assessment units are quite similar to some other assessment units. The 

frequency with which an assessment unit was selected strongly indicates its importance for 

biodiversity conservation. We refer to this selection frequency as assessment unit relative 

importance. The "sum solution" output is the number of times an assessment unit was selected by 

multiple individual replicates. We ran 10 replicates per SITES run.  
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Table 6A.2. Values for SITES Parameters Used in Development of Conservation Portfolio 

Parameter Function Value 

Algorithm  Type of optimization routine simulated annealing 

Replicates
Number of times to repeat full 

optimization 
10

Iterations
Number of times to test new 

combination of assessment units 
5,000,000 

Boundary modifier 
Weighting factor for “cost” of 

nonadjacent assessment units 
0.03 

Species penalty 

factor
“cost” of not meeting a species’ goal 

1 for all fine filter targets 

1 for all coarse filter targets 

(1 = minimum allowed value) 

Assessment unit 

status

Initial state of each assessment 

assessment unit 

0 for all assessment units in 

initial runs. 

A third input parameter, the boundary modifier, controls the spatial arrangement of assessment 

units. This parameter can be used to promote clustering (or adjacency) of selected assessment 

units. Clustering will reduce fragmentation and build larger conservation areas. Clustering will 

also reduce edge length, and SITES tracks the degree of clustering by calculating the amount of 

external edge (or boundary length) in the selected set of assessment units. The larger the boundary 

modifier value, the more important is the clustering of units. If the boundary modifier equals zero, 

then clustering is not considered in the objective function. Selecting the best value for boundary 

modifier involves some tradeoffs. If boundary modifier is too low, then selected assessment units 

may be too isolated. But, if the value is too high, then SITES will select assessment units with low 

biodiversity value or low suitability just to minimize external edge. We explored a range of values 

from 0.01 to 1.0, and arrived at a value of 0.03 which had a minimal effect on clustering. Given 

this low value, boundary length becomes a more influential factor when the algorithm has multiple 

options for meeting goals. 

6A.3 MARXAN

For a number of reasons, the marine technical teams decided to use MARXAN instead of SITES. 

MARXAN was developed as an improved version of SITES. We determined that MARXAN runs 

faster and accepts more assessment units than previous versions (e.g., SPEXAN and SITES), as 

was demonstrated in a British Columbia conservation planning process conducted by the Coast 

Information Team (see Rumsey et al. 2003). Further, there are more options in the selection of 

heuristic algorithms, iterative improvement, and adaptive annealing, and the input file format has 

been clarified (see Ball et al. 2000). 

MARXAN requires that the ecoregion be divided into a set of candidate sites, or assessment units 

that completely fill the region. These are the basic building blocks for assembling a conservation 

portfolio. At the core of reserve selection problems is the overall objective of minimizing the area 

encompassed with the network of reserves (Pressey et al. 1993). MARXAN uses a simulated 

annealing algorithm to evaluate alternative site selection scenarios, comparing a very large number 

of alternatives to identify a good solution. The procedure begins with a random set of assessment 

units, and then at each iteration swaps assessment units in and out of that set and measures the 

change in "cost." Cost here does not mean dollars for land purchase, but the amount of area 

selected in the alternative. The algorithm's objective function is a nonlinear combination of the 

total area and the boundary length of perimeter of the site selection output (Leslie et al. 2003). A 

boundary length modifier setting in the algorithm's parameters determines the relative importance 

placed on minimizing the perimeter relative to minimizing area. There is never just one “optimal” 

solution (e.g., the definitive set of conservation areas) in regional planning, but it is possible to 

identify those areas that are both essential and representative as part of an ecological assessment. 

Siting algorithms provide a context for objective representation that is both measurable and 

spatially explicit.  
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Appendix 7A: Prioritization of Assessment Units 

A conservation portfolio could serve as a conservation plan to be implemented over time by 

nongovernmental organizations, government agencies, and private land owners. In reality, however, an 

entire portfolio cannot be protected immediately and some conservation areas in the portfolio may never be 

protected (Meir et al. 2004). Limited resources and other social or economic considerations may make 

protection of the entire portfolio impractical. This inescapable situation can be addressed two ways. First, 

we should narrow our immediate attention to the most important conservation areas within the portfolio. 

This can be facilitated by prioritizing conservation areas. Second, we should provide organizations, 

agencies and land owners with the flexibility to pursue other options when portions of the portfolio are too 

difficult to protect. Assigning a relative priority to all AUs in the ecoregion will inform everyone about 

their options for conservation.  

The prioritization of potential conservation areas is an essential element of conservation planning 

(Margules and Pressey 2000). The importance of prioritization is made evident by the extensive research 

conducted to develop better prioritization techniques (e.g., Margules and Usher 1981, Anselin et al. 1989, 

Kershaw et al. 1995, Pressey et al. 1996, Freitag and Van Jaarsveld 1997, Benayas et al. 2003). 

Consequently, many different techniques are available for addressing the problem of prioritization. None 

are obviously better than the rest. We used two different techniques – an optimal site selection algorithm 

and a scatterplot – that together yielded four indices (irreplaceability, utility, and two Euclidean distances) 

each indicaing relative priorities. 

Irreplaceability and conservation utility scores were generated for the integrated realms (terrestrial, 

freshwater, and estuary) and for the terrestrial realm alone. A sensitivity analysis was done for only the 

terrestrial realm. The terrestrial realm was done separately because: (1) the terrestrial data have a greater 

influence on the portfolio than the freshwater data; (2) terrestrial environments and species have been more 

thoroughly studied, and therefore, our assumptions about terrestrial biodiversity are more robust than for 

estuary or freshwater biodiversity; and (3) the terrestrial portfolio has the greatest potential influence on 

land use planning and policy decisions affecting private lands. 

The results of our prioritization should not be the only information used to direct conservation action. 

Unforeseen opportunities have had and should continue to have a major influence on conservation 

decisions. Local attitudes toward conservation can hinder or enhance conservation action. Considerations 

such as these are difficult to incorporate into long-range priority setting, and hence, must be dealt with case 

by case.

7A.1 Methods 

7A.1.1 Irreplaceability and Conservation Utility

Irreplaceability has been defined a number of different ways (Pressey et al. 1994, Ferrier et al. 2000, Noss 

et al. 2002, Leslie et al. 2003, Stewart et al. 2003). However, the original operational definition was given 

by Pressey at al. (1994). They defined irreplaceability of a site as the percentage of alternative reserve 

systems in which it occurs. Following this definition, Andelman and Willig (2002) and Leslie et al. (2003) 

each exploited the stochastic nature of the simulated annealing algorithm to calculate an irreplaceability 

index.  

Simulated annealing is a stochastic heuristic search for the global minimum of an objective function. Since 

it is stochastic, or random, simulated annealing can arrive at different answers for a single optimization 

problem. The algorithm may not converge on the optimal solution, i.e., the global minimum, but it will find 

local minima that are nearly as good as the global minimum (McDonnell et al. 2002). The random search of 

simulated annealing enables it to find multiple nearly-optimal solutions, and an AU may belong to many 

different nearly optimal solutions.  
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The number of simulated annealing solutions that include a particular AU is a good indication of that AU’s 

irreplaceability. This is the assumption made by Andelman and Willig (2002) and Leslie et al. (2003) for 

their irreplaceability index. The index of Andelman and Willig (2002) was: 

                  n 

Ij  =  (1/n)    si     (1) 

                   i=1 

where I is relative irreplaceability, n is the number of solutions, and si is a binary variable that equals 1 

when AUj is selected but 0 otherwise. Ij have values between 0 and 1, and are obtained from a running the 

simulated annealing algorithm n times at a single representation level.  

Irreplaceability is a function of the desired representation level (Pressey et al. 1994, Warman et al. 2004). 

Changing the representation level for target species often changes the number of AUs needed for the 

solution. For instance, low representation levels typically yield a small number of AUs with high 

irreplaceability and many AUs with zero irreplaceability, but as the representation level increases, some 

AUs attain higher irreplaceablity scores. The fact that some AUs go from zero irreplaceabilty to a positive 

irreplaceability demonstrates a shortcoming of Willig and Andelman’s index – at low representation levels, 

some AUs are shown as having no value for biodiversity conservation. We created an index for relative 

irreplaceabilty that addresses this shortcoming. Our global irreplaceability index for AUj was defined as:  

                     m 

Gj  =  (1/m)  Ijk    (2) 

                     k=1 

where Ijk are relative irreplaceability values as defined in equation (2) and m is the number of 

representation levels used in the site selection algorithm.  Gj have values between 0 and 1.  Each Ijk is 

relative irreplaceability at a particular representation level.  We ran SITES at ten representation.  At the 

highest representation level nearly all AUs attained a positive values for global irreplaceability.  Gj shall 

henceforth be called irreplaceability. 

Many applications of “irreplaceability” have implicitly subsumed some type of conservation efficiency 

(e.g., Andelman and Willig 2002, Noss et al. 2002, Leslie et al. 2003, Stewart et al. 2003).  Efficiency is 

usually achieved by minimizing the total area needed to satisfy the desired representation level.  We too 

had the selection algorithm minimize the total area of selected AUs.  That is, the “cost” of each AU was its 

area.  Consequently, efficiency is indirectly incorporated into our estimates of irreplaceability.   

Conservation Utility 

We expanded upon the concept of irreplaceability with conservation utility, invented by Rumsey et al. 

(2004).  Conservation utility is defined by equation (2), but the selection frequency is generated with the 

AU costs incorporating a suitability index.  To create a map of conservation utility scores, AU “cost” 

reflects practical aspects of conservation – current land uses, current management practices, habitat 

condition, etc. (see section 6.5)  In effect, conservation utility is a function of both biodiversity value and 

the likelihood of successful conservation.   

7A.1.2  Representation Levels 

Each representation level corresponds to a different degree of risk for species extinction.  Although we 

cannot estimate the actual degree of risk, we do know that risk is not a linear function of representation.  It 

is roughly logarithmic.   
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Coarse Filter 

We based the assumption that there is a logarithmic relationship between the risk of species extinction and 

the amount of habitat on the species-area curve.  The species-area curve is arguably the most thoroughly 

established quantitative relationship in all of ecology (Connor and McCoy 1979, Rosenzweig 1995).  The 

curve is defined by the equation S=cAz, where S is the number of species in a particular area, A is the given 

area, c and z are constants.  The equation says that the number of species (S) found in a particular area 

increases as the habitat area (A) increases.  The parameter z takes on a wide range of values depending on 

the taxa, region of the earth, and landscape setting of the study.  Most values lie between 0.15 and 0.35 

(Wilson 1992).  An oft cited rule-of-thumb for z’s value is called Darlington’s Rule (MacArthur and 

Wilson 1967, Morrison et al. 1998).  The rule states that a doubling of species occurs for every 10 fold 

increase in area, hence z = log(2) or 0.301.  We used this relationship to derive representation levels that 

roughly correspond to equal increments of biodiversity. 

Coarse filter representation levels specify a minimum area, i.e., hectares, of each habitat type to be captured 

within a set of conservation areas.  Other ecoregional assessments have used representation levels that 

increased linearly.  For instance, Rumsey et al. (2004) set levels at 30, 40, 50, 60, 70 percent of the 

currently extant area of each habitat type.  Each of these representation levels captured the same 

incremental area of habitat, but from the species-area curve we know that each of these representation 

levels captures smaller increments of total biodiversity.  That is, the step from 30 to 40 percent may capture 

6 percent of all species but the step from 60 to 70 percent may capture about only 4 percent (assuming z = 

0.301).  In effect, the first 10 percent of habitat is more important than the last 10 percent.  

We used the species-area relationship to create representation levels that correspond to equal increments of 

biodiversity – i.e., each increase in coarse filter area captured an additional 10% of species.  The coarse 

filter representation levels did not increase linearly but rather according to a power function: S = Az.  To 

derive the coarse filter levels, the desired amount of biodiversity was increased linearly (10, 20, 30, . . ., 

100 percent) and the corresponding area was calculated for each (Table 7A.1). 

Table 7A.1.  Coarse filter representation levels derived from the species area curve with z = 0.3. 

Percent species 10 20 30 40 50 60 70 80 90 100 

Representation Level 

(percent extant area) 
0.05 0.5 1.8 4.8 10 18 31 48 70 100 

Fine Filter 

Fine filter representation levels specify the number of species occurrences to be captured within a set of 

conservation areas.  The relationship between species survival and number of isolated populations is also a 

power function: 

        Species Persistence Probability = 1 - [ 1 - pr(P) ]n

where pr(P) is the persistence probability of each isolated population and n is the number of populations.  

This equation says, in effect, that the first population (i.e., occurrence) is more important than the second 

population and much more important than the tenth population.  According to this relationship, if we want 

representation levels to correspond to equal degrees of risk, then fine filter representation levels should not 

increase linearly but logarithmically.  However, the above equation won’t work for our purposes.  We don’t 

know pr(P).   

Luckily another relationship was available to us – the criteria used by natural heritage programs to rank 

species.  These criteria indicate the degree of imperilment, i.e., the risk of extinction, and follow a 
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logarithmic relationship.  For instance, one criterion relates the number of occurrences to degree of 

imperilment (Table 7A.2) (Master et al. 2003)1.

Table 7A.2. Categories for the known occurrence ranking criterion used by natureserve and natural 
heritage programs to assign species S ranks and G ranks. 

Condition 

Status
Number of Known Occurrences 

A 1 to 5 

B 6 to 20 

C 21 to 80 

D 81 to 300 

E >300 

This system expresses the idea that the first 5 occurrences make about the same contribution toward species 

rank as the next 21 to 80 occurrences.   

If we assume equal imperilment intervals and equate A, B, C (a nominal scale) with 1, 2, 3 (an ordinal 

scale), then the relationship in the above table can be modeled as a power function.  We can use the 

function to interpolate between 1, 2, and 3 to yield multiple regularly spaced steps for the fine filter levels.  

We did this to give 10 representation levels; the same number as for the coarse filter.  

Table 7A.3  Representation levels for population or sub-population type element occurrences.  

Condition Status A B C D 

Regular steps within 

condition status 
 1 1  1  2 2  2  3 3  - 4 

Representation Level  

(number of 

occurrences) 

2 3 5 8 13 20 31 49 80 
all

occurrences

Table 7A.3 is to be used for species for which EOs roughly correspond to populations, subpopulations, or 

populations segments.  Fine filter representation levels are complicated because the element occurrences 

currently in our databases do not have consistent meaning.  Some EOs roughly represent a population or 

population segment (e.g., plant, invertebrates, amphibians).  Other EOs may simply represent a nest, a 

concentration of nests, or a territory (e.g., raptors, marbled murrelets).  EOs of this type must be dealt with 

somewhat differently.  We followed the same approach as above but used a different G/S rank criterion that 

relates the number of individuals in a population to degree of imperilment (Table 7A.4) (L. Master, 2003; 

unpubl. report).   

1 Table2 is a modification of the older system (Master 1994) for species ranking, where G1/S1 equaled 1 to 5 

occurrences, G2/S2 equaled 6 to 20 occurrences, and G3/S3 equaled 21 to 100 occurrences. 
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Table 7A.4. Categories for the number of individual ranking criterion used by natural heritage 
programs to assign species S ranks and G ranks.  We derived the maximum number of nests or from 
the number of individuals. 

Condition 

Status
Number of Individuals 

Maximum Number of 

Nests or Dens 

A 1 to 50 25 

B 61 to 250 125 

C 251 to 1000 500 

D 1001 to 2500 1250 

We converted the number of individuals to number of nests simply by dividing by 2.   Again, if we assume 

equal imperilment intervals and equate A, B, C with 1, 2, 3, then the relationship in the above table can be 

modeled as a power function.  We can use the function to interpolate between 1, 2, and 3 to yield multiple 

regularly spaced steps for the fine filter levels.  We created 10 representation levels (Table 7A.5). 

Table 7A.5  Representation levels for nest or den type element occurrences. 

Condition Status A B C 

Regular steps 

within condition 

status

¼ ½ ¾ 1 1¼ 1½ 1¾ 2 2¼ 2½ - 3 

Representation 

Level

(number of 

nests)

8 12 18 25 38 55 80 125 170 
all

occurrences

We emphasize that even though we used natural heritage program criteria for imperilment, the 

representation levels should not be interpreted to reflect levels of imperilment.  The numbers are just a 

device for creating a map that shows relative priorities of all assessment units in an ecoregion.  We used a 

power function (or logarithmic scale) in recognition of the fact that risk of extinction is nonlinear.  We did 

not have the resources to estimate the actual risk, but we believe that nonlinear representation levels 

generated a more useful prioritization of places.   

7A.1.3  Comparing Utility and Irreplaceability 

We compared the utility and irreplaceability maps several ways.  First, three similarity measures were 

calculated: mean absolute difference, Bray-Curtis similarity measure, and Spearman rank correlation 

(Krebs 1999; pp 379-386).  The Bray-Curtis similarity measure normalizes the sum absolute difference to a 

scale from 0 to 1.  Because utility and irreplaceability will be used for prioritizing AUs, rank correlation is 

a particularly informative because it told us how the relative AU priorities changed.  We were especially 

interested in how the ranks of the most highly ranked AUs would change.  To examine this, we also 

calculated a weighted Spearman rank correlation using Savage scores (Zar 1996, pp. 393-395).  

Second, we determined whether the difference between utility and irreplaceability was significantly 

different.  This was done by testing the following hypothesis for mean absolute difference:   

H01:   difference between utility and irreplaceability maps is significantly less than the expected 

difference between the utility map and a random map; 



PNW Coast Ecoregional Assessment • Appendix 7A, page 6 of 20 

HA1:  difference between utility and irreplaceability maps is equal to or significantly greater than 

the expected difference between the utility map and a random map, 

and for the Bray-Curtis similarity measure and Spearman rank correlation, this hypothesis: 

H02:   similarity between the utility map and irreplaceability map is significantly greater than the 

expected similarity between the utility map and a random map; 

HA2:  similarity between the utility map and irreplaceability map is equal to or significantly less 

than the expected similarity between the utility map and a random map. 

Both null hypotheses mean that there is no significant difference between the utility and irreplaceability 

maps.  If the observed similarity measure is significantly less than (or the distance is significantly greater 

than) that expected from chance, then the null hypothesis is false, and we can say that the utility and 

irreplaceability maps are different.  For Spearman rank correlation, the alternative hypothesis is equivalent 

to r  0.  The hypotheses were tested using a randomization test (Sokal and Rohlf 1995, pp. 808-810).  

Random utility maps were generated by reshuffling the utility values among AUs (i.e., random sampling of 

utility values without replacement).  One thousand random utility maps were compared to the real map 

using the four measures of similarity.  The proportion of times that the difference between the utility map 

and irreplaceability map is smaller (or the similarity is larger) than the difference between the utility map 

and the 1000 randomly generated maps equals the probability that utility map and irreplaceability map are 

significantly different.  This technique is similar to that employed by Warman et al. (2004).  This was a 

one-tailed test of significance with  = 0.05.   

Third, a contingency table analysis was done to compare the utility values and irreplaceability values of 

paired AUs.  The log-likelihood ratio method (Zar 1996; pp. 502-503) was used to test the following 

hypotheses:

H03:   AU selection is independent of cost index (area versus suitability) 

HA3:  AU selection is dependent on cost index 

Paired AUs were considered to be significantly different for P <= 0.05.

7A.1.4  Running the Selection Algorithm 

SITES produces an output that is equivalent to nIj, i.e., the number of times an AU was selected out of n 

replicates.  We ran 25 replicates at each representation level.  Hence, the product m n equaled 250 for both 

irreplaceability and conservation utility.  For the integrated analysis, the boundary modifier (BM) was set to 

0.1 to link the layers in vertical stacking (see section 8.XX).  For the terrestrial only analysis, BM was set 

to zero.  When BM is set to zero, neighboring AUs have no influence on the selection frequency of an AU.   

The algorithm’s objective function says, in effect, minimize cost (or unsuitability) subject to T constraints, 

where T equals the number of targets.  All T constraints are the same – the amount captured must be greater 

than or equal to the target’s desired representation level.  The third term in the objective function imposes 

these constraints, however, they are soft constraints.  “Soft” means that the constraints can be violated.  

Each constraint’s “hardness” is determined by the penalty factors (PFs) set for each target – the larger the 

PF, the firmer the constraint.  Hard constraints can be established by setting an arbitrarily large PF.  

However, very large PFs can create discontinuities in the objective function, and discontinuities can wreak 

havoc with the heuristic search.  If PFs are too small, then the algorithm may not come close to meeting the 

representation level.   

Clearly, setting PF values is tricky.  To address this problem, we used an iterative search to set PF values.  

We began the search with PF equal to 1 for every target.  We ran SITES (5 replicates, 1 million iterations 

per replicate) and then checked the results of the best solution.  SITES reports how much of the 

representation level was met for each target.  If a target’s representation level was not met, we incremented 

its PF.  We repeated these steps until the representation level was met for all targets.  The iterative search 
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was done at each of the ten representation levels.  Hence, a target could have a different PF at each 

representation level.  For the vast majority of targets, this process found the PF value in a reasonable 

amount of time.  However, finding the PF value that yields 100 % of the desired representation level for 

every target took too much processing time.  Hence, we terminated the PF search when only 96 % of a 

target’s representation level was met.  Other details about running SITES are summarized in Table 7A.6. 

Table 7A.6. Values for SITES parameters used for irreplaceablity and utility analyses.  

terrestrial integrated 
Parameter Function irreplaceability utility irreplaceability utility 

Algorithm  
Type of optimization 

routine
simulated annealing simulated annealing 

Replications

Number of times to repeat 

optimization per 

representation level 

25 25 

Iterations
Number of times to create 

new combination of AUs 
2,000,000 2,000,000 

Boundary 

modifier 

Weighting factor for “cost” 

of AU perimeter.  

Encourages clusters of 

AUs

0
0.1  

(same as in Chapter 9) 

Target penalty 

factor 

“cost” of not meeting a 

target’s represen-tation 

level

automatically set automatically set 

AU status 
Initial selection state of 

each AU 

0 for all hexagons 

(no “lock-ins”) 
0 for all hexagons 

Suitability

Index 

indicates likelihood of 

successful conservation at 

AU

normalized area see Chapter 6 normalized area see Chapter 6 

7A.1.5  Irreplaceability versus Vulnerability Scatterplot 

The irreplaceability versus vulnerability scatterplot was first used by Pressey et al. (1996, as described by 

Margules and Pressey 2000) and was also recently used by Noss et al. (2002) and Lawler et al. (2003).  

These studies plotted irreplaceability versus vulnerability for a large number of potential conservation 

areas.  We plotted irreplaceability versus vulnerability for every AU.   Irreplaceability has been defined a 

number of different ways (Pressey et al. 1994, Ferrier et al. 2000, Noss et al. 2002, Leslie et al. 2003, 

Stewart et al. 2003).  Our definition of irreplaceability (see Section 7.1.1) is similar to those of Andelman 

and Willig (2002) and Leslie et al. (2003).  We used the irreplaceability values from the integrated 

terrestrial and freshwater analysis.   

Margules and Pressey (2000) defined vulnerability as the risk of an area being transformed by extractive 

uses, but it could be defined more broadly as the risk of an area being transformed by degradative 

processes.  The broader definition encompasses adverse impacts from invasive species and fire suppression.  

Vulnerability could also be defined from the perspective of target species – the relative likelihood that 

target species will be lost from an area.  Since target persistence depends on habitat, a vulnerability index 

would be a function of current and likely future habitat conditions.  Future habitat conditions are generally 

determined by the management practices and policies associated with an area.  Our suitability index 

incorporated factors that reflected both current habitat conditions and management.  Therefore, for the 

purposes of prioritization, we assumed that our suitability index could also be used as a vulnerability index.  

Recall that the cost index was the weighted geometric mean of AU area and suitability.  For the 

vulnerability index we used only the suitability.  The integrated vulnerability index was calculated by 

averaging the terrestrial and freshwater suitability indices for each AU.  Like the suitability index, 

vulnerability was normalized by dividing all values by the maximum value and multiplying by 100.  

Margules and Pressey (2000) and Noss et al. (2002) divided their scatterplots into four quadrants which 

correspond to priority categories: high irreplaceability, high vulnerablity (Q1); high irreplaceability, low 

vulnerability (Q2); low irreplaceability, low vulnerability (Q3) and low irreplaceability, high vulnerability 
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(Q4).  Margules and Pressey (2000) and Noss et al. (2002) believed potential conservation areas in Q1 

should be the highest priority and potential areas in Q3 should be the lowest priority.  However, this 

strategy is debatable (Pyke 2005).  Some have argued that the highest priorities should be potential 

conservation areas in Q2 because such places have high biological value and a high likelihood of successful 

conservation.   

The purpose of dividing the scatterplot into quadrants is to assign AUs to priority categories.  The 

scatterplot can be divided many different ways; we utilized four.  First, as done by Lawler et al. (2003), we 

divided the scatterplot into 16 sub-quadrants using the quartile values for irreplaceability and vulnerability.  

Each sub-quadrant corresponds to a priority category.    

The assessment covered 2442 AUs.  Hence, roughly 611 AUs fell into each quadrant of the scatterplot, and 

average number of AUs in each sub-quadrant was 153.  For the purposes of directing conservation action, 

this may be far too many AUs per category.  We were most interested in the small number AUs with the 

highest irreplaceability and the highest vulnerability.  For that reason, we divided the scatterplot at the 99.5, 

99, 98, 96, 92, and 84 percentiles for both irreplaceability and vulnerability.  This created 36 cells in upper 

right-hand corner of the scatterplot.   

The third and fourth ways for subdividing the scatterplot were based on Iso-euclidean distance contours.  In 

theory, the highest priority possible is an AU with both irreplaceability and vulnerability equal to 100.  

Assuming that the qualities of irreplaceability and vulnerability are equally important for determining AU 

priorities, the distance between an AU and the upper right-hand corner of the scatterplot would determine 

its priority for conservation.  This distance is calculated with the equation: 

D = [ (100 - I) 2  +  (100 - V) 2 ] 1/2

where I is irreplaceability, V is vulnerability, and D is the Euclidean distance of an AU from the point (100, 

100).  Our contours corresponded to percentiles – 0.5, 1, 2, 4, and 8 percent of AUs. 

Some might argue that the highest priorities for conservation should be the AUs with the highest 

irreplaceability and the lowest vulnerability.  These AUs have high biological value and are places where 

conservation will most likely succeed.  Following this strategy, the distance between an AU and the upper 

left-hand corner of the scatterplot would determine its priority for conservation.  This distance is calculated 

with the equation: 

D = [ (100 - I) 2  +  V 2 ] 1/2

The assumption that irreplaceability and vulnerability are equally important does not hold over the entire 

scatterplot.  For instance, two AUs situated at (100, 1) and (1, 100) are the same distance from the (100, 

100) corner of the scatterplot, but certainly the AU at (1, 100) should be a much higher priority.  However, 

in the immediate vicinity of the (100, 100) or (0, 100) corners, the Euclidean distance can be a useful index 

to sort out priorities.  Incidentally, the divisions used by Margules and Pressey (2000) and Noss et al (2002) 

to divide their scatterplots into quadrants imply that irreplaceability and vulnerability are equally important.  

Lacking a strong rationale for favoring either axis we followed their convention. 

7A.2 Results 

How should our irreplaceability and conservation utility indices be interpreted?  These indices were 

constructed by running MARXAN at ten representation levels.  The first level captured a very small 

amount of each target and the last level captured everything, i.e., all known occurrences of all targets.  

Think of the first representation level as the amount of biodiversity to be captured in an initial set of 

reserves, the second level as a additional amount to be captured by an enlarged set of reserves, the third 

level as an even greater additional amount, and so on.  At each level, MARXAN’s output indicates the 

relative necessity of each AU for efficiently capturing that particular amount of biodiversity.  When the 

outputs from each level are summed together, the result specifies the most efficient sequence of AU 
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protection for capturing all biodiversity.  The sequence in which AUs should be protected is one way to 

gauge their relative importance.  AUs that have the highest irreplaceability or utility scores should be 

protected first, and therefore, are the most important AUs for biodiversity conservation. 

7A.2.1  Terrestrial Only Analysis 

The utility and irreplaceability maps for the terrestrial only analysis are shown in maps 1 and 2.  The utility 

and irreplaceability scores are displayed two ways: (1) the distribution of nonzero values divided into 

deciles (10% quantiles); and (2) range of nonzero values divided into 10 equal intervals.  The decile map 

answers the question, where are the AUs with a selection frequency, or score, in the top 10 percent of all 

AUs.  The equal interval map answers the question where are the AUs with a score greater than 90 percent.  

By coincidence, the number of AUs in the top decile and with a score greater than 90 is about equal – 9.2 

and 9.1 percent of AUs had a score greater than 90 for utility and irreplaceability, respectively (Figure 

7A.1).   

AUs with scores equal to 100 are those selected in every replicate at every representation level.  Seven 

percent of AUs had a utility score of 100, 7.1 percent had an irreplaceability score of 100 (Table 7A.7), and 

6.5 percent of AUs had both scores equal to 100.  This large overlap between utility and irreplaceability at 

the highest possible score is evident in maps 1 and 2.   

At the lowest representation level (0.05 percent of the current amount of coarse filter targets, 2 occurrences 

of population type EOs, and 8 occurrences of nest type EOs), the best solutions for utility and 

irreplaceability consisted of 252 and 270 AUs, respectively.  Perfect scores were attained by 85 percent of 

the utility best solution and 83 percent of the irreplaceability best solution.  The large proportion of AUs 

with scores equal to 100 demonstrates how little flexibility existed even the lowest representation level.  

That is, rare targets could only be captured at particular AUs. 

The distributions of utility and irreplaceability scores were bimodal and skewed-right (Figure 7A.1). The 

modes were located at the lowest and highest nonzero scores.  The high mode corresponds to those AUs 

that are selected in every replicate at every representation level.  The low mode corresponds to the large 

number of AUs that have nothing special to offer for biodiversity conservation.  AUs in between the modes 

are essentially interchangeable.  They are selected at moderate frequencies because they contribute toward 

meeting representation levels but to the same degree as other AUs.   

The median and mean of irreplaceability scores (24, 34) are larger than those of utility scores (11, 28).  

When the cost of AUs is equal to area (i.e., irreplaceability), the selection algorithm prefers smaller AUs.  

A preference for smaller AUs means that more AUs must be selected to meet the coarse filter 

representation levels.  As expected, the total area of best solutions for irreplaceability is less than the total 

area of best solutions for utility, but more AUs are needed for irreplaceability solutions.  Because the 

algorithm selects more AUs for irreplaceability solutions than for utility solutions, I and G are larger for 

irreplaceability.   

7A.2.2 Integrated Analysis

Recall that the data inputs to the selection algorithm consisted of three different layers: terrestrial, 

freshwater class 1, and freshwater classes 2 and 3.  AU boundaries for terrestrial and freshwater class 1 

were the same HUC watersheds, but some freshwater class 1 AUs contained no occurrences.  Utility and 

irreplaceability scores were computed for every AU in each layer.  To calculate single scores for each 

HUC, we added the scores for terrestrial and freshwater class 1 AUs.  Freshwater class 1 AUs with no 

occurrence data were never selected by the algorithm.  Utility and irreplaceability scores for the 

corresponding terrestrial AU were normalized to 100.  The utility and irreplaceability maps for the 

integrated analysis are shown in maps 7.3 and 7.4.  The maps show the summed scores of terrestrial and 

freshwater AUs, including the freshwater AUs for which there were no occurrence data.   
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If all AUs in every layer are viewed as separate AUs, then certain results are very similar to those of the 

terrestrial only analysis (Table 7A.7, Figure 7A.2).  The percentage of AUs with high utility and 

irreplaceability scores and the distribution of scores are about the same as those from the terrestrial 

analysis.  However, when terrestrial and freshwater scores are combined then the proportion of AUs with 

high scores is much reduced (Figure 7A.3).  

Table 7A.7.  Percentage of AUs with selection frequency equal to 100 percent and frequency greater than or 
equal to 95 percent. 

integrated analysis 

selection

frequency 

terrestrial 

analysis 
all AUs 

all layers 

terrestrial

AUs, 

terrestrial

layer

class 1 

AUs;

freshwater 

layer

combined 

terrestrial/

freshwater; 

include no 

data AUs 

combined 

terrestrial/

freshwater; 

exclude no 

data AUs 

number of AUs  2707 5343 2707 2123 2707 2123 

100 % 7.0 7.8 7.2 6.7 1.4 0.6 
utility 

 95 % 8.3 8.8 8.1 7.4 2.0 1.2 

100 % 7.1 7.9 7.4 6.5 1.9 1.0 
irreplaceability 

 95 % 8.5 9.1 8.7 7.4 2.7 1.6 

7A.2.3  Utility versus Irreplaceability 

By all similarity measures, the utility and irreplaceability maps in the both the terrestrial only and 

integrated analyses were similar to a statistically significant degree (Table 7A.8).  Utility and 

irreplaceability maps in the terrestrial only analysis were more similar than those in the integrated analysis, 

but only slightly.  The values for weighted Spearman rank correlation show that differences between maps 

at high scores are less than differences at low scores.   

As demonstrated in Table 7A.8, the overall patterns of utility and irreplaceabilty scores are very similar.  

That is, a side-by-side comparison shows that the maps generally agree.  If examined AU by AU, we find 

that slightly more than 75 percent are different and that slightly more than 40 percent have a significant 

difference between utility and irreplaceability (Table 7A.9).  However, very few significant changes occur 

at high utility scores.  Of all the AUs with significant differences between utility and irreplaceability, only 4 

percent have the highest utility scores.  Three-quarters of the significant changes are for AUs with utility 

scores less than or equal to 20.   

In the terrestrial analysis, 7 percent of AUs had a utility score of 100, 7.1 percent had an irreplaceability 

score of 100, and 6.5 percent of AUs had both scores equal to 100.  The large overlap indicates that 

suitability had a small influence on which AUs attained scores equal to 100.  In other words, target 

locations greatly determined which AUs attained a perfect score.  Such AUs contained rare targets, targets 

for which we had very little occurrence data, occurrences of multiple targets, or a large number of 

occurrences per target.   

In the integrated analysis, 1.4 percent of AUs had a utility score of 100, 1.9 percent had an irreplaceability 

score of 100, and 1.2 percent of AUs had both scores equal to 100.  These percentages are much smaller 

than those for the terrestrial analysis but the degree of overlap between utility and irreplaceability is about 

the same.  The reason for the smaller percentages is that the scores are the combination of terrestrial and 

freshwater scores, and very few AUs attain high scores for both freshwater and terrestrial.  Table 7A.10 

shows that there is low degree of similarity between the freshwater and terrestrial results; all similarity 

measures are much less those in Table 7A.8.  However, null hypothesis was accepted for all similarity 

measures in Table 7A.10, i.e., the terrestrial and freshwater parts of the integrated analysis are similar.  
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Table 7A.8.  Similarity measures for comparison of conservation utility and irreplaceability maps.  There 
was no significant difference between the utility and irreplaceability maps for any of the similarity 
measures (alpha = 0.05).  

 terrestrial only integrated realms 

number of AUs 2707 5343 

mean absolute difference 8.9 9.1 

Bray-Curtis measure 0.855 0.845 

Spearman rank correlation 0.682 0.677 

weighted Spearman rank 

correlation
0.877 0.842 

Table 7A.9.  Comparison of conservation utility and irreplaceability maps: percent of AUs that are 
different between the two maps.  Significant differences based on log-likelihood ratio method (alpha = 
0.05).

 terrestrial only integrated realms 

number of AUs 2707 5343 

percent AUs different 77.4 76.2 

percent significantly different 44.9 42.6 

Table 7A.10.  Similarity measures for comparison of terrestrial and freshwater class 1 scores.  There 
were no statistically significant difference between the terrestrial and freshwater maps (alpha = 0.05) for 
any similarity measure.  Percent AUs significantly different based on log-likelihood ratio method. 

 Utility Irreplaceability 

number of AUs 2123 2123 

mean absolute difference 36.8 35.3 

Bray-Curtis measure 0.585 0.643 

Spearman rank correlation 0.368 0.321 

percent AUs different 76.1 83.8 

percent AUs significantly 

different
59.5 57.1 

7A.2.4  Irreplaceability versus Vulnerability Scatterplot

The assessment covered 2442 AUs.  Hence, roughly 611 AUs fell into each quadrant of the scatterplot. The 

quartiles defining the sub-quadrants are given in Table 7A.11.  The average number of AUs in each sub-

quadrant was 153 but ranged from 112 to 202.  The scatterplot is shown in Figure 7A.4 and the same 

information is shown spatially in Map 7.5.   

The scatterplot shows a very high density of AUs in the region below the third quartiles of irreplaceability 

and vulnerability.  In effect, AUs in each of these sub-quadrants are very similar and are not distinct 

enough to warrant different priorities.  AUs density decreases as irreplaceability and vulnerability increase.  

This separation of AUs suggests real differences in AU priorities.   

Four sub-quadrants contain AUs with irreplaceability values in the top quartile.  These four quadrants 

contain 608 AUs – far too many to be useful for prioritization.  The 36 cells based on the 99.5, 99, 98, 96, 

92, and 84 percentiles for both irreplaceability and vulnerability contain 102 AUs, a more manageable 

number.  How these AUs are distributed among cells is shown in Table 7A.12.   
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The distribution of AUs relative to iso-Euclidean distance contours is shown in Figure 7A.6 and 7A.7.  The 

distribution of Euclidean distances from the (100, 100) corner is skewed (Figure 7A.5).  The peak of the 

distribution corresponds to sub-quadrant with highest AU density – between the first and second quartiles 

for both irreplaceability and vulnerability.  Many of those AUs closest to the upper right-hand corner of the 

scatterplot can have relatively low values for irreplaceability and utility because when suitability is 

incorporated into the optimal site selection algorithm, these AUs are a relatively poorer choice for 

conserving biodiversity (Table 7A.13).  For the same reason, utility is usually lower than irreplaceability 

for these AUs.  AUs closest to the upper left-hand corner of the scatterplot have high values for both 

irreplaceability and utility (Table 7A.14).  

Table 7A.11  Summary statistics for irreplaceability and vulnerability.  The variance was excluded 
because the distributions were highly skewed. 

 minimum 1st quartile median mean 3rd quartile maximum 

irreplaceability 0 15.0 24.4 31.3 42.5 100 

vulnerability 0 7.9 12.5 16.6 22.5 100 

Table 7A.12.  Irreplaceability versus vulnerability percentile matrix.  Matrix shows the number of AUs 
in each irreplaceability versus vulnerability percentile category.  Values for vulnerability and 
irreplaceability at each percentile are shown in parentheses. 

Percentile for Vulnerability 

Percentile for 

Irreplaceability 
84

(28.0)

92

(36.7)

96

(41.1)

98

(46.2)

99

(52.0)

99.5

(61.2) total

99.5

(100)
-- -- -- -- -- -- -- 

99

(100)
2 3 1 1 0 0 7 

98

(95.0)
3 0 0 0 0 0 3 

96

(76.5)
4 2 1 1 1 1 10 

92

(62.8)
11 7 5 2 0 1 26 

84

(53.5)
15 19 10 4 3 5 56 

total 35 31 17 8 4 7 102 



PNW Coast Ecoregional Assessment • Appendix 7A, page 13 of 20 

Table 7A.13  Assessment units within the 0.5 percentile for Euclidean distance from the (100,100) 
scatterplot corner.  AUs ordered by irreplaceability value.  Irreplaceability and utility values are from the 
integrated freshwater and terrestrial analysis. 

AU

number 

AU  

Name Irreplaceability Vulnerability 

Euclidean 

distance Utility 

1902 Orveas Bay 100 51.5 48.5 100 

1701 Chemainus River 100 42.6 57.4 100 

1383 Qualicum River 100 39.9 60.1 100 

1656 Chemainus River 100 39.5 60.5 98.4 

2391 Camp Creek 84.4 66.6 36.9 71.0 

2394 Chehalis River, lower 81.2 48.9 54.5 75.8 

1274 Stamp River 73.6 59.4 48.4 73.8 

2473 Hazeldell 62.8 68.2 49.0 57.4 

1903 Sooke River 60.0 79.2 45.1 35.2 

1303 Qualicum River 58.0 62.8 56.1 55.5 

2484 Longview 56.0 94.1 44.4 30.0 

2588 Rock Creek/Tualatin River 55.2 90.2 45.9 55.0 

2573 Clackamas River 55.0 95.7 45.2 55.0 

mean  75.9 64.5 50.2 69.8 

standard 

deviation 
18.5 19.5 6.8 23.5 

Table 7A.14  Assessment units within the 0.5 percentile for Euclidean distance from the (0,100) 
scatterplot corner.  AUs ordered by irreplaceability value.  Irreplaceability and utility values are from the 
integrated freshwater and terrestrial analysis. 

AU  

number 

AU

Name Irreplaceability Vulnerability 

Euclidean 

distance Utility 

2966 island in BC 100 1.0 1.0 100 

1650 island in BC 100 1.0 1.0 100 

2957 island in Oregon 100 1.0 1.0 100 

1135 Stamp River 100 4.3 4.3 100 

239 Marble River 100 1.8 1.8 55 

1939 Cape Alava 100 2.5 2.5 100 

1709 Tzartus Island 100 3.1 3.1 100 

1426 island in BC 100 3.1 3.1 100 

2945 Long Island, Willapa Bay 100 3.5 3.5 100 

54 Frisherman river 100 3.8 3.8 100 

571 Checleset Bay 99.6 4.3 4.4 100 

2155 Saghalie Creek 98.6 2.5 2.8 74.6 

1681 island in BC 96 1.0 4.1 100 

mean  99.6 2.5 2.8 94.6 

standard 

deviation 
1.1 1.2 1.2 13.3 

7A.3  DISCUSSION 

The selection algorithm generates a set of AUs corresponding to a local minimum of the objective function.  

AUs are included in a solution because they serve to minimize the objective function.  Therefore, AUs with 

high utility or high irreplaceability scores are those that (1) contain one or more rare targets, (2) contain a 

large number of target occurrences, and (3) have a low relative cost.  AUs with scores at or near 100 are 
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those that were selected in every replicate at the lowest representation level.  To be chosen in every 

replicate the AU must be unique.  That is, the AU contained target occurrences that were found in no other 

AU, contained a substantially larger number of occurrences than other AUs, or contained targets and had a 

substantially lower cost than other AUs.   

Table 7A.15 shows the main targets for the selection of some AUs with high utility scores.  In some cases 

the AU had the only occurrence in the ecosection – AUs 2005, 2232, 2440.  In nine of these examples, the 

AU had one of only two occurrences in the entire ecosection, and because the minimum representation 

level equaled two occurrences per ecosection, these AU had a selection frequency of 100.  In three 

instances – AUs 2123, 2285, 2341 – the AU had relatively high proportions of more than one target.  Three 

of these example AUs had utility scores less than 100.  In each case, the optimal selection algorithm had 

other AUs where the target could be captured.  The other AUs contributed far less toward minimizing the 

objective function, but nevertheless, due to the random search of simulated annealing, these other AUs 

were selected a very small number of times.  

The preceding paragraph explains a surprising result of the analysis.  Most AUs in the Olympic National 

Park, which protect some of the last remaining temperate old-growth rain forests in the United States, had 

lower utilty and irreplaceability values than AUs in southwestern Washington, which consist mostly of 

privately-owned, intensively-managed forest with very little old-growth.  There are two reasons for this, 

one proximal and one ultimate.  First, the proximal reason is that the target occurrence and suitability index 

data are rather uniform across the park.  Hence, the AUs are essentially interchangeable and very few have 

a high selection frequency.  In contrast, some AUs in southwest Washington stand out as unique because of 

rare targets or a very high number of target occurrences.  Second, the ultimate reason is survey effort.  

Private forest managers have funded wildlife surveys throughout southwest Washington, in particular for 

amphibians.  This has lead to high data density in southwest Washington; the data density in Olympic 

National Park is much lower.  More surveys in the park might show more heterogeneity among AUs with 

respect to target occurrences.   

A similar but opposite pattern is seen on Vancouver Island.  Very few AUs on the island have high utility 

or irreplaceablity scores; they are essentially interchangeable.  They appear to be interchangeable because 

very few surveys have been done on these lands which are leased by timber companies.  One cluster of 

AUs with high scores is located in Strathcona Provincial Park.  In this park a small number of AUs contain 

alpine and sub-alpine communities found nowhere else on Vancouver Island.  These rare communities have 

been intensively surveyed.  

The results on Vancouver Island and in Washington State call into question the reliability of utility and 

irreplaceability scores.  These AU scores were strongly influenced by the uneven spatial distribution of 

survey effort.  No or low survey may be effectively equivalent to false negatives.  That is, according to the 

data, a species does not exist in an AU when it actually does exist there.  As a consequence, the utility and 

irreplaceability scores do not reflect reality, and we may be missing some places important for biodiversity 

conservation.  A low cost method for overcoming the lack of occurrence data is to use species-habitat 

models to predict species occurrences (Scott et al. 2002).  However, there were a number of reasons we did 

not use predictive models.  First, we did not have any reasonably accurate species-specific habitat models.  

The ones available to us, (e.g., Cassidy et al. 1997), have low spatial precision and untested accuracy.  

Second, we did not have the resources needed to develop our own models for a large number of verterbrate 

species.  Third, species-specific habitat models have both false negatives and false positives.  False positive 

errors are a major concern.  We don't want to select places for conservation where the species of concern 

don't actually exist.  The prevailing opinion in the scientific literature is that false negatives inherent to 

survey data are likely to be less damaging than the false positives of habitat models.  Freitag and Van 

Jaarsveld (1996) and Araujo and Williams (2000) recommend using only occurrence data because of the 

potential for false positives in habitat models.  Loiselle, B.A (2003) recommends that species-specific 

habitat models be used cautiously.  Given the lack of readily available models of proven accuracy and our 

incapacity to develop our own models, we believed the most cautious approach was to use occurrence data 

(with the exception of marbled murrelets on Vancouver Island).   
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The integrated portfolio combines freshwater, terrestrial, and estuary AUs through a technique known as 

vertical stacking.  Unlike the terrestrial only analysis, the boundary modifier (BM) parameter was greater 

then zero, and therefore, AUs were selected not only for their biodiversity value and suitability but also for 

their adjacency to other AUs.  With BM greater than zero the algorithm will select larger contiguous areas, 

which, in theory, is better for biodiversity conservation.  On the other hand, the reasons for AU selection 

(biodiversity value or AU adjacency) are obscured.  The scores for freshwater class 1 AUs and terrestrial 

AUs were combined to yield a single utility score and single irreplaceability score for each AU.  One result 

was that fewer AUs had scores of 100 relative to the terrestrial only analysis.  This should help to further 

prioritze AUs.  AUs that score high for both freshwater and terrestrial should be higher priorities for 

conservation.  When combining the scores for freshwater class 1 and terrestrial AUs we weighted them 

equally.  One could argue that terrestrial AUs should be weighted more heavily because most of the 

terrestrial data are empirical (i.e., occurrences) as opposed to modeled (i.e., freshwater macrohabitat types).  

The subjective assignment of weights through expert judgment is one shortcoming of our methods that 

must be addressed through the development of more rigorous methods and the collection of more empirical 

data.

Utility and irreplaceability scores are different ways to prioritize places for conservation.  Irreplaceability 

has been the most commonly used index (e.g., Andelman and Willig 2002, Noss et al. 2002, Leslie et al. 

2003, Stewart et al. 2003), and it assumes that land area is the sole consideration for efficient conservation.  

Utility incorporates other factors that can effect efficient conservation such as land management status and 

current condition.  Many AUs attained scores of 100 for both utility and irreplaceability.  Also, the values 

for weighted Spearman rank correlation showed that differences between maps at high scores were less 

than differences at low scores.  These results demonstrate that for scores at or near 100 the cost had little 

influence on selection frequency; occurrence data drove the results.  More importantly, it demonstrated that 

the results are robust.  Under two different assumptions about efficiency (area versus. suitability), the 

highest priority AUs were nearly identical.   

Utility and irreplaceability scores were significantly different for many individual AUs at the middle and 

low end of the utility score range (Figure 7A.5).  This is useful information for prioritization.  AUs at the 

low end of utility (or irreplaceabilty) typically are unremarkable in terms of biodiversity value.  They 

contribute habitat or target occurrences, but they are interchangeable with other AUs.  For these AUs, 

prioritizing on the basis of suitability rather than biodiversity value makes most sense.  If an AU can be 

distinguished from other AUs because conservation there will be cheaper or more successful, then that AU 

should be a higher priority for action.  For these AUs, the utility score should be used for prioritization.   
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FIG 7A.1:  Distribution of AU irreplaceability and utility scores for the terrestrial only analysis. 

FIG 7A.2:  Distribution of AU irreplaceability and utility scores for the integrated 
analysis.  Selection frequencies of overlapping terrestrial and aquatic AUs counted separately. 
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Figure 7A.3:  Distribution of AU irreplaceability and utility scores for the integrated 
analysis.  Selection frequencies of overlapping terrestrial and aquatic AUs summed together. 

Figure 7A.4.  Scatterplot of irreplaceability versus vulnerability.  Each point represents a single AU.  Plot 
divided into quadrants using median values (solid lines) and into sixteen sub-quadrants using quartile 
values (dashed lines).  AUs in the upper right-hand sub-quadrant should be considered the highest 
priority for conservation.   
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Figure 7A.5.  Distribution of distance values calculated from the irreplaceability versus vulnerability plot.  
Distance calculated from the upper right-hand corner of plot: (vulnerability, irreplaceability) = (100, 100).  

Figure 7A.6.  Scatterplot of irreplaceability versus vulnerability showing iso-Euclidean distance contours 
from the (100, 100) corner.  The contours shown are the Euclidean distances that encompass 0.5, 1, 2, 4, and 
8 percent of AUs.  Plot is also divided into quadrants using median values (solid lines) and sub-quadrants 
using quartile values, but only the third quartiles are shown (dashed lines).  Each point represents a single 
AU. 
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Figure 7A.7.  Scatterplot of irreplaceability versus vulnerability showing iso-Euclidean distance contours 
from the (0, 100) corner.  The contours shown are the Euclidean distances that encompass 0.5, 1, 2, 4, and 8 
percent of AUs.  Plot is also divided into quadrants using median values (solid lines) and sub-quadrants 
using quartile values, but only the third quartiles are shown (dashed lines).  Each point represents a single 
AU. 
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Appendix 7B:  Sensitivity Analysis for Terrestrial HUCs 

7B.1  Introduction 

A sensitivity analysis is necessary whenever there is considerable uncertainty regarding modeling 

assumptions or parameter values.  A sensitivity analysis determines what happens to model outputs in 

response to a systematic change of model inputs (Jorgensen and Bendoricchio 2001, pp. 59-61).  Sensitivity 

analysis serves two main purposes: (1) to measure how much influence each parameter has on the model 

output; and (2) to evaluate the effects of poor parameter estimates or weak assumptions (Caswell 1989).  

Through a sensitivity analysis, we can ascertain the robustness of our results and judge how much 

confidence we should have in our conclusions. 

Appendix 6 explains the inputs to the site selection algorithm.  The input with the greatest uncertainty is the 

cost index.  The cost index is not a statistical model – variable selection and parameter estimates for the 

index were based on professional judgment.  For this reason, our sensitivity analysis focused on the index.  

Other assessments have incorporated a cost index or something similar into an optimal site selection 

algorithm (Davis et al. 1996, Nantel et al. 1998, Stoms et al. 1998, Davis et al. 1999, Lawler et al. 2003).  

Only Davis et al. (1996) and Stoms et al. (1998) investigated the sensitivity of site selection to changes in 

their index.   

The sensitivity analysis was done only for the terrestrial portion of the conservation utility maps because: 

(1) the terrestrial data have a greater influence on the portfolio than the freshwater data; (2) terrestrial 

environments and species have been more thoroughly studied, and therefore, our assumptions about 

terrestrial biodiversity are more robust than for estuary or freshwater biodiversity; and (3) the terrestrial 

portfolio has the greatest potential influence on land use planning and policy decisions affecting private 

lands. 

7B.2 Methods 

We explored sensitivity to the cost index by altering the index’s parameter values, running the selection 

algorithm with the new index, and then quantifying the resulting changes in the conservation utility map.  

Recall that the terrestrial cost index equation is a weighted geometric mean: 

 cost  =  [suitability a  •  HUC area b ] ^ [1/(a+b)]     (1) 

where a + b = 1, suitability and HUC area are normalized to a maximum value of 1, and 

 suitability =  d • management status  +  e • %converted land  +  f • road density (2) 

where d + e + f  = 1; and management status,  %converted land,  and road density are all normalized to a 

maximum value of 1. 

The values for parameters a, b, d, e, f were determined by expert opinion.  These values along with the 

changes used in the sensitivity analysis are given in Table 7B.1.  In total, 25 different tests were done.  The 

adjusted parameter value could not exceed 1 and the other parameters were adjusted so that they all still 

summed to 1.  Only the cost index parameters were changed; none of other inputs to the selection algorithm 

used to produce the original utility map were changed.  We changed only a one parameter at a time, and 

hence, did not investigate interactions between or amongst index parameters.  The utility map was 

generated as explained in Chapter 7.   
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Table 7B.1.  Cost index parameter values and amount of change used for sensitivity analysis. 

parameter original value incremental changes 

a 0.75 ± 0.05, ±0.10, ±0.15, ±0.20, ±0.25 

b 0.25 ± 0.05, ±0.10, ±0.15, ±0.20, ±0.25, +0.50, +0.75 

d 0.48 ±0.10, ±0.20, ±0.30 

e 0.30 ±0.10, ±0.20, ±0.30 

f 0.22 ±0.10, ±0.20,  +0.30, -0.22 

Resulting changes in the algorithms output were quantified several ways.  First, three similarity measures 

were calculated to compare the conservation utility maps generated: mean absolute difference in utility, 

Bray-Curtis similarity measure, and Spearman rank correlation (Krebs 1999; pp 379-386).  The Bray-Curtis 

similarity measure normalizes the sum absolute difference to a scale from 0 to 1.  Because utility will be 

used for prioritizing AUs, the rank correlation is particularly informative.  Rank correlation told us how the 

relative AU priorities changed in response to changes in the cost index.  Because we were interested in 

prioritizing AUs, we also calculated and the mean absolute difference in rank.  We were especially 

interested in how the ranks of the most highly ranked AUs (i.e., AUs with highest utility scores) would 

change.  To examine this, we also calculated: (1) a weighted Spearman rank correlation using Savage 

scores (Zar 1996, pp. 393-395) with highly ranked AUs contributing more heavily to the rank correlation 

value; and (2) the mean absolute change in rank for only AUs with original rank equal to 1.  When 

calculating rank correlation, AUs that had tied ranks were given the mean of the ranks that would have 

been assigned had they not been tied (Zar 1996, p. 150).  When calculating mean absolute difference in 

rank, all AUs that had tied ranks were assigned the lowest rank and the next highest rank was assigned to 

the next AU that was not tied to these AUs.  Each similarity measure gives a single number that indicates 

the degree of change.  They can be used to determine which cost index parameter has the most influence on 

the utility.  Parameters with more influence will cause a larger change in the similarity measures.  

Second, we determined whether the degree of change caused by altering a cost index parameter was 

statistically significant.  This was done by testing the following hypothesis for mean absolute difference:   

H01:   difference between map X and map Y is significantly less than the expected 

difference between the map X and a random map; 

HA1:  difference between map X and map Y is equal to or significantly greater than the 

expected difference between the map X and a random map, 

and for the Bray-Curtis similarity measure and Spearman rank correlation, this hypothesis: 

H02:   similarity between the map X and map Y is significantly greater than the expected 

similarity between the utility map and a random map; 

HA2:  similarity between the map X and map Y is equal to or significantly less than the 

expected similarity between the map X and a random map, 

where map X and map Y are the original utility map and the altered utility map, respectively. 

Both null hypotheses mean that there is no significant difference between the original and altered maps.  If 

the observed similarity measure is significantly less than (or the distance significantly greater than) that 

expected from chance, then the null hypothesis is false, and we can say that the original and altered maps 

are different.  For Spearman rank correlation, the alternative hypothesis is equivalent to r  0.  The 

hypotheses were tested using a randomization test (Sokal and Rohlf 1995, pp. 808-810).  Random utility 

maps were generated by reshuffling the utility values among AUs (i.e., random sampling of utility values 

without replacement).  One thousand random utility maps were compared to the real map using the four 

measures of similarity.  The proportion of times that the difference between the original utility map and 
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altered map is smaller (or the similarity is larger) than the difference between the utility map and the 1000 

randomly generated maps equals the probability that original map and altered map are significantly 

different.  This is similar to the technique employed by Warman et al. (2004).  This was a one-tailed test of 

significance with  = 0.05.  Values for other inputs to the algorithm are given in Table 7B.2. 

Third, a contingency table analysis was done to compare the utility values of paired AUs from the original 

and altered maps.   The log-likelihood ratio method (Zar 1996; pp. 502-503) was used to test the following 

hypotheses:

H03:   AU selection is independent on cost index parameter value 

HA3:   AU selection is dependent on cost index parameter value 

Paired AUs were considered to be significantly different for P <= 0.05.

Table 7B.2.  Values for SITES parameters used in all sensitivity analyses of terrestrial conservation 
utility map.  

Parameter Function value 

Algorithm  Type of optimization routine 
simulated 

annealing

Replications
Number of times to repeat optimization per 

representation level 
25

Iterations Number of times to create new combination of AUs 2,000,000 

Boundary modifier 
Weighting factor for “cost” of AU perimeter.  

Encourages clusters of AUs 
0

Target penalty factor 
weighs “cost” of not meeting a target’s representation 

level 

automatically 

set 

Representation level amount of target the algorithm must capture 

10 levels, 

same as 

Chapter 7 

AU status Initial selection state of each AU 
0  for all 

hexagons

Cost Index indicates likelihood of successful conservation at AU equation 1 

7B.3 Results

Changes to cost index parameters result in changes in AU utility scores (Figure 7B.1).  A linear regression 

shows a significant (p < 0.0001) but weak relationship (r2= 0.20) between change in cost index and change 

in utility scores – as the AU cost decreases the utility score increases.  A regression which includes only 

AUs with significant change in AU score (according to the contingency table analysis) shows a stronger 

relationship – r2= 0.32.  For 15 percent of AUs the relationship between change in utility and change in cost 

did not follow the general trend.  That is, cost increased and utility increased, or cost decreased and utility 

decreased.  This counter-intuitive result occurs because AU selection is based on relative cost.  An AU’s 

cost and utility can both decrease if many AUs with the same targets have a much greater cost decrease.   

Parameters a and b, which control the influence of AU suitability relative to AU area, had the largest effect 

on conservation utility values.  For all incremental changes, changes to parameter a (and b) resulted in the 

largest mean absolute difference (Figure 7B.2), the smallest Bray-Curtis measure (Figure 7B.3), and the 

smallest Spearman rank correlation (Figure 7B.4).  Amongst the suitability index parameters (d, e, and f), 

equal incremental changes in parameter value resulted in about the same result for each similarity measure 

but changes to e usually had a smaller effect on the original utility map than the same change to d or f 
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(Figures 7B.2, 7B.3, 7B.4).  For all incremental changes to all parameters, the null hypothesis was accepted 

for all similarity measures.  The differences between the original utility map and the altered map were 

minor for all parameter changes except one: b + 0.75.  For this parameter change, the mean absolute 

difference equaled 23 and the Spearman rank correlation equaled 0.684 but the randomization test accepted 

the null hypotheses nevertheless.    

Spearman rank correlations between the original and altered utility maps were greater than 0.925 for all 

parameter changes except one: b + 0.75 (Figure 7B.4).  Greater than 0.925 is an extremely high correlation, 

and the weighted Spearman rank correlation shows that correlations were even higher among AUs with 

high rank (Table 7B.3).  

Upon examining distributions for mean absolute difference in utility, the results for the similarity measures 

were not surprising (Figure 7B.5).  Each was a steep exponential distribution.  Changes in parameter a of 

±0.25 caused no utility score change in over half of AUs (53% for -0.25, 61% for +0.25), and over 75% of 

AUs changed utility by ±2.0 or less (77% for -0.25, 81% for +0.25).  Even for the largest change in a (-

0.75), 68% of the AUs changed utility by 10 or less.   

Table 7B.3.  Comparison of Spearman rank correlation and weighted Spearman rank correlation for a 
subset of suitability index parameter changes.  For parameters d, e, and f, changes of smaller 
magnitude resulted in larger values for rank correlation. 

parameter 

change parameter values 

Spearman rank 

correlation

weighted Spearman 

rank correlation 

b - 0.25 a = 1,       b = 0 0.965 0.980 

b + 0.25 a = 0.5,    b = 0.5 0.964 0.988 

b + 0.50 a = 0.25,  b= 0.75 0.927 0.970 

b +0.75 a = 0,       b = 1 0.684 0.878 

d + 0.3 d= 0.78,    e= 0.127,  f= 0.093 0.985 0.992 

e + 0.3 d= 0.274,  e= 0.60,    f= 0.126 0.984 0.992 

f + 0.3 d= 0.295,  e= 0.185,  f= 0.52 0.982 0.990 

d - 0.3 d= 0.18,    e= 0.473,  f= 0.347 0.973 0.986 

e - 0.3 d= 0.686,  e= 0,         f= 0.314 0.989 0.996 

f - 0.3 d= 0.615,  e= 0.385,  f= 0 0.986 0.993 

According to the similarity measures there was little overall difference between the original and altered 

utility maps.  However, many individual AUs did change and some showed statistically significant changes 

in utility (Figure 7B.6).  A plus or minus 0.25 change in parameters a or b caused 47% of AUs (n=2707) to 

change utility scores, but only 7.8 percent of AUs had a statistically significant change.  When b was 

changed by 0.75 (a=0, b=1), over three-quarters of AUs change utility score and nearly half (45.8%) had a 

statistically significant change.  Utility scores were much less sensitive to changes in parameters d, e, and f 

(Figure 7B.7).  For the biggest changes in d, e, and f (±0.3), between 33.4 and 39.0 AUs changed utility 

score, but only between 1.2 and 6.4 percent had significant changes.  Utility scores were least sensitive to 

changes in e.  

Since utility will be used to prioritize AUs for conservation, the sensitivity of AU rank to changes in the 

cost index is especially important.  We restricted this analysis to AUs that were highly ranked.  For AUs 

with rank greater than 100 (lowest possible rank was 197), changes to a and b produced symmetric results 

in mean absolute change in rank for changes up to ±0.20 (Figure 7B.8).  That is, equal incremental changes 

in a and b produced nearly the same mean absolute change in rank.  Changes to parameters a or b caused 

bigger changes in rank than those caused by d, e, or f.  Amongst parameters d, e, and f, no parameter 

consistently caused the biggest or smallest mean absolute change in rank, and the relationship between 

changes in parameter values and change in rank were nonlinear.  A -0.3 change to d caused the biggest 
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change in mean absolute rank amongst all changes to d, e, and f.  In contrast, the mean absolute change in 

rank was smaller for a 0.3 change in d than for 0.3 changes to e and f.   

For AUs with the rank equal to 1 (i.e., utility = 100), equal changes to a and b produced asymmetric results, 

i.e, the response was nonlinear (Figure 7B.9).  Increasing the influence of area and decreasing the influence 

of suitability (i.e., increasing b, decreasing a) had little effect on mean absolute change in rank up to a 

change of 0.25, but decreasing the influence of area and increasing had a much greater effect on rank.  

Changes to d, e, and f resulted in small changes in rank.  Mean absolute change in rank was less than 1.0 

for all changes except one: -0.3 change to d, which resulted in a value of 1.2.  Increases in a (or decreases 

in b) resulted in mean absolute changes in rank that were 2 to 3 times greater than those produced by 

comparable changes to d, e, or f.  However, most of the change in rank caused by increases in a were due to 

a small number of AUs undergoing large changes in rank.  For instance, a 2.1 mean absolute change in rank 

was produced by a change in only 11 of 189 AUs (5.8%).  In fact, very few AUs with rank equal to 1 

changed rank in response to changes in any of the parameters (Figure 7B.10).  The greatest number of top-

ranked AUs that changed was 15 of 189 (7.9%) in response to a 0.25 increase in a (0.25 decrease in b).   

Changes in utility due to changes in the cost index can also be examined spatially.  Maps 1 and 2 show 

changes in utility in response to changing parameter a (and b) plus and minus 0.25, respectively.  As 

expected, changes to AU utility are of opposite sign on maps 1 and 2 in most cases (55%).  The objective 

function of the selection algorithm has two terms – one dealing with AU cost and one dealing with target 

representation.  The map depicts AU sensitivity to the former term.  Many AUs (28%) had no change in 

utility on either map.  These AUs are insensitive to this degree of change in a, and, in effect, the targets are 

the main drivers for selection of these AUs.  In Washington, AUs that change utility are mainly 

concentrated in the Olympic Peninsula.  There are two reasons for this, one proximal and one ultimate.  

First, the proximal reason is that the target occurrence and suitability index data are rather uniform across 

the park.  Changes in relative utility are mostly due to changing the relative importance of the suitability 

and area factors in the cost index.  Second, the ultimate reason is occurrence data.  Ecological distinctions 

among AUs are based mostly on occurrence data, but the data density in Olympic National Park is rather 

low.  In short, for these AUs the cost term of the objective function is dominating the target representation 

term.  Similar but opposite reasoning explain why some AUs did not change utility scores to this degree of 

a change in parameter a (and b).   

The sensitivity of rank to changes in cost is nonlinear.  A closer look at the relationship between cost, 

utility, rank, and target occurrences for a subset of AUs (Table 7B.4) reveals the basis for the nonlinear 

relationship.  Some AUs do not change utility or rank regardless of the degree of change in cost.  In some 

cases, such AUs had the only occurrence in the ecosection  (AUs 2005, 2232 in Table 7B.4).  In four of the 

examples, the AU had one of only two occurrences in the entire ecosection, and because the minimum 

representation level equaled two occurrences per ecosection, these AU had a selection frequency of 100.  In 

another example – AU 2285 – the AU had relatively high proportions of more than one target.  Some AUs 

can be highly sensitive to changes in cost.  For instance, the normalized cost of AU 2098 changed by 0.4 

but its rank went from 61 to 6 (375 AUs had a rank higher than 61, 207 AUs had a rank higher than 6).  In 

contrast, other AUs were insensitive to changes in cost.  The normalized cost of AU 2200 changed by 34.4 

but its rank changed by 1, from 58 to 59.  Some AUs have low cost and relatively rare targets but still have 

a low rank (e.g., AU 2089).  Again, this is due to its cost relative to AUs with an intersecting subset of 

targets and also the value of its total biological contents relative to other AUs with an intersecting subset of 

targets.  For a small number of AUs (15 percent), changes in cost and utility had the same sign (e.g., AUs 

2098 and 2122).  Again, this happens because AUs with an intersecting subset of targets had larger 

increases in cost.   

The sensitivity of rank to changes in cost is nonlinear but operation of the algorithm is not counter-

intuitive.  As already demonstrated in (Figure 7B.1), the examples in Table 7B.4 show that changes in cost 

and utility are most often inversely related.  Rank nearly always changes in the same direction as utility.  

AUs with moderate normalized cost and moderately rare targets have moderate rank (AU 2435).  AUs with 

very little biological value had low rank regardless of cost (AUs 2122 and 2455), and AUs with rare targets 

have high rank regardless of cost (e.g., AUs 1935, 2309, 2452).   
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7B.4  Discussion

The basic conclusion of the sensitivity analysis is that AU utility and rank change in response to changes in 

the suitability index.  Similarity measures that compare “before” and “after” utility maps of the entire 

ecoregion indicate that the overall map is relatively insensitive to changes in suitability index parameters.  

That is, the average change over all AUs is small.  However, the utility and rank of many AUs do change 

and some exhibit significant changes.  The number of AUs that change depends of which index parameter 

is changed and the amount of change to that parameter.  Of the five index parameters, a and b (which are 

complementary) have the biggest effect on utility.   

We investigated the sensitivity of the utility map to changes in the cost index because of our uncertainty 

about the index.  The variable selection and parameter estimates for the index were based on professional 

judgment.  The results of the sensitivity analysis have two implications for conservation planning.  First, 

highest priority AUs (about ranks 1 through 10; the top 218 AUs) are rather robust to changes in the 

suitability index.  Therefore, regardless of the uncertainties in the cost index, we can be confident about the 

most highly ranked AUs.  These AUs were selected mainly for their relative biological value, not relative 

cost.  For similar reasons, the lowest ranked AUs (rank less than about 100), tend to be robust to changes in 

the cost index – they maintain a low rank because they have little relative biological value.  Second, the 

utility of moderately ranked AUs (rank less than 10 and greater than 100; about 319 AUs), is sensitive to 

changes in the cost index.  When choosing among AUs of moderate rank we must explore how our 

assumptions about cost and suitability affect rank.  

The results of the sensitivity analysis put extra emphasis on the proper use of SITES or any optimal site 

selection algorithm.  AU priorities are influenced by the cost index, but the cost index relies heavily on 

subjective judgments.  Software like SITES is often referred to as “decision support tools.”  Such tools can 

best support decisions by enabling us to explore the effect of various assumptions and differing opinions.  

Both Davis et al. (1996) and Stoms et al. (1998) did the equivalent of a sensitivity analysis for their 

suitability indices.  However, they referred to their different indices as “model variations” or “alternatives”; 

an implicit recognition that different sets of assumptions had equal validity.  To address uncertainties in 

cost indices, AU priorities, especially for moderately ranked AUs, should be derived from several different 

analyses using different indices.  This will enhance the robustness of analytical results and lead to more 

confident decision making.   

The other major source of uncertainty in this assessment was the biological data – both the ecological 

systems map and the target occurrence data.  The potential consequences for optimal site selection of 

incomplete (Freitag and Van Jaarsfeld 1998, Gaston and Rodrigues 2003, Gladstone and Davis 2003) or 

inaccurate (Flather et al. 1997, Polasky et al. 2000) biological data have been investigated.  Not 

surprisingly, each study found that inaccurate data will substantially alter the results of site selection.  

However, Gaston and Rodrigues found that incomplete species surveys, that is, surveys with low or zero 

survey effort in portions of a region, may not substantially alter the results of site selection.  This is because 

biologists bias surveys toward places where they think species will be found and such places tend to have 

peaks in species abundance.  While we are not completely certain about the occurrence data, it is the best 

information we have.  Survey data have errors, but recent data (less than about 5 years old) are more likely 

to have false negatives than false positives.  False negatives are preferred over false positives, because we 

don't want to select places for conservation where targets don’t actually exist (Freitag and Van Jaarsveld 

1996, Araujo and Williams 2000).  In short, we have to work with the occurrence data we have, and unlike 

the cost index, we cannot readily alter the occurrence data in a way that will give us greater confidence in 

AU prioritization.   
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Figure 7B.1  Relationship between percent change in cost index and change in utility score for a 
=0.25, b=0.75.  One point for each AU; 2707 total points.  Light gray points correspond to AUs with 
significant change in utility score.  Dark line: regression for AUs with change in utility score (r

2
=0.20, 

p<0.0001).  Light line: regression for AUs with significant change in utility score (r
2
=0.32, p < 0.0001) 

Figure 7B.2  Mean absolute difference between original utility map and map resulting from changes 
to cost index parameters.  Since a+b =1, change to parameter a equals the opposite change in b.   
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Figure 7B.3  Comparison using Bray-Curtis measure of similarity of original utility map and map 
resulting from changes to cost index parameters.  Bray-Curtis values for d, e, and f are nearly the 
same.  Since a+b =1, a change to parameter a equals the opposite change in b.   

Figure 7B.4.  Comparison using Spearman rank correlation of original utility map and map resulting 
from changes to cost index parameters.  Spearman rank correlation values for d, e, and f are nearly 
the same.  Since a+b =1, change to parameter a equals the opposite change in b.   
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Figure 7B.5.  Distribution of values for absolute difference in utility for four values of cost index 
parameter a.  Original parameter value was a =0.75.  Total number of AUs equals 2707.  Since a+b =1, 
change to parameter a equals the opposite change in b.   

Figure 7B.6.  Percent of all AUs with changed utility values as a result of changing cost index 
parameters a and b.  dashed lines: percent of AUs that changed; solid lines: percent of AUs with 
significant change.  Since a+b =1, change to parameter a equals the opposite change in b.  
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Figure 7B.7.  Percent of all AUs with changed utility values as a result of changing cost index 
parameters d, e, and f.  dashed lines: percent of AUs that changed; solid lines: percent of AUs with 
significant change. 

Figure 7B.8.  Mean absolute change in rank in response to changing each cost index parameter; only 
AUs with rank equal to or greater than 100 (537 AUs; lowest possible rank was 197).  Since a+b =1, 
change to parameter a equals the opposite change in b.   
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Figure 7B.9.  Mean absolute change in rank in response to changing each cost index parameter; only 
AUs with original rank equal to 1 (utility score equal to 100).  189 AUs had original rank equal to 1.  
Since a+b =1, change to parameter a equals the opposite change in b.   

Figure 7B.10.  Percent of AUs that changed rank in response to changing each cost index parameter; 
only AUs with original rank equal to 1 (utility score equal to 100).  189 AUs had original rank equal to 
1.  Since a+b =1, change to parameter a equals the opposite change in b.    
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Appendix 8A: Automated Integration of Aquatic and 
Terrestrial Site Selection 

8A.1  Introduction 

Efficiency has emerged as one of the fundamental principles in conservation planning.  As planning has 

evolved, a wider variety of targets (i.e., species and vegetation/habitat types) have been brought into the 

process.  Whereas the earliest conservation plans focused only on imperiled species, later plans have 

focused on all known species and/or vegetation types, both terrestrial and aquatic.  To deal with this 

complexity, some sort of automated site selection algorithm like SITES or MARXAN is commonly used to 

create a map of conservation priority areas (Andelman et al. 1999, Ball et al. 2000, Possingham et al. 

2000). 

One challenges to conservation planning is how to efficiently protect both aquatic and terrestrial targets 

into a single suite of conservation areas.  Some plans have analyzed terrestrial and aquatic species and 

systems separately then attempted to merge the results through expert judgments. Others have analyzed 

both target types together in one layer of assessment units (AUs) and allowed the computer to find an 

optimal solution.  A third approach is to merely overlay the outputs of a terrestrial and aquatic assessment.  

These three approaches have serious shortcomings.  The expert integration may be feasible for small areas, 

but large-scale planning efforts often cover millions of hectares.  It is simply impossible for humans to 

synthesize enough information to ensure efficient outcomes.  Analyzing both aquatic and terrestrial realms 

with the one-layer approach pushes some portion of the solution into unsuitable sites for some targets. Site 

selection algorithms look at the world through the lens of a suitability index which incorporates a 

combination of factors such as road density, percent land conversion or monetary value.  An index crafted 

for an aquatic species will have little relevance for upland terrestrial systems.  Similarly, an index crafted 

for both realms will tend to mask impacts specific to a single realm.  The simple overlay of the independent 

assessments is perhaps the most robust solution, but often leads to a massive conservation portfolio.  As 

identifying areas where it makes good sense to work on both aquatic and terrestrial systems at the same 

time is not an explicit criterion, any opportunities for efficiency will be overlooked.  

For the PNW Coast Ecoregional Assessment we used a technique that allows planners to analyze different 

target types simultaneously by using multiple layers of AUs crafted to match the natural boundaries of the 

targets being assessed with suitability indices incorporating impacts specific to those targets.  This 

technique, vertical integration, enables planners to identify a conservation portfolio which capture the best 

locales for each target group, while simultaneously looking for efficiencies by seeking overlap in areas 

where multiple target types may be effectively conserved at once. 

8A.1.1  The Vertical Integration Concept 

SITES require that all species and ecological system information for a planning area be attributed to wall-

to-wall coverages of AUs, usually small-scale watersheds or hexagons of several thousand hectares.  A 

computer then examines millions of AU combinations, and chooses the best combination from among them 

that meet the goals at the smallest cost.  The best output of the site selection algorithm then becomes the 

departure point for human planners to review and modify to craft a final conservation portfolio.  This cost 

is the combination of the sum of the suitability index for all the selected AUs and the sum of penalties for 

not achieving desired goal levels combined with the sum of the boundary length, a measure of the outer 

perimeter of all selected AUs.  Boundary length is proportional to fragmentation.  A conservation portfolio 

comprised of many small, isolated patches will have a larger boundary length than one comprised of fewer, 

large patches.  

One concern of conservation area planning is preserve fragmentation.  In order to address this concern, 

automated assessments utilize the length of the conservation area perimeter to apply a penalty for 



PNW Ecoregional Assessment •Appendix 8A,  page 2 of 10 

fragmentation.  Groupings of contiguous AUs have a shorter total perimeter, as the edge/area ratio is 

smaller than in a conservation area comprised of isolated AUs (Figure 8A.1).  SITES utilize a “boundary 

modifier” parameter to control the degree of clustering.  This works by altering the penalty for 

fragmentation.  As the computer examines possible AU combinations, the tendency to prefer solutions with 

contiguous groupings of AUs increases as the boundary modifier is increased.  

In vertical integration, the boundary relations between AUs are used to allow the model to recognize that 

two or more polygons stacked upon each other are also adjacent.  In these situations the model attempts to 

minimize the length of the total solution boundary by clustering vertically through a stack of AUs (Figure 

8A.2).  If the boundary modifier is set to 0, the solution will pick the minimum number of AUs from each 

layer to meet the goals with no regard for adjacency.  As the boundary modifier is increased, the 

importance of clustering, horizontally as well as vertically, is increased.  This 3-dimensional approach 

mimics GIS analysis though no spatial analysis is involved in the selection algorithms.  

Figure 8A.1: Both of these selections of AUs have the same area. The right hand 

grouping has a perimeter more than twice as long as the left grouping. 

Figure 8A.2: A schematic demonstrating the boundary relations between stacked and 
horizontally adjacent AUs. Each AU must relate to all other AUs above or below it, and in 

some cases, from side to side. 
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A major advantage of vertical integration is that it frees planners from using the same AU polygons for all 

targets.  It is often quite useful to use polygons which more closely match the natural expression of a target 

type.  Aquatic systems, for example, are often classified as nesting polygons of increasing watershed size.  

Tributary and headwater drainages (Class 1) nest within small river drainages (Class 2), which in turn nest 

within large river drainages (Class 3).  These classes of watershed can all be represented by polygons 

depicting their full contributing area.  Their nesting is utilized with the vertical analysis so that each 

polygon is aware of all the polygons contributing to it, or which it contributes to.  This larger, landscape 

scale context is a key advantage of this technique.  The selection of the larger watersheds is greatly 

influenced by their attraction to basins with a greater selected proportion of their constituent tributaries.  

Techniques which rely on only one layer of AUs will often only select isolated reaches with no regard for 

their relation to the larger stream network.  

Multiple AU layers allow specific, relevant information for each target group to be factored into the 

suitability index.  In the one-layer approach, a single suitability value was expected to account for all 

conditions which may impact any target group.  This works well for pristine or heavily degraded AUs with 

similar degrees of impact to all targets, but fails where impacts are specific to one target group.  A fish 

hatchery, for example, may threaten a wild salmon stock but present no danger at all to a ridgeline plant 

species.  In the one-layer approach several AUs can have similar suitability values, but each may be 

inappropriate for one target group while well suited for conservation of another.  With vertical integration 

the aquatic suitability index can factor in the hatchery while the terrestrial index is free to ignore it. 

The majority of AUs for any target group are interchangeable in that many different combinations of AUs 

can meet similar proportions of goals at similar costs.  Vertical integration attempts to maximize the 

overlap between layers, allowing the site selection algorithm to actively seek efficiencies while maintaining 

the discrimination to avoid sites where conditions are unsuitable for a specific target group.  The outputs 

from a vertically integrated solution offer more specific information about the conservation portfolio.  

Where does it make sense to capture all targets or to capture target groups individually?  

8A.1.2  The Mechanics of Vertical Integration 

SITES utilizes a file that contains the lengths of shared boundaries between adjacent AUs to determine how 

to cluster AUs into conservation areas.  This file is the key to the proper functioning of vertical integration.  

Let’s examine the simplest vertical integration, two spatially identical AU layers: one for aquatic and 

another for terrestrial targets.  The length of each boundary between all adjacent terrestrial AUs is 

measured.  These relations are then stored in the boundary relations file.  The aquatic AUs will then be 

related to the terrestrial AUs they overlap.  In this case the aquatic and terrestrial AUs are spatially 

identical; the length of their shared boundaries could be measured as the area of the polygons, or set at 

some synthetic value.  We will initially set all of the aquatic-terrestrial boundaries at the mean of the 

terrestrial to terrestrial boundaries, so the model will generally be as likely to clump upwards through the 

stack as from side to side within a layer.  These relations will also be stored to the boundary relations file.  

Two components will be part of the complete boundary relations file; the traditional boundary relations 

between the terrestrial AUs, and the relations of the aquatic AUs to the terrestrial AUs they overlap.  

An iteration of  SITES begins with any "locked in" AUs that should be part of any conservation area, and a 

partial random selection of additional AUs.  All selected AUs will then be scored for how well they meet 

target goals, the total cost of the solution, and total length of boundary.  All exposed boundaries of selected 

AUs are included in the boundary length score.  In vertical integration, those exposed boundaries will also 

include the values relating a selected AU with other non-selected AUs above or below it.  For example, we 

are using 2 layers of AUs stacked in our analysis.  If a terrestrial AU and the aquatic unit above it are both 

selected, there will be no penalty in the vertical plane, while a terrestrial unit selected without any 

corresponding aquatic AU would accrue a penalty.  Similarly, the aquatic AUs would accumulate penalties 

for the unselected terrestrial AUs beneath them.  Solutions which maximize the overlap between AU layers 

will be favored by the algorithm.  However, the algorithm is not forced to select overlapping AUs in all 

cases.  If the costs of an AU are prohibitive, or if the conservation targets in an AU are no longer required 

to meet goals, the algorithm can choose to forgo its selection even when the unit above or below it has been 

selected.
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The boundary modifier parameter determines the strength of association between layers.  If the weighting is 

set to 0, AUs required to meet the goals at a low cost are selected without regard for adjacency.  At low 

weightings the effects of clustering will begin to be seen.  A high weighting will clump so tightly that 

virtually every selected terrestrial AU will correspond with a selected aquatic unit, and the patch size of the 

terrestrial conservation areas will increase dramatically.  It is important to remember that as the weighting 

increases more extraneous AUs will be selected merely to reduce the exposed boundary of the conservation 

area.  Iterative runs, with increasing boundary penalty weightings, will allow the planning team to select the 

level at which clustering is appropriately balanced with the size of the total conservation area.  

8A.2  Methods 

Targets were broken into several groups, terrestrial, estuarine, freshwater aquatics (3 size classes), and 

near-shore marine.  Assessment units were crafted for each group and separate suitability indices were 

calculated for each.  Each target group was analyzed in a stand-alone fashion to see what the ideal 

automated solution might be for that group.  All target groups were then run in a vertically integrated 

analysis, the solutions decomposed into their constituent layers and compared back to their original stand-

alone runs to gauge the sacrifices made by any target group to accommodate integration with the others.  

Iterative runs also allowed us to weight the groups appropriately (by scaling their suitability and boundary 

values) so no one target group was dominating the outcomes.  The final conservation portfolio met goals 

for virtually every target, with all targets having an influence in the outcome.   

The terrestrial group was attributed to small-scale watersheds approximately 2,500 ha in size.  These were 

chosen because they cover the full extent of the ecoregion and make ecological sense to many of our 

partners and reviewers.   

The aquatic group was represented by three classes of nesting polygonal watersheds, tributary and 

headwater drainages less than 100 km² (Class 1), small river drainages between 100 - 1000 km² (Class 2), 

and large river drainages more than 1000 km² (Class 3).  These three classes of watershed were all 

represented by polygons depicting their full contributing area.  The Class 3 polygons contain the Class 1 

and 2 polygons contributing to them, and the Class 2 polygons encompass the Class 1 polygons which 

contribute to them.  Some watersheds do not drain into others, for example, when a small coastal creek 

flows directly into the ocean.  For the vast majority of watersheds, however, this nesting was a key to the 

analysis as each polygon was made aware of all the polygons contributing to it, or which it contributed to.   

The near-shore marine AUs were line segments corresponding to reaches of shore-zone habitat; unique 

combinations of substrate, wave exposure, and biotic assemblage.  Their length of overlap (in meters) with 

the terrestrial or estuarine polygon they were nearest was used as the length of shared boundary in the 

boundary file. 

Estuaries were represented by polygons.  In the US portion of the ecoregion, those polygons were defined 

by salinity zones and estuarine vegetation.  On Vancouver Island they were merely polygonal depictions of 

the extent of each estuary.  Vancouver Island estuaries tend to be quite small, as they often occur at the 

heads of narrow fjords, and are fed by smaller streams.  To give our model the context to discriminate 

between these estuaries the sum of the shore-zone habitats intersecting each was attributed to the polygons.   

Each of these planning unit layers had suitability information tailored specifically for the targets within 

them.  Each group was run in a stand-alone analysis, with the "best" output of each (10 runs, 5,000,000 

iterations each, boundary modifier 0.1) saved as the benchmark to gauge future solutions during the 

integration process.   

All target layers were combined into one analysis using the "vertical integration" technique.  We had earlier 

determined that a boundary modifier of 0.1 was optimal to achieve appropriately sized clumps in our 

terrestrial solution without many extraneous AUs.  However, we wished to ensure that the overlap between 

layers was maximized in the integrated solution without sweeping lots of extraneous AUs into the solution.  
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Increasing the boundary modifier would unfortunately have that effect.  Instead, we held the boundary 

modifier at 0.1, and increased the boundary values between layers in the boundary relations file.  The initial 

boundaries between layers were set at the overlap of AU polygons in hectares.  Boundary values between 

the terrestrial and aquatic assessment unit layers were set at 10,000 for run 1 and increased by 20% for each 

successive run.  As the values increased, the overlap between layers also increased to reduce the exposed 

boundary of the stacked layers.  This iterative process was repeated until the costs of one of the constituent 

solution layers began to spike (Figure 8A.3).  The run previous to that spike, in this case the fourth 

iteration, was then used to identify the integrated conservation area.  As the values of the boundaries 

between layers increased, the area of overlap between layers also increased, while the costs of the solutions 

remained fairly flat.  The solutions were shifting to allow targets, for which multiple combinations of 

planning units at similar costs could meet goals, to accommodate integration.  As a comparison, all targets 

were attributed to a single layer of AUs for a traditional one-layer analysis.  Suitability values for these 

AUs were set at the average of the corresponding terrestrial and aquatic AU’s suitability scores.  All other 

weightings and settings were held constant.  The outputs for both scenarios were compared for the Olympic 

sub-section of the PNWC assessment.  This subsection was chosen at it had the tightest coincidence 

between the aquatic and terrestrial sub-sectional boundaries (Figure 8A.4).    

SITES only sees the cost of the total solution, but decomposing the vertical solution into its constituent 

layers allows the tracking of the costs of all layers in the solution (Figure 8A.3).  The costs of the solutions 

remain fairly flat until the point at which the increased boundaries between layers begin to have a greater 

influence in the objective function than the suitability values of the assessment units.  In this case run 6 

represents a local minima with the costs of the aquatic and terrestrial solutions as low or lower than in the 

stand-alone runs for those realms, followed by rapidly increasing costs as the boundary values begin to 

overwhelm costs in the Objective function.  The overlap between layers will continue to increase as long as 

the boundary values between layers do, but after run 6 those gains in overlap are more than offset by the 

increase of the costs of the solution, representing the increasing proportion of sub-optimal assessment units 

in the solutions to maximize overlap.  Run 6 was chosen as the starting point for integration.   
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Figure 3: Change in “cost” for terrestrial and aquatic portions of “best” solution and 

increase in overlap of terrestrial and aquatic portions as BM is increased.   
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Figure 8A.4: Comparison between vertically-integrated and one-layer automated site 
selection methods.  Area shown is Olympic Peninsula in the Pacific Northwest Coast 

Ecoreigon.   
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The goals were generally met well by both analyses (Table 8C.1).  The combined footprint of the vertically 

integrated terrestrial and aquatic conservations area within the Olympic Peninsula sub-region was 521,677 

ha.  The footprint for the one-layer conservation area was 558,202 ha, 7% larger (Figure 8A.4).  A better 

comparison of the performance of the different analysis may be the Elwa River.  The vast majority of the 

Elwa River drainage is within Olympic National Park.  The uplands surrounding the river are in exquisite 

condition with large tracts of old growth forest.  Unfortunately, one of the largest dams in the PNWC sits 

low in the watershed, providing hydropower for the region.  25,000 ha of the Elwa watershed were selected 

by the one-layer methodology, applying all of the aquatic systems they contained towards the goals.  In the 

vertically integrated approach none of the Elwa appears in the aquatic solution, but large portions are in the 

terrestrial portion of the solution.  This is a classic example of the blindness of a suitability index crafted 

for all targets to appropriately assess impacts for an individual target group. 

8A.3  Discussion 

Vertical integration, since its inception 2 years ago, has been used by several planning teams in the United 

States and Canada.  Aquatic planning teams, most specifically, have found it beneficial because it has 

solved the problem of connectivity.  In the one-layer approach, no AU is aware of any other AU it does not 

touch.  The one-layer approach is inherently unable to link many contributing watersheds together to form 

continuous aquatic conservation areas.  Because the vertical integration technique, when used with nesting 

watersheds, creates relationships between larger size classes and all of their smaller contributing 

watersheds, it is able to build these connections.  There are, however, some considerations a team must be 

aware of when attempting to utilize this technique. 

An automated portfolio is a mathematical solution for a conservation area design problem.  Planners must 

realize that any automated output only represents the solution with the smallest value of the objective 

function.  The numeric value of the objective function is largely a dynamic tension between the sums of the 

suitability scores and sums of the boundary penalties.  If either factor is weighted too heavily it will 

dominate the outcome.  Therefore, planners are urged to look at the tabular outputs of their analysis, 

specifically the component values of the objective function.  If, for example, a solution has nearly perfect 

overlap between selected terrestrial and aquatic AUs, the boundary values in the objective function will 

probably far exceed the suitability scores.  In this case, the team may also notice the aquatic targets are also 

far exceeding their goals. 

Similarly, AU layers with greatest relative costs will have the largest impact on the value of the objective 

function, and therefore have the greatest influence on the conservation area design.  Therefore, when 

designing your analysis layers which contain the most robust information, or layers of special conservation 

interest, may be weighted more heavily to allow them more influence in the outcome.  The actual influence 

a layer has can somewhat be gauged by the cost shift of the other AU layers when compared against their 

stand-alone runs.  In the PNWC analysis, for example, we didn’t want the shore-zone segments to have a 

very large influence on the conservation area design.  Costs were scaled down relative to the terrestrial and 

aquatic AUs.  During the integrated runs, the costs of the aquatic and terrestrial components of the vertical 

solution showed no significant difference compared to the stand-alone runs for those layers.  The shore-

zone portion of the vertical solution, on the other hand, showed an average 23% increase in costs compared 

to its stand-alone counterpart.  The shore-zone component of the vertical solution was being forced into less 

favorable areas to accommodate integration with the aquatic and terrestrial layers.   

The geometries of AUs can also greatly influence the outcome.  Hexagons, for example, cluster much more 

easily, and at lower boundary modifier levels, than irregularly shaped AUs like watersheds.  It is  

important that planners build the terrestrial AU boundaries and experiment with ranges of boundary 

modifiers and suitability values that will produce reasonable outcomes.  Boundary relations and suitability 

values for other layers may then be based upon the ranges established in the terrestrial analysis.  For aquatic 

analysis it is beneficial to utilize synthetic values for boundary lengths.  Because any watershed of a type 

counts toward goals as much as any other watershed of that same type, area need not be a factor in the 

boundary relations.  Basing aquatic boundary values upon the mean of the terrestrial boundary lengths 

produces a more robust integrated solution.  For example, if the mean of the terrestrial boundaries is 3000, 
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any Class 1 to terrestrial AU, Class1 to Class 2, or Class 1 to Class 3 boundary relation should be set near 

3000, Class 2 to Class 3 relations perhaps twice as much.  In the stand-alone aquatic solutions, the 

suitability values can then be scaled up or down until they are appropriately balanced against the boundary 

values of the objective function.  Class 2 and 3 suitability values need not necessarily be the sums of their 

constituent Class 1s, they can be scaled independently such that the average Class 2 is twice the cost of the 

average Class1, and the average of the Class 3s three times the cost of the average Class 1.  Iterative runs, 

with careful scrutiny of the objective function constituents and goal attainment of the solutions, will assist 

the planner in achieving the appropriate balance. 

Linear features, like the shore-zone habitats used in the PNWC analysis, can also be used as layer in a 

vertical analysis.  As line features have no true area, boundary relations should be proportional to the length 

of the segment’s intersection with other AU layers, and scaled to be appropriately balanced against those 

other layers.   

An early criticism, partially based upon fears that vertically integrated solutions would be less efficient, 

was that if targets are split between multiple AU layers, the algorithm would only receive credit for that 

portion of the targets in the selected AUs.  In other words, if an area is selected only for terrestrial targets, 

and conservation resources will be applied to those targets, wouldn’t the aquatic resources there also 

benefit, and therefore shouldn’t they be counted towards goals as well? As our Elwa example demonstrates, 

it is not necessarily advantageous to count all targets which occur on the landscape every time an AU is 

selected.  In fact, this is a chief failing of the one-layer methodology; areas are often selected for one group 

of targets that may be unsuitable for another group.  Additionally, the specificity of the vertical outputs is 

very useful information.  The overlap between terrestrial and aquatic solutions is the area where it does 

make sense to work on both target groups.  AUs which appear in only one portion of a solution may have 

management and conservation strategies applied to them which are specific to those targets.  In a world 

where human and financial resources are tight, tailoring conservation solutions efficiently and appropriately 

is paramount.   

Stand alone analysis for terrestrial and aquatic realms are valuable exercises in themselves.  They reveal 

patterns of biodiversity, possible conservation opportunities for targets, and help identify threats to those 

same resources.  If AUs and target data are built with integration in mind, the boundary relations between 

AU layers is the only additional data required for integration.  All other tables can be cut and pasted 

together with no additional modification.  This is much easier than having to rebuild all data from scratch to 

fit all targets into a single AU layer. 

Finally, it should be noted that any automated output is only as good as the information the algorithm was 

given.   Data is a snapshot in time, often a snapshot taken 10 years ago.  Peer review of any automated 

output is critical if we wish the conservation area design to truly meet the needs of the targets over time.   
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Table 8C.1.   Comparison of goal attainment between vertically integrated, and one layer site selection model for the PNWC 

Conservation Target 

Amount 

Available

Goal Proportion of 

Goal Captured 

by "One-

Layer"

Proportion of Goal 

Captured by 

"Vertical  

Integration" 

Astragalus australis var olympicus 9 5 140.000 140.000

Astragalus microcystis 2 2 100.000 100.000

Carex pluriflora 3 3 100.000 100.000

Cimicifuga elata 1 1 100.000 100.000

Dodecatheon austrofrigidum 1 1 100.000 100.000

Pellaea breweri 2 2 100.000 100.000

Plantago macrocarpa 8 7 114.286 114.286

Saxifraga tischii 2 2 100.000 100.000

Sparganium fluctuans 2 1 200.000 200.000

Synthyris pinnatifida var lanugino 19 17 105.882 105.882

Accipiter gentilis 16 9 111.111 144.444

Ardea herodias fannini 2 1 100.000 100.000

Brachyramphus marmoratus 670 338 126.627 111.243

Dicamptodon copei 51 8 412.500 450.000

Euphydryas chalcedona perdiccas 15 13 107.692 100.000

Falco peregrinus 28 13 146.154 146.154

Haliaeetus leucocephalus 197 67 179.104 150.746

Hemphillia burringtoni 31 10 150.000 100.000

Hemphillia glandulosa glandulosa 33 5 300.000 240.000

Histrionicus histrionicus 51 4 800.000 800.000

Icaricia icarioides blackmorei 8 6 116.667 133.333

Incisalia mossii mossii 2 1 200.000 200.000

Lycaena mariposa charlottensis 2 1 100.000 200.000

Oeneis chryxus valerata 10 8 125.000 112.500

Parnassius smintheus olympianus 13 13 100.000 100.000

Plebejus acmon spangelatus 2 1 200.000 200.000

Plethodon vandykei 20 9 166.667 144.444

Progne subis 3 1 200.000 200.000

Rana cascadae 4 4 100.000 100.000

Rhyacotriton olympicus 76 24 225.000 237.500

Speyeria zerene bremnerii 5 4 125.000 125.000

Strix occidentalis caurina 232 119 125.210 113.445

Oncorhynchus gorbuscha 122941 36882 173.998 73.431

Oncorhynchus keta pop ? 155532 77766 40.469 34.914

Oncorhynchus keta pop ? 228952 68686 58.846 43.953

Oncorhynchus keta pop 4 2279730 683919 11.577 12.091

Oncorhynchus kisutch pop ? 698498 209549 81.268 47.260

Oncorhynchus kisutch pop ? 1953219 585966 130.269 135.326

Oncorhynchus kisutch pop 1 4698839 1409652 1.266 2.072

Oncorhynchus mykiss pop ? 1155963 346789 146.647 157.535

Oncorhynchus mykiss pop ? 452456 135737 125.869 78.464

Oncorhynchus nerka 34400 34400 81.728 93.534

Oncorhynchus nerka 6107 6107 99.995 99.995

Oncorhynchus nerka 84075 84075 100.000 100.000

Oncorhynchus tshawytscha 3092704 927811 51.340 56.318

Oncorhynchus tshawytscha 1042244 312673 122.810 145.621

Oncorhynchus tshawytscha 486454 145936 158.147 182.357

Oncorhynchus tshawytscha 199922 99961 96.824 72.409

Salvelinus confluentus 135223 67611 160.153 168.345

North Pacific Coastal Herbaceous Bald And Bluff  23 3 600.000 500.000

North Pacific Dry And Mesic Alpine Dwarf-shrubland And Meadow 22749 2275 718.683 648.902

North Pacific Hypermaritime Sitka Spruce Forest 295795 88739 124.509 133.719

North Pacific Maritime Dry-mesic Doug Fir-western Hemlock Forest 195965 58790 170.906 135.374

North Pacific Maritime Wet-mesic Doug Fir-western Hemlock Forest 241841 72552 148.667 136.164

North Pacific Montane Riparian Woodland And Shrubland 3 3 100.000 66.667

North Pacific Mountain Hemlock Forest 125003 25001 320.145 316.606

North Pacific Western Hemlock-silver Fir Forest 196807 39361 312.743 285.359

Coast Tributaries - Outwash, Low Elevation, Moderate Gradient 32 11 63.636 54.545

Coastal Upland - Glacial Till, Low Elevation, Low Gradient 42 14 107.143 135.714

Coastal Upland - Sandstones, Low Elevation, Moderate Gradient 40 13 69.231 100.000

Olympics - Sandstones,  High Elevation, High Gradient 12 4 275.000 300.000

Olympics - Sandstones, Mid Elevation, High Gradient 31 10 190.000 150.000

Puget Lowlands -  Outwash, Low Elevation, Moderate Gradient 9 5 60.000 40.000

Haliaeetus leucocephalus wintering area 1 1 100.000 100.000
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Appendix 8H: Threats Analysis 

8H.1 Introduction 

We used a suitability index to direct the site selection algorithm toward the best places for 

biodiversity conservation.  The suitability index incorporated factors such as road density and 

percent urban area which reflect the current condition of each assessment unit.  Yet, actual 

conservation success is as dependent upon the future condition of a site as its current condition.  

Human disturbances that cause, or have the potential to cause, the future destruction, or 

degradation of biodiversity at a site are characterized as “threats” to the site (Ervin and Parrish, 

2004).   

Identifying and quantifying threat has been a part of site conservation planning at The Nature 

Conservancy for many years.  At the scale of an ecoregion, however, the process for identifying 

threats has generally been subjective, and difficult to standardize across the entire ecoregion.  

Past efforts have largely relied on expert opinion and the ranking of a pre-determined suite of 

threats at each portfolio site within the ecoregion.  Using GIS data we have attempted to 

develop a more objective "threat surface" for the PNW Coast Ecoregion that allows for an 

assessment of major threats to the biodiversity of the ecoregion.  This method offers an 

alternative to past threat assessments where the value of a threat at any given site was based 

upon "professional judgment", and no objective criteria were applied. 

The Pacific Northwest Coast Ecoregional Assessment analyzed threats to the conservation of 

biodiversity by looking at factors that have broad impacts across the landscape.  We completed 

a threats analysis which looked at four individual threats – incompatible timber harvest, human 

population growth, altered fire regime, and hydrologic alteration.  These threats were primarily 

analyzed through GIS coverages, not expert judgment.  Although we did not use this analysis to 

prioritize areas, it may be useful for looking at individual threats and providing a foundation 

for future threats analysis.  One of the primary reasons for undertaking the threats analysis was 

to use it to inform future prioritization of potential conservation areas.  This chapter discusses 

the threats surface analyses as well as briefly introducing other threats not examined.   

In choosing the information to use in this threat analysis, we have relied upon the experience of 

our field staff and partners to identify which threats are significant across our ecoregion.  

Mining, grazing and fire suppression, for example, are minor threats in the PNWC.  

Incompatible timber harvest practices (i.e., incompatible with biodiversity conservation), 

human population growth, dams, and invasive weeds, on the other hand, are very serious threats 

to biodiversity.  A serious limitation to the development of a threat surface is the availability of 

digital data correlating to each threat that is identified.  The introduction and spread of invasive 

species, for example, is a serious concern, although explicit spatial data and predictive models 

are generally not available.  Additional threats to biodiversity within the ecoregion, that were 

not included in the analysis, will be discussed at the end of this chapter. 

The main value of creating a “threats surface” was to standardize the way individual threats 

were assessed and then to combine these threats across the ecoregion.  We calculated the total 

threat of each assessment unit (AU) by normalizing the values of each threat, weighting threats 

relative to each other, and summing the weighted normalized values.  Core team members 

ranked the relative importance of each of the four individual threats (timber harvest, human 

population growth, hydrologic alteration, and altered fire regime) to develop weighting factors 

for each threat used in the analysis.  Analyses like this could provide conservation planners 

with quantitative spatial information that displays the relative severity of threats, both 

individually and cumulatively, across the ecoregion. 
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8H.2 Incompatible Timber Harvest Practices

Temperate coniferous forests in the PNWC are managed primarily for either conservation or 

timber production, with some areas targeted for a blend of these two management goals.  

Conservation areas are predominantly found on public lands, often at higher elevations, while 

multiple-use and timber management areas are found at lower elevations on both public and 

private lands.  Over the last 40 years or so, timber harvest practices have evolved into highly 

efficient operations.  Even-aged silvicultural systems are typical, with regeneration harvests 

(clearcutting) occurring at a stand age of approximately 45-60 years and harvest areas of 30-

100 acres.  Harvested stands are replanted at relatively high densities using superior stock of a 

preferred species, often Douglas fir (Psuedotsuga menziesii), and are generally pre-

commercially thinned at a stand age of 15-25 years.  Such forest management has resulted in 

highly simplified forest stands, and fragmented landscapes dissected by extensive road 

networks to provide access to the majority of the managed landscape.  New regulations and the 

evolving socioeconomics of forestry in the Pacific Northwest, however, are changing forest 

management paradigms and will affect future forest conditions and habitat suitability. 

Timber harvest practices are a threat to many species in the Pacific Northwest Coast ecoregion, 

but the impacts are particularly borne by species whose preferred habitats are within late-

successional, low elevation forests.  The best known of these species is the northern spotted 

owl and the marbled murrelet but a great many other species are also restricted to these forests 

(Thomas et al. 1993).  Harvest activities also pose a threat to aquatic habitats (e.g., Church and 

Eaton 2001) as roads used to access timber deliver sediment to stream systems and timber 

harvests degrade riparian forest function.   

8H.2.1 Current Condition 

Public policies and social desires will have a large impact on how forests are managed in the 

future.  Forest regulations throughout the PNWC have recently been strengthened to provide 

additional protections to areas of critical habitat concern and particularly to reduce threats to 

stream systems and salmonids.  Washington’s Forest and Fish Rules, for example, require 

significant upgrading to forest road systems and additional protection of riparian buffers and 

landslide prone areas from harvest.  Public pressure and economic concerns have also resulted 

in voluntary habitat protection measures being adopted by private companies.  These measures 

include habitat conservation plans (HCP’s) and forest certification.  For example, in British 

Columbia  the Weyerhaeuser Corporation adopted a policy of harvesting all of its managed 

Coastal Tenure lands using a variable-retention harvesting system (an additional 36% of the 

landscape is designated as old-growth reserves) (Beese et al. 2003).  Today’s private forests are 

certainly managed under stricter standards and more public oversight than in the past; however, 

the long-term conservation value and continuity of these regulatory and voluntary measures is 

largely unknown. 

Clearly, the rate of harvest within old-growth forests of the PNWC has declined.  Similarly, 

riparian buffers have been given additional protection, a greater focus has been placed on 

reducing the threat from forest roads, and the ecological benefits of uneven-aged silvicultural 

systems are being tested.  How these new regulations and management practices will affect the 

long-term distribution and quality of forest habitats is, however, unknown.  Moreover, there is 

considerable uncertainty in the longevity of these new policies and management practices, 

particularly given changes in the global timber economy and changes in forest ownership 

patterns. 

Federal forest policies in the United States were also greatly modified under the Northwest 

Forest Plan (USDA Forest Service and BLM 1994) and the short-term results of this plan are 

just now beginning to be quantified (Haynes et al. 2006).  Recent analysis of changes in the 
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amount of late-successional forest remaining on federal lands found that approximately 4,000 

acres have been lost in the vicinity of the PNWC through management, fire, and damage from 

insects or disease (Table 8H.1).  What is more difficult to calculate, however, is the amount of 

new habitat that has been produced through active management (i.e., restoration) or succession.  

The success of the Northwest Forest Plan ultimately relies on a system of late-successional 

forest reserves, riparian reserves, other conservation measures, and a set of scientific 

assumptions that were developed when the plan was created.  As the Forest Plan includes forest 

reserves throughout the PNWC ecoregion, policy changes that alter the intent of the plan, or 

unintended ecological changes, could have a significant negative impact on conservation targets 

throughout the Washington and Oregon portions of the ecoregion.   

Table 8H.1 Loss of northern spotted owl habitat (late successional forest) on U.S. Federal lands from 1994 to 
2004 within physiographic provinces that overlap with the Northwest Coast (Adapted from Courtney et al. 
2004).  Note: Only portions of the Oregon Klamath provinces are within the Pacific Northwest Coast 
ecoregion, and habitat loss from fires occurring in 2003 are not included as data was not available.

Cause of Habitat Loss 

Province

Baseline Area 

(1994) acres Management Fire Wind 

Insect/

Disease

TOTAL 

(acres)

Olympic Peninsula 560,200 -100 -300 0 0 -400 

Oregon Coast 

Range
516,600 -3,300 -100 0 0 -3,300 

Oregon Klamath 786,300 -53,500 -117,600 0 0 -171,100 

TOTAL (acres) 1,863,100 -56,800 -118,000 0 0 -174,800 

Forest ownership patterns in the PNWC are changing and the interaction between ownership 

changes and new regulatory requirements will have a significant affect on future ecological and 

societal values received from managed forests.  Large industrial owners are merging, 

undergoing financial difficulty (e.g., Crown Pacific Company), trading timberlands, and selling 

off land for higher and better uses such as development.  Increasingly, buyers of large 

timberland acreage are timber investment management organizations which acquire and manage 

land for the financial benefit of large institutional investors.  Small timber landowners are also 

selling land and dividing land parcels into smaller and smaller ownerships.  How current and 

future changes in timber ownership patterns will affect forest management and the conservation 

value of working forests is becoming a fruitful topic for debate. 

8H.2.2 Analysis 

For modeling the threat of incompatible timber harvest we used two factors: ownership (public 

or private) and stand age (i.e., tree diameter).  Both variables were thought to be good 

indicators of the likelihood of timber harvest.   

Forests were divided into 3 seral stage classes based on the size of dominant trees: early seral 

(0 - 10 inches dbh), mid-seral (10 - 30 inches dbh), and late seral (> 30 inches dbh).  Ownership 

was then used to derive the percentage of each seral stage on both public and private lands 

within each assessment unit.  A factor was then calculated based on the percentage of each seral 

stage that occurred on each ownership class within an assessment unit to represent the 

vulnerability to logging.   

We assumed that protections for late seral trees are stronger on public than private lands, 

reducing their vulnerability.  Logging of second-growth forests on public lands in the region 
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occurs in mid-seral stand ages, making the mid-seral stands the most vulnerable to cutting.  The 

resulting public lands factors were hectares of early seral x 0.19, mid-seral x 0.66, late seral x 

0.15.  National Parks and Wilderness areas were scored as 0 for all seral stages.  The factors 

were developed by the core team members where they compared the relative potential for 

harvest among various ownership/management status categories and stand seral condition. 

On private lands the protections of late seral trees are considerably less than on public lands 

and the value of those trees makes them more vulnerable.  Factors on private lands were 

percentage of early seral x 0.09, mid-seral x 0.43, and late seral x 0.48.  The sum of the public 

and private tree scores were then calculated for each AU, then normalized independently on a 0 

- 100 scale for units in the U.S. and British Columbia. 

8H.3 Human Population Growth 

8H.3.1 Current condition 

The Pacific Northwest has seen a steady increase in population throughout the 20th century.  

Altogether, British Columbia, Washington, Oregon, and Idaho was populated by 15.1 million 

people in January of 2003 (Northwest Environment Watch 2003).  The rate of population 

increase, however, has slowed since 1986 and in 2002 the region’s population grew by 

approximately 144,000 people, or 16 people per hour.  In comparison, 1992 had the highest rate 

of increase with approximately 37 new people populating the region each hour.  Population 

increases are dependent on birth rates and migration, and it appears that while birth rates have 

slowly and steadily declined, migration rates have dropped considerably although with less 

consistency due to fluctuating economic conditions.   

Population density and increase is concentrated near the urban centers of the PNWC ecoregion.  

Highest densities are found in the vicinity of Portland (OR) and Victoria (BC).  Smaller towns 

along the pacific coast also have higher population densities.  Areas with the highest population 

increase between 1990 and 2000 are mostly found in areas surrounding Portland and to a lesser 

degree the Astoria/Warrenton region of the Oregon Coast.  Areas with decreasing population are 

found near Grays Harbor (WA), areas along the Columbia River, and rural areas in the central 

and southern portions of the Oregon Coast Range.     

8H.3.2 Analysis 

The population growth threats analysis looked at both current population size as well as growth 

in previous years.  Census data for the U.S. was obtained for the 1990 and 2000 censuses.  The 

data included a spatial coverage of census tracts and tables containing demographic data.  The 

1996 and 2001 census data were used for the BC portion of the Ecoregion.  As parallel analyses 

were carried out for both countries, we will describe the U.S. analysis here. 

Many tract changes occurred between the censuses, primarily splits.  Using the 1990 coverage 

as the base, figures for 2000 population were attributed to the 1990 census tracts.  In cases of 

tract splits, the sum of the 2000 tracts that corresponded to the 1990 tract was attributed to that 

polygon.  In the few cases where two or more tracts had been merged, the difference between 

the 1990 and 2000 population was split evenly amongst the tracts.  The difference between the 

1990 and 2000 populations was then calculated both as a raw number and as a percentage 

change.  The trend over that 10-year span was used for the threat analysis because it is 

indicative of future condition.  Current population could be considered a threat in itself, but 

baseline condition was part of the analysis used to generate the portfolio. 

As public lands generally have no permanent population, the public lands were erased from the 

tracts coverage.  The remaining footprint was used to calculate tract population densities and 

population trends, and then intersected with the assessment units.  Many AU’s were subdivided 

into one or more AU/tract combinations.  A percentage area calculation was done to attribute 

each of these combinations as a percentage of the total tract.  The total of the percentage 
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population change and total percentage projected density of each site/tract combination was 

calculated.  Each AU was scored by the weighted sum of these blended scores.  The projected 

density for each AU was multiplied by 0.82, and the projected total population by 0.18.  All 

values were then normalized independently on a 0 - 100 scale for AU’s in the U.S. and BC. 

8H.4 Hydrologic Alteration 

8H.4.1 Current Condition 

Coastal rivers, streams and lakes have undergone considerable ecological change with increases 

in human population and landscape alteration through urbanization, agriculture and forest 

management.  Freshwater systems often have degraded water quality, simplified habitat 

structure, and modified biological communities.  Water withdrawal for human use, dam 

construction, and timber management has also altered the natural flow regime of many 

freshwater systems in the ecoregion (e.g., Church and Eaton 2001).  Even with these 

modifications, however, the PNWC has several coastal river systems, such as the Queets and 

Hoh Rivers (Olympic Peninsula, Washington), which are recognized for their high ecological 

integrity.   

Declining salmonid populations have brought significant attention to the health of freshwater 

systems throughout the Pacific Northwest.  This has resulted in proposals for dam removal 

(e.g., Elwha River) and increased regulatory constraints on timber management.  Because of 

these changes, new dam construction and threat of freshwater degradation from timber harvest 

are expected to decline.  Continuing threat is expected from water withdrawal, degraded water 

quality, floodplain conversion and development, levee construction and fisheries management.        

8H.4.2 Analysis 

Water withdrawals and other hydrologic alterations are a current and ongoing threat to this 

ecoregion.  Given the difficulties in permitting and licensing new dams, it is unlikely any new 

structures will be built in the near future.  Therefore, we chose to assess the ongoing impacts of 

dams as we had their current impacts when developing the PNWC suitability index.  A total of 

381 dams are known to exist in the PNWC, with the vast majority being in the U.S. portion.  

Most of these are small diversion structures, as only 7 attain the highest level of impact. 

For the suitability index, the impacts to hydrology were recorded on a 6-point (100, 200, 500, 

1000, 2000, 5000, 10000) scale for every dam in every affected assessment unit.  This semi-

logarithmic scale was used because the effects of huge hydro dams had to be accommodated in 

the same scale as small diversion structures.  The impacts were scored using a modified decay 

function with impacts diminishing as distance from a dam increases.  For example, a high hydro 

dam might earn the assessment unit it occupies a penalty of 10,000.  The adjacent, downstream 

assessment unit contains an undamed stream of similar order that merges with the dammed 

stream.  The penalty in that assessment unit would fall to 5000, as only half its flow is 

controlled.  Similarly, all downstream assessment units from that point would receive 

diminished penalties until another dam affected the system.  The effects of multiple dams 

impacting an assessment unit were additive.   

The values from our suitability work were used to gauge the hydrologic threats to the portfolio.  

Each assessment unit was scored by normalizing its hydrologic penalty 0 - 100 scale.   

The 303(d) listed streams were also part of the hydrologic threat calculation for AU’s in the 

United States.  Each AU was either impacted by 303(d) streams or not, our data did not support 

any in-depth quantitative analysis.  Each impacted AU was assigned a score of 100 for water 

quality.  There was no 303(d) information for AU’s on Vancouver Island, therefore the 

hydrologic threat score was based purely on dams in that portion of the ecoregion. 
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The final hydrologic score was calculated by multiplying the normalized hydrological penalty 

score (from dams) by 0.72, multiplying the 303d value by 0.28 (in the U.S. portion), adding the 

results and normalizing on a 0 - 100 scale.  Scores were normalized independently for units in 

the U.S. and BC.

8H.5 Altered Fire Regime 

8H.5.1 Current Condition 

The historic frequency and severity of fires varied considerably throughout the PNWC 

ecoregion.  Climate variability, anthropogenic influence, patterns of fuel accumulation, and 

interactions between each of these factors influence fire patterns.  Historically, the Pacific 

Northwest’s climatic regime went through wet and dry periods where fire frequency and 

severity varied (Long et al. 1998).  Fire return intervals, therefore, were predominantly 

determined by these patterns although burning by Native Americans also had an effect.  Since 

the 1800’s, fire patterns seem to have been more heavily influenced by humans, with increased 

sources of ignition and management that has altered forest conditions through the prevention of 

natural forest fires (Duncan 2002).  Fire suppression has also played a greater role in forest 

management since the 1950’s.  These impacts may have had a larger total effect in areas that 

naturally burned more frequently.   

An important future consideration will be how dry forests are managed given their naturally 

frequent fire return interval and contrasting management that often prevent fires from becoming 

a dominant process.  This dichotomy is particularly an issue in forest systems within dedicated 

conservation areas (Agee 2002).  Although, prescribed fire may become a more commonly used 

management tool in the future, fire patterns in general will continue to be determined by 

climatic variation, human behavior and forest condition. 

8H.5.2 Analysis 

The National Fire Condition Class map produced by the U.S. Forest Service was the basis for 

our fire threat assessment.  This map is a raster dataset with a 1,000 meter pixel size.  There are 

3 fire classes and 3 age classes in the fire condition class map.  Condition 1 is the lowest fire 

threat category, condition 3 is the most.  There is no fire data for BC, as fire is generally not 

considered a significant threat on Vancouver Island due to a 500-year return interval. 

We converted our AUs into a raster dataset then combined it with the fire condition class grid.  

The percentage of each AU within each fire class was multiplied by the following values to 

achieve a total score: Condition Class 1 x 0.01, Condition Class 2 x 0.12, and Condition Class 3 

x 0.87.  The majority of the U.S. portion of the ecoregion is in Condition Class 1, almost evenly 

split between the middle and late age classes.  There are some sites however, which are 

predominantly in condition class 3, most notably Portland's Forest Park (OR).  Final values for 

each AU were normalized on a 0 - 100 scale.   

8H.6. Combined Threats Surface Analysis 

To create a combined threat surface for the ecoregion, a threat index was developed for each 

assessment unit.  The threat index is used here to define the “vulnerability” of each assessment 

unit, or the relative likelihood of losing the biological diversity that currently exists within the 

unit for the threats we examined.  The relative importance of each of the four threat factors 

(timber harvest, human population growth, hydrologic alteration, and altered fire regime) were 

ranked by core team members to arrive at the following threat equation:  

Overall threat = A (Timber harvest threat) + B (Human population growth threat) + C (fire threat) + 
D (hydrologic alteration threat) 
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Weighting factors A, B, C, and D are calculated based on the average rank assigned to each 

threat (1 to 4) and the relative importance of each threat.  Each core team member assigned a 

relative importance (1 to 1000) to each threat in comparison to all other threats in a pairwise 

fashion, a technique based on the Analytic Hierarchy Process (Saaty 1977, Saaty 1980).  The 

right eigenvector of the pair-wise comparison matrix is then normalized to arrive at a final 

weighting factor for each threat variable (Table 8H.2).  Individual threat scores in the equation 

were the actual normalized total threat value calculated for that variable (e.g., timber harvest) 

in an assessment unit.   

Table 8H.2.   Final weighting factors given to individual threats in an 
ecoregion-wide spatial model.  Weights were statistically derived from an 
expert driven pairwise ranking process. 

Threat Model Weighting 

Timber harvest 0.38

Human population growth 0.51 

Altered fire regime 0.02

Hydrologic alteration 0.09

Overall threat index scores were normalized between 1 and 100 to give a relative threat 

ranking.  Because of differences in data between the U.S. and Canada, the U.S. and Vancouver 

Island portions of the ecoregion had threat scores calculated independently.  For example, fire 

was not considered a primary threat on Vancouver Island, and no fire condition class data was 

available.  All other factors were weighted the same in both regions for the total threats 

calculation.   

8H.6.1 Discussion 

The total threat scores and “threats surface” were not used to influence site selection in the 

PNWC ecoregional assessment.  Rather, we determined that the “suitability index” (see Chapter 

6) more accurately reflected existing ecological conditions within individual AU’s and their 

priority for conservation.  The value of this threat analysis was ultimately a demonstration of 

how threats could be modeled at an ecoregional scale using readily available information or 

data.  Scores for individual threats (i.e., incompatible timber harvest), however, could prove 

valuable for setting conservation strategies and identifying multi-site strategies at an 

ecoregional scale.  For example, an analysis of the ecoregional portfolio may show that many 

high priority sites contain high scores for the threat “hydrological alteration.” Planning teams 

could then work on developing strategies for abating this threat at an ecoregional scale.  

Ideally, future work on modeling threats at an ecoregional scale could incorporate both 

quantitative data and solid expert opinion to create objective and predictive geographic 

information that increase confidence in setting site conservation priorities.       

8H.6.2 Interaction between Threats 

Ecosystems are changing at an increasing rate due to human management, climate change, and 

the alteration of many fundamental ecological processes (Sala et al. 2000).  It is the interactions 

between all of these processes that represent one of the greatest scientific uncertainties 

concerning future biodiversity.  For example, climate change and fire return intervals are 

closely linked, and it’s easy to discern that vegetation communities will quickly respond to 

changes in these and other processes (e.g., Long et al. 1998).  But how will the distribution of 

invasive species evolve as human systems and ecological systems undergo change, and how 

will their distribution influence rates of change?  How will pests and pathogens respond as 

vegetation is stressed from climate change or other disturbances? It is these interactive effects 

that are indeed the greatest threat and the most difficult to predict. 
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8H.7 Threats not Addressed in Analysis 

There are a great many threats that impact conservation targets and ecological systems.  Some 

of these are quite localized and may affect only a small portion of the range of target but others 

operate at the ecoregion scale and may have very broad effects.  The threats addressed 

previously were selected because they operated at the ecoregion scale and had sufficient digital 

data available to analyze them in that context.  A number of other very important threats that 

also operate at the ecoregion scale do not yet have suitable data that can be used to analyze 

there overall impacts to conserving biodiversity in ecoregions.  Two of the better known threats 

in this latter category are invasive species and climate change.  They are discussed in general, 

below, but a more rigorous analysis of these important considerations is beyond the scope of 

the present assessment. 

8H.7.1 Invasive Species, Pests, and Pathogens 

Invasive species are considered by many to be one of the top two threats to the conservation of 

biological diversity, together with habitat loss.  In this analysis, invasive species were not 

included, as spatial data is not available at a regional level.  Limited information is available 

for infestations of particular species at a site or sub-regional level.  In assessing threats to 

ecoregional portfolio sites, however, invasive species must be considered seriously, as many 

species are known to alter habitat quality and significant resources are being allocated to 

eradication efforts throughout the PNWC.  Here we briefly discuss existing infestations of 

invasive species, point out new emerging threats, and highlight the potential implications of 

further introductions. 

Exotic species are spreading through forest, freshwater, and marine ecosystems in the PNWC at 

rates that are alarming ecologists.  Species such as English ivy (Hedera helix), holly (Illex
aquifolium), Japanese knotweed (Polygonum cuspidatum), and spartina (Spartina spp.) have 

become well established in some areas and have been targeted for eradication.  Others like 

West-nile virus, sudden oak death (Phytophthora ramorum), citrus long-horned beetle 

(Anoplophera chinensis), zebra mussel (Dreissena polymorpha), and the European green crab 

(Carcinus maenas) pose an enormous threat to the region as they spread in nearby areas and are 

being closely monitored.  The spread of these and other exotic species, and even native 

pathogens has benefited from human manipulations of habitat.  Interstate and international 

commerce, extensive road systems that fragment habitats, and the modification of natural 

ecological processes such as fire have all contributed to the globalization of ecosystems 

(Duncan 2001).  For example, it is thought that the impacts of Swiss needle cast 

(Phaeocryptopus gaeumannii), a native foliage pathogen that affects Douglas-fir in coastal 

areas, has intensified with the large-scale adoption of uniform silvicultural practices favoring 

Douglas-fir production across the ecoregion (Filip et al. 2000).  Given current patterns and 

conditions, we can only expect the list of exotic species to be concerned about and their 

distribution to grow over time.   

Invasive species have the potential to alter the structure, composition, and function of 

ecological communities and are known to directly eliminate species from an ecosystem.  For 

example, salt marshes along the Pacific Northwest Coast have been transformed by the 

introduction of Spartina grasses, adversely affecting native species of plants and animals such 

as oysters, shorebirds, wading birds, bottom-dwelling algae, bottom-dwelling invertebrates 

(Frenkel 1987).  Although the long-term ecological impact of many invasive species is 

unknown, there is great concern with the increased number and distribution of species in our 

ecoregion.  Moreover, the PNWC contains, or is close to, many ports of entry for these invasive 

species, which increases the likelihood of further introductions and infestations in the future. 

8H.7.2 Climate Change 

Many scientists are convinced that our climate will change over the next century due to the 

world’s increased emissions of greenhouse gases.  Global climate models, however, are still 
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quite variable with regard to predicted temperature increases and the seasonally of weather 

patterns.  Most models generated for the Pacific Northwest show a rise in temperature of 

approximately 3.5 °F (2 °C) and an increase in winter precipitation (Mote et al. 1999).  Some 

models predict wetter summers and others predict drier summers.  Climates will also continue 

to be modified by the El Niño-Southern Oscillation (ENSO) and the Pacific Decadal Oscillation 

(PDO) and the result of interactions between climate change and recurring climatic variations is 

largely unknown.  In general, the greatest changes are expected to occur at lower and higher 

elevations where ecotones between some natural systems are sharply defined. 

Specific changes within ecological systems are difficult to predict due to the interaction of 

climate and large-scale ecological processes.  Warmer and wetter winters in the Pacific 

Northwest are expected to have widespread ecological consequences.  Increased rainfall will 

cause higher streamflows, more flooding of coastal rivers, and possibly an increase in the 

extent and recurrence of landslides.  A loss of lower elevation snowpack will also impact 

reservoir water levels and natural flow regimes that support salmonid fisheries and other 

aquatic resources.  Increased productivity from an increase in summer rainfall would be offset 

by increased evapotranspiration and many ecological systems would undergo significant change 

due to higher summer temperatures.  Fire seasons in the Pacific Northwest typically are much 

more severe when dry, warm summers follow wet winters.  Forests and other vegetation 

communities may change quicker than expected as some studies have found quite rapid shifts in 

species composition following changes in fire patterns associated with climate change (e.g., 

Long et al. 1998).  Higher stream temperatures could also alter aquatic communities.  Finally, 

increases in sea level are more difficult to predict in the northwest, largely due to the 

interaction between sea level rise and geological forces along the continental margin. 

8H.8 Marine Threats 

Recent reports addressing threats to the coastal marine environment indicate the vulnerability 

of marine ecosystems, habitats and species to current and ongoing human activity (see Pew 

Oceans Commission 2003; U.S. Commission on Ocean Policy 2004).  Threats to the coastal 

zone come from conditions along the shoreline, in adjacent watersheds and in the marine 

environment brought in by tides.  We have assessed the current conditions of the nearshore 

through a suitability analysis (see Chapter 6) but recognize more work needs to be done to 

adequately address ongoing impacts and deteriorating conditions. 

Threats as a criterion for setting conservation priorities have been assessed in many different 

ways (Groves 2003).  The Nature Conservancy (TNC) has emphasized three aspects of threats 

in ecoregional planning: a) the geographic extent and level of community-wide impact, b) 

critical threats and c) the urgency for abating threats.  Identifying the scale of a threat is an 

essential component in evaluating its impact across land and seascapes.  Threats in coastal 

areas (e.g., increasing human populations within 50 miles of the coast) are direct impacts to 

coastal ecosystems that play out at relatively local scales.  More distant human activities on 

land and in freshwaters have significant, although often overlooked, effects on coastal and 

marine ecosystems (Beck 2003).  Threats originating in watersheds that link the land to the sea 

can traverse very large distances (e.g., nonpoint source pollution such as nitrogen from 

agricultural runoff).  Similarly, threats in the offshore marine environment occur at regional 

scales and their effects are felt throughout marine trophic structures.  Beck (2003) identifies 

that as fisheries deplete higher trophic levels, or top predators, to economic and ecological 

extinction there is an ever increasing demand for fish at lower trophic levels.  Although 

overfishing involves the direct take of targeted individuals, it affects other species through 

bycatch as well as habitat communities through fishing practices such as bottom trawling. 

Critical threats are ones that likely degrade conservation targets in many places within a 

conservation area or portfolio site.  These threats are assessed by their degree of severity in 

damaging or destroying conservation targets.  Within the ecoregional planning framework 

threats are usually evaluated per conservation area and not individual target.  This is due to the 

fact that a comprehensive study of what threats are impacting specific species and/or habitats is 
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outside the scope of regional planning.  This activity is better suited for planning within 

individual conservation priority areas.  Although critical threats can be identified in the marine 

environment, it is often quite difficult to evaluate the severity an individual threat has on a 

specific conservation area.   

The third aspect, urgency for abating threats, is determined by the likelihood of a threat 

negatively impacting an area within a set time frame.  This too is a difficult parameter to 

evaluate in marine ecosystems.  Both of these aspects require qualitative determinations and are 

therefore subject to disagreement among stakeholder groups.  Although assessing threats is 

arguably a critical aspect of prioritizing conservation action, we are currently evaluating 

whether threats assessment methods within TNC’s planning framework adequately apply in the 

marine environment. 

Expert opinion ranges widely in determining the severity of and urgency to act upon marine 

threats.  Given that the nearshore in particular is subject to both land and marine-based threats, 

expert groups are either bias in the ranking of severity or lacked adequate information across 

the proposed list of impacts (see Floberg et al. 2004).  For instance, where fisheries agencies 

ranked overfishing as the most critical threat affecting the inside waters of Puget Sound, others 

ranked coastal development as the number one factor affecting nearshore fishes.  Based on 

these varying perspectives and lack of scientific references for ranking severity and urgency, 

we have not conducted a marine threats analysis for the Pacific Northwest Coast ecoregion.  

Instead, we have identified threats and proposed further research on a spatially-explicit threats 

analysis in subsequent work in the region (Chapter 4, section 4.5).  The first step in this process 

was to outline a marine threat taxonomy from various sources.  From this outline we can begin 

to map the scale and extent of individual threats. 
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Table 8H.3.   Portfolio sites in the United States with the highest relative threat of timber harvest. 

Unit Site Name 

Private

Lands Public Lands

Timber Harvest 

Threat

2397 Capitol State Forest 148.98 5056.82 100.00 

2809 Coos-Millacoma Rivers 424.65 4457.19 93.80 

2891 South Fork Coquille River 772.82 3997.84 91.60 

2794 Lower Umpqua River 659.11 3809.79 85.80 

2912 Cape Blanco-Elk River 73.30 4104.99 80.30 

2435 Willapa Hills 2306.64 1708.88 77.10 

2844 Coos Mtn 1277.14 2720.10 76.80 

2756 Siuslaw River 1633.77 2356.60 76.70 

2827 Coos-Millacoma Rivers 3218.61 683.93 75.00 

2628 Nestucca River 298.19 3551.08 73.90 

2785 Smith River 1183.16 2614.05 72.90 

2406 Chehalis River 974.72 2776.35 72.10 

2579 Tillamook Bay-Kilchis River 222.05 3505.05 71.60 

2446 Nacelle River 2703.26 1002.04 71.20 

2427 Doty Hills 2036.98 1650.28 70.80 

2922 Lower Rogue River 134.91 3453.18 68.90 

2430 Doty Hills 1830.39 1734.70 68.50 

2784 Smith River 1077.00 2471.86 68.20 

2285 Wynoochee River 2084.68 1375.65 66.50 

2758 Siuslaw River 1428.47 1932.51 64.60 

2759 Siuslaw River 1413.74 1911.31 63.90 

2539 Upper Nehalem River 830.68 2433.62 62.70 

2472 Elochoman River 928.62 2280.92 61.70 

2748 Siuslaw River 294.41 2906.42 61.50 

2832 Coos-Millacoma Rivers 2625.80 541.10 60.80 
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Table 8H.4.  Portfolio sites in British Columbia with the highest relative threat of timber harvest. 

Unit Site Name Private Lands
Public

Lands

Timber Harvest 

Threat

1383 Tsable-Stamp-Qualicum 2452.89 0.00 100.00 

1103 Tsable-Stamp-Qualicum 2322.03 0.00 94.69 

1517 Nanaimo River 2036.32 0.00 83.01 

563 Gold River-Nootka 122.54 1772.90 77.28 

993 Strathcona 1857.86 9.88 76.22 

1224 Tsable-Stamp-Qualicum 1834.88 0.00 74.73 

941 Strathcona 1792.70 0.05 73.04 

909 Strathcona 1738.22 12.66 71.34 

231 Nimpkish-Tahsish 0.00 1714.62 69.85 

1403 Tsable-Stamp-Qualicum 1702.04 0.00 69.43 

159 Nimpkish-Tahsish 107.58 1557.26 67.94 

1491 Nitinat-Carmanah-Walbran 1659.32 0.00 67.73 

192 Nimpkish-Tahsish 54.67 1566.48 66.03 

471 Campbell-Quadra 0.00 1613.09 65.82 

918 Gold River-Nootka 208.78 1381.54 64.76 

607 Salmon River 0.00 1574.12 64.12 

92 Cape Scott-Port Hardy 37.61 1529.99 63.91 

1688 Nitinat-Carmanah-Walbran 65.15 1500.37 63.91 

746 Gold River-Nootka 0.00 1564.04 63.69 

78 Cape Scott-Port Hardy 4.19 1532.61 62.63 

114 Cape Scott-Port Hardy 55.80 1416.51 60.08 

291 Nimpkish-Tahsish 83.52 1372.13 59.45 

771 Gold River-Nootka 11.58 1433.09 59.02 

1583 Nanaimo River 1423.76 0.00 57.96 

429 Brooks Peninsula 0.00 1416.53 57.75 
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Table 8H.5.   Portfolio sites in the United States with the highest relative population threat-ranking based on 
projected population increase over the next 20 years. 

Unit Site Name 

Population

2010

Population

Density 2010 

Population

Change

Rating

Population

Threat

2477 Clatsop Plains-Necanicum 

River

48126 4.66 1149 43.76 

2531 Cape Falcon-Lower Nehalem 35252 8.07 909 35.37 

2524 Milton Creek 6305 0.75 115 4.43 

2436 Long Beach Peninsula 6193 0.63 94 3.62 

2653 Cascade Head-Salmon River 6841 2.16 77 3.25 

2759 Siuslaw River 3659 0.45 66 2.55 

2432 Chehalis River 3720 0.28 61 2.33 

2550 Scappoose Creek 3556 0.61 58 2.27 

2537 Scappoose Creek 3132 0.41 57 2.20 

2839 Cape Arago-South Slough 4919 0.62 41 1.64 

2327 Copalis River 1749 0.22 37 1.42 

2440 Boistfort 1951 0.14 30 1.15 

2836 Cape Arago-South Slough 3391 0.55 28 1.14 

2478 Blind Slough Swamp 820 0.08 28 1.06 

2753 Sutton Lake 1344 0.47 26 1.05 

2394 Chehalis River 7482 0.86 23 1.01 

2526 Upper Nehalem River 729 0.09 25 0.95 

2463 Castle Rock 1951 0.17 24 0.93 

2832 Coos-Millacoma Rivers 12580 0.81 20 0.89 

2367 Copalis River 988 0.23 21 0.82 

2649 Cascade Head-Salmon River 1091 0.26 20 0.79 

2441 Boistfort 1264 0.11 20 0.77 

2539 Upper Nehalem River 715 0.08 20 0.76 

2500 Upper Nehalem River 589 0.08 20 0.76 

2378 Grays Harbor 912 0.22 19 0.75 
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Table 8H.6.  Portfolio sites in British Columbia with the highest relative population threat ranking based on 
projected population increase over the next 20 years. 

Unit Site name Population 2010

Population

Density 2010 Population Threat

1701 Chemainus-Cowichan 3975 0.29 21.63 

1303 Tsable-Stamp-Qualicum 3848 0.61 20.95 

1257 Tsable-Stamp-Qualicum 3795 0.60 20.66 

1729 Chemainus-Cowichan 2523 0.27 13.73 

1777 Chemainus-Cowichan 2515 0.27 13.69 

1863 Sooke 1546 0.32 8.42 

1576 Nanaimo River 1112 0.11 6.05 

918 Gold River-Nootka 922 0.09 5.02 

1664 Chemainus-Cowichan 793 0.21 4.32 

1228 Tsable-Stamp-Qualicum 746 0.07 4.06 

728 Gold River-Nootka 666 0.09 3.63 

1656 Chemainus-Cowichan 608 0.08 3.31 

1653 Chemainus-Cowichan 589 0.07 3.21 

1103 Tsable-Stamp-Qualicum 540 0.05 2.94 

1264 Tsable-Stamp-Qualicum 514 0.13 2.80 

998 Gold River-Nootka 503 0.46 2.75 

993 Strathcona 502 0.05 2.73 

1224 Tsable-Stamp-Qualicum 494 0.06 2.69 

1355 Tsable-Stamp-Qualicum 476 0.21 2.59 

994 Strathcona 398 0.08 2.17 

1686 Broken Group 368 3.42 2.09 

1631 Broken Group 368 3.27 2.08 

1718 Broken Group 293 11.47 1.88 

1629 Broken Group 293 7.33 1.78 

1682 Broken Group 293 7.70 1.78 
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Table 8H.7.  Portfolio sites in the United States with the highest threat ranks for altered hydrology. This 
ranking takes into account 2 factors; water quality as modeled with 303(d) data, and effects from existing 
dams.  

Unit Site Name 
Stream 303(d) 

Rating Dam Rating 

Hydrological

Threat

2249 Skokomish River 100.000 98.00 98.56 

2285 Wynoochee River 100.000 72.00 79.88 

2047 Olympic National Park 100.000 65.50 75.21 

2235 Skokomish River 100.000 49.00 63.36 

2394 Chehalis River 100.000 33.00 51.86 

2341 Wynoochee River 100.000 33.00 51.86 

2615 Nestucca River 100.000 33.00 51.86 

2060 Olympic National Park 100.000 32.50 51.50 

2073 Olympic National Park 100.000 32.50 51.50 

2096 Olympic National Park 100.000 32.50 51.50 

2127 Olympic National Park 100.000 32.50 51.50 

2078 Olympic National Park 100.000 16.50 40.01 

2089 Olympic National Park 100.000 16.50 40.01 

1990 Sequim Bay 100.000 16.00 39.65 

2646 Mill Creek 100.000 14.00 38.21 

2477 Clatsop Plains-Necanicum River 100.000 13.00 37.49 

2895 Cape Blanco-Elk River 100.000 13.00 37.49 

2005 Olympic National Park 0.000 49.00 35.20 

2203 Olympic National Park 0.000 49.00 35.20 

2221 Olympic National Park 0.000 49.00 35.20 

2435 Willapa Hills 100.000 8.50 34.26 

2520 Clatsop Plains-Necanicum River 100.000 6.50 32.83 

2850 Lower Coquille River 100.000 6.50 32.83 

2891 South Fork Coquille River 100.000 6.50 32.83 

2900 South Fork Coquille River 100.000 6.50 32.83 
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Table 8H.8.   Portfolio sites in British Columbia with the highest threat ranks for altered hydrology. Rankings 
for assessment units in British Columbia only include the effects from existing dams. All other units ended 
with a value of 0 for the threat from dams and total threat. 

Unit Site Name Dam Rating Hydrological Threat 

1860 Juan de Fuca 49.50 75.56 

1228 Tsable-Stamp-Qualicum 33.00 50.38 

1200 Tsable-Stamp-Qualicum 33.00 50.38 

1008 Strathcona 32.50 49.62 

1201 Tsable-Stamp-Qualicum 13.00 19.85 

864 Strathcona 8.00 12.22 

800 Strathcona 2.00 3.06 

736 Strathcona 1.50 2.29 

747 Strathcona 1.50 2.29 

159 Nimpkish-Tahsish 1.00 1.53 

Table 8H.9.   Portfolio sites in the United States with the highest threat ranking for altered fire return interval. 

Unit Site Name Fire Threat 

2430 Doty Hills 78.22 

2922 Lower Rogue River 70.16 

2406 Chehalis River 64.93 

2427 Doty Hills 62.43 

2440 Boistfort 60.86 

2432 Chehalis River 56.53 

2397 Capitol State Forest 55.77 

2463 Castle Rock 53.37 

2931 Lower Rogue River 49.89 

2441 Boistfort 44.20 

2889 Bobby Creek RNA 39.90 

2176 Olympic National Park 25.50 

2524 Milton Creek 24.41 

2934 North Fork/Hunter Creek ACEC 23.35 

2679 Luckiamute River 22.73 

2682 Luckiamute River 21.88 

2393 Capital State Forest 21.04 

2537 Scappoose Creek 19.72 

2160 Olympic National Park 18.86 

2167 Olympic National Park 18.85 

2157 Olympic National Park 17.69 

2215 Olympic National Park 16.66 

2177 Olympic National Park 16.49 

2708 Marys River 15.84 

2550 Scappoose Creek 15.56 



PNW Coast Ecoregional Assessment •Appendix 8H, page 17 of 18 

Table 8H.10.  Total threats score for portfolio sites in the United States as created from the threats surface 
analysis. 

Unit Site Name 

Fire

Threat

Timber

Harvest 

Threat

Hydrological 

Threat

Population 

Density 

Threat

Total 

Threat

2397 Capitol State Forest 55.77 100.00 0.72 0.48 63.95 

2477 Clatsop Plains-Necanicum River 0.78 34.80 37.49 43.76 62.63 

2891 South Fork Coquille River 5.07 91.60 32.83 0.04 61.45 

2809 Coos-Millacoma Rivers 1.59 93.80 0.00 0.12 57.94 

2794 Lower Umpqua River 1.20 85.80 28.16 -0.18 56.88 

2912 Cape Blanco-Elk River 2.00 80.30 28.16 0.00 53.67 

2435 Willapa Hills 1.33 77.10 34.26 0.27 52.79 

2285 Wynoochee River 1.15 66.50 79.88 0.01 52.74 

2844 Coos Mtn 1.63 76.80 28.16 0.05 51.55 

2756 Siuslaw River 2.53 76.70 28.16 -0.03 51.45 

2406 Chehalis River 64.93 72.10 28.16 0.23 50.87 

2430 Doty Hills 78.22 68.50 28.87 0.58 49.48 

2785 Smith River 1.76 72.90 28.16 -0.03 49.08 

2579 Tillamook Bay-Kilchis River 1.06 71.60 28.87 -0.14 48.26 

2827 Coos-Millacoma Rivers 1.53 75.00 0.00 0.16 46.39 

2784 Smith River 2.15 68.20 28.16 -0.03 46.20 

2427 Doty Hills 62.43 70.80 0.00 0.27 45.89 

2628 Nestucca River 1.33 73.90 0.72 0.05 45.72 

2759 Siuslaw River 1.72 63.90 28.16 2.55 45.63 

2922 Lower Rogue River 70.16 68.90 0.00 0.00 44.76 

2758 Siuslaw River 1.58 64.60 28.16 0.00 43.98 

2446 Nacelle River 1.20 71.20 0.00 0.00 43.91 

2539 Upper Nehalem River 1.12 62.70 28.16 0.76 43.41 

2832 Coos-Millacoma Rivers 1.33 60.80 28.87 0.89 42.46 

2748 Siuslaw River 1.60 61.50 28.16 0.13 42.17 
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Table 8H.11.  Total threats score for portfolio sites in British Columbia as created from the threats surface 
analysis. Threat from altered fire regimes was not modeled for assessment units in British Columbia. 

Unit Site Name 

Fire

Threat

Timber

Harvest 

Threat

Hydrological 

Threat

Population 

Density 

Threat

Total 

Threat

1383 Tsable-Stamp-Qualicum 0.00 100.00 0.00 0.60 72.47 

1103 Tsable-Stamp-Qualicum 0.00 94.69 0.00 2.94 70.89 

1517 Nanaimo River 0.00 83.01 0.00 0.69 60.35 

993 Strathcona 0.00 76.22 0.00 2.73 57.40 

1224 Tsable-Stamp-Qualicum 0.00 74.73 0.00 2.69 56.29 

563 Gold River-Nootka 0.00 77.28 0.00 0.39 55.95 

1701 Chemainus-Cowichan 0.00 48.83 0.00 21.63 55.69 

941 Strathcona 0.00 73.04 0.00 0.17 52.68 

231 Nimpkish-Tahsish 0.00 69.85 0.00 1.55 51.70 

909 Strathcona 0.00 71.34 0.00 0.23 51.51 

918 Gold River-Nootka 0.00 64.76 0.00 5.02 51.34 

159 Nimpkish-Tahsish 0.00 67.94 1.53 1.54 50.57 

1403 Tsable-Stamp-Qualicum 0.00 69.43 0.00 0.04 49.97 

192 Nimpkish-Tahsish 0.00 66.03 0.00 1.57 48.97 

1491 Nitinat-Carmanah-Walbran 0.00 67.73 0.00 0.23 48.92 

1257 Tsable-Stamp-Qualicum 0.00 39.07 0.00 20.66 47.75 

471 Campbell-Quadra 0.00 65.82 0.00 0.02 47.36 

1008 Strathcona 0.00 52.23 49.62 0.99 47.00 

1688 Nitinat-Carmanah-Walbran 0.00 63.91 0.00 0.44 46.38 

607 Salmon River 0.00 64.12 0.00 0.03 46.14 

92 Cape Scott-Port Hardy 0.00 63.91 0.00 0.09 46.04 

746 Gold River-Nootka 0.00 63.69 0.00 0.11 45.91 

1228 Tsable-Stamp-Qualicum 0.00 46.07 50.38 4.06 45.61 

78 Cape Scott-Port Hardy 0.00 62.63 0.00 0.45 45.46 

114 Cape Scott-Port Hardy 0.00 60.08 0.00 0.77 43.94 


