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Figure 1. Location map of Glacier Bay National Park and Preserve, southeast Alaska. To view a large version of Figure 1 in a new window, click on the image above.
[bookmark: abstract]Abstract
In April 2004, more than 40 hours of georeferenced submarine digital video was collected in water depths of 15-370 m in Glacier Bay to (1) ground-truth existing geophysical data (bathymetry and acoustic reflectance), (2) examine and record geologic characteristics of the sea floor, and (3) investigate the relation between substrate types and benthic communities, and (4) construct predictive maps of seafloor geomorphology and habitat distribution. Common substrates observed include rock, boulders, cobbles, rippled sand, bioturbated mud, and extensive beds of living horse mussels and scallops. Four principal sea-floor geomorphic types are distinguished by using video observations. Their distribution in lower and central Glacier Bay is predicted using a supervised, hierarchical decision-tree statistical classification of geophysical data.
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[bookmark: introduction]Introduction
Geologic substrates of the sea floor in southeast Alaska provide benthic habitats for recreationally and commercially important species, including halibut, rockfish, shrimp, and king, Dungeness, and Tanner crabs. The study of benthic habitat structure, function, and change is particularly important in high latitudes, where fisheries and complex food webs serve as a global resource, and where signs of climate change are more conspicuous than in other parts of the world.
In Glacier Bay, historical rates of glacier retreat are among the highest documented worldwide: more than 45 km (28 miles) since 1899. Recent work with NASA LandSat7 imagery (http://landsat.gsfc.nasa.gov) revealed that Muir Glacier, at the head of the bay's east arm, retreated more than 7 km in the last 25 years (Hall et al. 1995). Large volumes of fine sediment associated with glacier meltwater can result in rapid proglacial sedimentation. For example, in front of Muir Glacier, the average rate of sediment accumulation between 1900 and 1979 was 37 mm/y (Koppes and Hallet, 2002). These data suggest that some sediment deposits that are meters thick can accumulate on the seafloor on decadal timescales. The effect of such substrate changes on the structure and function of benthic communities is not well understood, nor are the rates at which these processes and responses occur.
We use geophysical data, underwater video, and sedimentologic tools to understand the geologic characteristics of the seafloor and the present distribution of benthic communities in Glacier Bay. Seafloor morphologic features and sediment texture are revealed in high-resolution, multibeam bathymetry and acoustic reflectance (backscatter) data previously collected in lower Glacier Bay (Carlson et al. 2002, 2003).
Observations of seafloor video were logged real-time in the field by a team of geologists and biologists who examined areas of transition between contrasting substrate types, resolved and characterized unique seafloor features, and linked the geology and biology of benthic environments (Etherington et al. 2006; Harney et al. 2006). Common substrates observed include unsorted glacial till (boulders, cobbles, and sand), bioturbated mud, channelized mud, and rippled, coarse-grained sand. Common subtidal biota observed include benthic and demersal fish (including halibut, flounder, sole, pollock, cod, rockfish, and sculpin), several species of crabs, numerous shrimp, high-biomass beds of horse mussels and scallops, and sessile/less mobile invertebrates such as gorgonians, sea pens, echinoderms, anemones, sponges, and urchins.
Bathymetry and acoustic backscatter data were compiled with geologic and biologic video observations in an ESRI Geographic Information Systems database (ArcGIS) and used to construct maps of geologic substrate and habitat distribution in Glacier Bay. These maps are products that enable scientists, parks, and resource managers to better understand benthic habitat characteristics. This information is increasingly important in making decisions about the management of critical environments and resources, the design and utility of marine reserves, and policies on tourism and development. The integrated tools and techniques developed in Glacier Bay also serve as models to study other regions experiencing change on scales relevant to resource management and the function of benthic habitats. The purpose of this report is to make these data and imagery available for public use.
[bookmark: revisions]Revisions and Updates
This GIS compilation may be revised and updated as new data become available, and changes will be posted online. Subsequent versions will be available at http://walrus.wr.usgs.gov/nearshorehab. Changes to the GIS will be described in the Revision History. section. The hosting site could change. If there is no forwarding link, go the USGS home page (usgs.gov) and search for keywords "Glacier Bay habitat."
[bookmark: formats]File and Data Formats
Text files (.txt) on the web site may be viewed without special software. Hypertext mark-up language files (.html) require a browser such as Netscape Navigator or Internet Explorer. JPEG (.jpg) or TIFF (.tif) images may be viewed by many common image software packages. The data files require ESRI ArcExplorer, ArcView, or ArcInfo. ArcExplorer is an application that ESRI licenses without charge for Windows operating systems. ArcView and ArcInfo are licensed applications that must be purchased. Please note that any use of trade, product, or firm names is for descriptive purposes only and does not imply endorsement by the U.S. Government.
The data were compiled in ArcInfo (versions 8.0.2 and 9.0; ESRI 1982-2004), a commercial GIS, in the UTM Zone 8 coordinate system with datum NAD83. Raster data layers are in ArcInfo GRID format or are registered TIFF images. Point, line and polygon features are in ESRI shapefile format. Shapefiles were generated in geographic coordinates with datum NAD83. Each data layer is accompanied by Federal Geographic Data Committee (FGDC) compliant metadata and an overview map.
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METHODS
[bookmark: observations]Sea Floor Video 
Video imagery of the sea floor in Glacier Bay at depths of 15-370 m was obtained in April 2004 on a USGS research cruise aboard the R/V Alaskan Gyre. (The cruise report can be viewed online at http://walrus.wr.usgs.gov/infobank/g/g104gb/html/g-1-04-gb.meta.html). The principal objectives during seafloor video data collection were to: (1) record geologic and biologic characteristics of the seafloor real-time, (2) ground-truth geophysical data (bathymetry and backscatter) by resolving both common and unique features of the sea floor, and (3) examine regions of transition between different substrate types suggested in acoustic backscatter data. Video observations would eventually be used to construct maps of seafloor morphology, substrate type, and habitat distribution. Therefore transect locations were selected on the basis of the existence, quality, and complexity of geophysical data and on regions of geologic transition and/or biologic significance.
A towed video sled was used to collect sea floor data and imagery . The sled was constructed of welded aluminum with the following dimensions: length = 1.36 m (53.5"), width = 0.44 m (17.5"), height = 0.52 m (20.6"). The sled was equipped with forward- and downward-looking video cameras, lights, altimeter, pressure sensor, and pitch and roll sensors. Two down-pointing lasers spaced 20 cm apart provided scale on the seafloor. As equipped (including ballast for deep marine operations), the sled weighed ~57 kg (125 lbs) in air. The rigging consisted of a four-point bridle assembly attached to a swivel. A 14-mm (0.56") electromechanical cable with a strain-relief grip was threaded through the rigging and connected to the electronic components mounted on the sled frame. A 1000-kg (~2200 lb) winch was mounted on the deck of the vessel and used to deploy the camera sled with ~600 m (~2000') of spooled electromechanical cable.
The sled was towed behind the vessel at speeds of 0.5-1.5 knots, and the winch operator maintained its altitude above the seafloor at 1-2 m as much as possible. Video footage was recorded to digital mini-DV tape and then copied to DVD. Ship position was determined by a CSI Wireless differential geographic positioning system (dGPS). All instrument data were multiplexed through a sub-sea housing and transmitted by the 12-conductor cable to a topside console. Latitude, longitude, height above the seafloor, pitch, roll, water depth, ship speed, ship heading, and Greenwich Mean Time (GMT) were continuously imprinted on the digital video tape while recording. These data were also automatically recorded once per second in a navigational text file. 
Positional accuracy of the sled relative to the ship's dGPS position varied with water depth, current speed and direction, and environmental conditions. Cable layback was not measured directly but was estimated to be approximately equal to the water depth during most deployments. For example, along the deepest transects (370 m water depth), video observations may have positional uncertainties of ~200 m relative to the ship's location.
Visually observed sea floor characteristics (geomorphology, sediment texture, and biota) were digitally recorded in real time at 30 second intervals by a geologist and a biologist watching the towed video (after Anderson et al. in press). Observation codes were entered as "events" in G-Nav navigation software (see acknowledgments) using an "X-Keys" programmable keypad and a Dell Inspiron 8100 laptop computer. Time (GMT), dGPS position, and other ship data for were automatically recorded in the text file each time an observation event was entered. Observations at each event included:
· primary and secondary substrate type (e.g. boulder/cobble, rock/sand, mud/mud)
· substrate complexity (rugosity)
· seafloor slope
· benthic biomass (low, medium, or high)
· the presence of benthic organisms and demersal fish
· small-scale sea-floor features (e.g., ripples, tracks, and burrows).
Nearly 42 hours of underwater video were collected and logged real-time in this manner on 52 transects in the lower and central bay, in the Beardslee and Marble Islands, offshore of Tlingit Point, and in parts of the east and west arms (view a location map of video observations).
[bookmark: processing]Processing and Analytical Methods
Seafloor observations and geophysical data were co-registered, integrated, and analyzed using ArcGIS, ArcGrid, and ERDAS Imagine software to formulate predictions of benthic habitat distribution in the central and lower bay (Dartnell and Gardner 2004; Chavez 1984).
All grid calculations were performed using ArcGrid. (Commands and code are available on request.) Multibeam bathymetry and acoustic reflectance data grids (each composed of more than three million pixels) were first de-sampled from 5 m to 20 m pixel resolution. ArcGrid calculations were then performed on both 20-m data grids to quantify the variance of bathymetry and backscatter values within each "kernel" (in this case, 3x3 group of pixels).
"Maximum" acoustic images were calculated for each grid by running a filter that returned the maximum value within a kernel to the center cell of that kernel. "Minimum" acoustic images were similarly calculated such that the center cell of each kernel was the minimum value observed in that kernel. The "variance" was then calculated as the difference between the maximum and minimum images. Results were binned and assigned relative index values of 1-5 using an unsupervised classification in ERDAS. The central pixel of each kernel was assigned the index value which corresponded to the level of variance observed in the surrounding 8 pixels (Table 1). These calculations and steps were performed on four raster images: bathymetric variance, backscatter variance, backscatter intensity, and seafloor slope.
	[bookmark: OLE_LINK1]Index value
	Relative variance, intensity, or slope

	1
	very low

	2
	low

	3
	moderate

	4
	high

	5
	very high

	
	


Table 1. Index of values assigned to the central pixel of each kernel in the raster images to express the relative variability in acoustic data observed within each 3x3 group of pixels.
Bathymetric variance (depth variability)
A measure of the variance in water depth observed in the kernel. When depths were homogeneous within a kernel, the bathymetric variance of the central pixel was low (1); when depths were more variable within a kernel, the index of the central pixel was high (5). For example, high bathymetry variance values resulted for areas of seafloor having a wide range of depths over relatively small area, such as rocky outcrops. Low bathymetry variance values resulted for smooth, flat, or homogeneous areas of seafloor.
Backscatter variance (textural variability)
A measure of the variance in acoustic reflectance (backscatter) observed in the kernel. When the range of backscatter values within a kernel was low, the textural variability index of the central pixel was low (1); when the backscatter values were more variable within a kernel, the index of the central pixel was high (5). For example, high backscatter variance values resulted for areas of seafloor having a wide range of backscatter values, such as a rocky outcrop with pockets of fine sediment (mixed patches of high and low backscatter). Low backscatter variance values resulted for homogeneous areas of seafloor, such as in muddy basins.
[bookmark: classification]Geomorphic Classification
We defined four principal geomorphic classes on the basis of our analysis of acoustic data combined with video observations (Table 2). We constructed a hierarchical decision tree using ERDAS Imagine 8.4 software. The decision-tree framework consists of hypotheses, variables, and rules that use a conditional hierarchy to parse and classify the input data (ERDAS 1999):
· hypothesis = the geomorphic class into which the pixel will be classified
· variable = input data; raster image of derived values (e.g. bathymetry variance)
· rule = a conditional statement about the variable’s pixel (data) values that describes the hypothesis.
Because the variables (raster images) were co-registered, rules are established that compared and tested pixel values within and between images. Multiple rules and hypotheses could be placed in a hierarchy that best described the hypothesis.
Hypotheses were formulated that correlated general substrate type observed in video with bathymetric variance, backscatter variance, backscatter intensity, and slope. Rules were first made to correctly classify the (known) substrate type along video transect lines. These rules were then applied to acoustic data in other areas for which no video observations existed.
We tested each hypothesis by running its set of rules through the supervised decision-tree classification and comparing the geomorphic class output to known substrate type at ~30,000 data points. The final classification scheme that produced the best fit to observational data is summarized in Table 2. These hierarchical rules were eventually used to produce maps of substrate type and sediment texture in Glacier Bay. Further details on how this was accomplished in ArcGIS are provided in the following sections.
	Geomorphic class
	Seafloor characteristics
	Bathymetric variance
	Backscatter variance
	Backscatter intensity
	Slope

	1
	high complexity, high slope boulder or rock 
	3 - 5
	2 - 5
	1 - 5
	2 - 5

	
	
	
	
	
	

	2
	high complexity, low slope boulder or rock 
	3 - 5
	2 - 5
	1 - 5
	1

	
	
	
	
	
	

	3
	fine-grained homogeneous mud
	1
	1 - 3
	1 - 3
	1

	
	
	
	
	
	

	4
	unsorted, unconsolidated sediment (sand- to boulder-sized), glacial till
	1 - 2
	1 - 5
	1 - 5
	1


Table 2. Characteristics of principal geomorphic classes used to define "rules" in a supervised ERDAS decision-tree classification of acoustic data in Glacier Bay.
[bookmark: bathy_class]Bathymetric Classification
Depth is an important factor in the distribution and life history of benthic organisms. Gridded multibeam bathymetry data were sorted into three classes, converted to isobaths, and used to subdivide habitat polygons (Table 3). Bathymetric classes were selected on the basis of biological and geological observations, as well as with an understanding of oceanographic patterns in the bay (Etherington et al. 2004). Depths less than 75 m represent environments with the highest energy and a well-mixed surface layer, particularly those areas south of Sitakaday Narrows and toward the mouth of Glacier Bay. The 200 m boundary was selected on the basis of observed transitions in seafloor geology, benthic community structure, and oceanographic properties that occur bay-wide at this depth and represent a shift to conditions typical of deep-sea environments. Bathymetry values in the ArcGIS data table are in the form of negative elevations relative to sea level.
	Isobath depth range

	<= 75 m

	75 - 200 m

	>= 200 m


Table 3. Depth range of bathymetric class isobaths used to subdivide habitat polygons.
[bookmark: slope_complexity]Seafloor Slope and Complexity
Slope and complexity refer to the bathymetric characteristics of a polygon as observed in sonar data. The degree of slope (0-90°) was calculated from the multibeam bathymetry grid. Complexity is a relative description of seafloor rugosity (roughness), where low values are characteristic of flat, homogeneous sea beds and high values are characteristic rocky, rough, and variable sea beds. Relative values of complexity were assigned to GIS polygons on the basis of video observations, original ERDAS classification, and geomorphic variability within the polygon. For polygons in which bathymetry data did not exist or were inconclusive, slope and complexity fields in the ArcGIS data table were intentionally left blank. Table 4 defines the range of values applied, which are consistent with the Greene et al. (1999) classification system.
	Slope value
	Degree of slope

	1
	</= 1°

	2
	1° to 30°

	3
	> 30°

	Complexity value
	Degree of complexity

	B
	Low complexity

	C
	Moderate complexity

	D
	High complexity


Table 4. Index of seafloor slope and complexity values. Degree of slope was calculated from multibeam bathymetry and binned into three classes (consistent with Greene et al. (1999)). Seafloor complexity was recorded in video observations and is an attribute of those point features. Seafloor complexity is also an attribute of habitat polygon features that was assigned on the basis of bathymetry, backscatter, and video ground-truthing.
RESULTS
[bookmark: seafloor_features]Seafloor Features
[bookmark: sediment_type]Sediment Type
Acoustic reflectance (backscatter) of the seafloor in Glacier Bay is shown in Figure 2 with symbols denoting primary substrate type observed in seafloor video. Coarse grain sizes (e.g. sand, pebbles, cobbles, and boulders) dominate the seafloor of the lower bay (brighter areas). Mud is the dominant sediment type in the deeper central bay (darker areas). 
[image: Link to Figure 2]
Figure 2. Multibeam acoustic reflectance in Glacier Bay , with symbols denoting primary substrate type from video observations. The boxed area corresponds to the region of transition east of Willoughby Island discussed below. To view a large version of Figure 2 in a new window, click on the image above.
Our classification of sonar data does not distinguish between boulder-dominated glacial till and rock reefs because video observations in Glacier Bay revealed no complex rock outcrops. The four-class geomorphic output from ERDAS (described in Methods) served as a basemap for delineating and characterizing polygons of benthic substrates and habitat types in ArcGIS. Polygons were assigned a "bottom induration" of either "mixed" (for glacial till and coarse-sized sediments) or "soft" (for sand-sized and finer sediments). Sediment texture details (such as "sand" and "mud") were assigned to polygons where grain size was reasonably known or inferred from video observations. Sediment texture follows the Wentworth grain-size scale (Table 5).
[bookmark: meso_macrohabitats]Meso/Macrohabitats
Seafloor features between 1 meter and 1 kilometer in scale are defined as "Meso/Macrohabitat" types in the Greene classification system. Several interesting seafloor features were identified in acoustic data and ground-truthed using towed video, including sand waves, gullies, mud mounds, slumps, and depressions (flat basins). Codes for these features follow the Greene et al. (1999) classification system except where noted (codes we created specifically for this environment are shown in Table 6). For example, in the Greene classification system, mounds and depressions are described by the same code ("m"). Because we felt it was important to distinguish bathymetric highs and lows, we employed Greene's "m" class for mounds (high features) and created a unique "v" class for large depressions and flat-floored basins. We created a unique "x" class for polygons in nearshore settings within ~200 m of the high-tide shoreline. These nearshore polygons were also assigned an underscored descriptor to specify the bathymetric class ("x_x" for polygons shallower than 75 m water depth; "x_y" for those in 75-200 m water depth). This distinguishes shallow, more energetic nearshore settings (such as those around the Marble Islands) from shoreline margins that are steeper and deeper (such as those surrounding Tlingit Point).
	Meso/Macrohabitat
	Code
	Description

	gully
	g
	deep, muddy channels, often bounded by with steep walls of channelized mud

	mud slump
	s
	mud deposit at the base of a sloping surface, appearing talus-like in bathymetry.

	mound
	m
	bathymetric “highs” (large-scale features that are shallower than the surrounding seafloor)

	depression (flat basin)
	v
	bathymetric “lows” (large-scale features that are deeper than the surrounding seafloor)

	nearshore
	x_x
	polygons within 200 m of the high-tide shoreline, having water depths </= 75 m

	nearshore
	x_y
	polygons within 200 m of the high-tide shoreline, having water depths > 75 m

	biomodal sediment
	b
	mixture of two distinct 
grain-size classes

	interface
	i
	distinct contact between different substrate or sediment types


Table 6. Codes created in this study to characterize meso-scale and macro-scale seafloor features.
[bookmark: substrate_map]Substrate Map
The distribution of bathymetric classes, sediment type, and meso-scale and macro-scale seafloor features in Glacier Bay is illustrated in Figure 3. In general, mixed, unsorted glacial till (boulder-sized to sand-sized sediment), dominates the lower bay. The seafloor in deeper waters of the central bay is comprised of homogeneous, bioturbated mud.
[image: Link to Figure 3 ]
Figure 3. Map of bathymetric classes, bottom induration, and meso-scale and macro-scale seafloor features in Glacier Bay. To view a large version of Figure 3 in a new window, click on the image above.
[bookmark: regions_transition]Regions of Transition
Transitional areas exist between geomorphic end-members, as shown in the acoustic data and video transect just east of Willoughby Island (Figures 2 and 4). Acoustic reflectance of the seafloor is low in the deeper, northern part of the transect, appearing dark in sonar imagery (200 m water depth). Video confirms the seafloor is low in relief and comprised of soft, muddy, bioturbated sediment (image A). Southward along the transect, acoustic reflectance increases (brightens) as seafloor sediment coarsens to cobbles and boulders (images B-C; 50-90 m water depth). These complex substrates provide habitat for gorgonians, mollusks, and other benthic organisms (images D-E).
[image: Link to Figure 4 ]
Figure 4. Acoustic backscatter data and video observations illustrate a region of transition in seafloor properties east of Willoughby Island, from soft, muddy sediment in the north (top) to coarse-grained boulders and cobbles in the south. To view a large version of Figure 4 in a separate window, click on the image above. Letters A, B, C, indicate the location of images A-C below. The field of view of these images captured from video is approximately 1-2 meters.
[image: Link to Image A ]
Image A. Soft, muddy, bioturbated sediment observed in seafloor video at location A in Figure 4. To view a large version of Image A in a new window, click on the image above.
[image: Link to Image B ]
Image B. Mixed coarse sediment observed in seafloor video at location B in Figure 4. To view a large version of Image B in a new window, click on the image above.
[image: Link to Image C ]
Image C. Cobbles and boulders observed in seafloor video at location C in Figure 4. To view a large version of Image C in a new window, click on the image above.
[image: Link to Image D ]
Image D. Living scallops on sand-cobble substrate observed in seafloor video collected south-east of Willoughby Island (location not shown). To view a large version of Image D in a new window, click on the image above.
[image: Link to Image E ]
Image E. Gorgonians on complex boulder-cobble substrate observed in seafloor video collected south-east of Willoughby Island (location not shown). To view a large version of Image E in a new window, click on the image above.
[bookmark: sand_waves]Sand Waves
In the lower central bay (~50 m water depth), a series of obliquely-oriented features revealed in multibeam bathymetry data were observed in video ground-truthing to be steep sand waves 1-2 m in height (Figure 5). The interface between coarse cobbles and sand ripples is abrupt (image F). Pebbles, cobbles, and shells are abundant in the troughs between ripples (image G).
[image: Link to Figure 5 ]
Figure 5. Obliquely-oriented features in multibeam bathymetry of lower Glacier Bay. Video observations reveal these features are sand waves 1-2 m in height. Linear features also observable in the figure are gouges in sediment caused by iceberg movement (Carlson et al. 2005). To view a large version of Figure 5 in a separate window, click on the image above.
[image: Link to Image F ]
Image F. Abrupt transition between coarse cobbles and sand waves of the lower bay shown in Figure 5. To view a large version of Image F in a new window, click on the image above.
[image: Link to Image G]
Image G. Pebbles, cobbles, and shells are abundant in the troughs between sand waves of the lower bay shown in Figure 5. To view a large version of Image G in a new window, click on the image above.
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[bookmark: habitat]Habitat Classification
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Geomorphic features, sediment types, and bathymetric classes are delineated as polygons in this habitat map, owing to their unique characteristics of sediment texture, physical morphology, and energetic setting, all of which are important to benthic organisms. Suspension-feeding organisms such as mussels, scallops, sponges, and corals were found on mixed substrates in areas of high current, particularly in the lower central Bay. Soft sediment benthic environments were host to halibut, flounder, Tanner crabs, shrimp, other small crustaceans, and infaunal worms. Figure 6 illustrates the distribution of benthic habitat types in Glacier Bay. Table 7 provides a translation of the benthic habitat codes used in this study. Details of the classification methodology can be found in Greene et al. (1999).
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Figure 6. Benthic habitats in Glacier Bay, southeast Alaska. Classification follows Greene et al. (1999). To view a large version of Figure 6 in a new window, click on the image above.
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	Code
	Habitat
description
	Area (m2)
	Area (%)

	Im
	Fjord mixed
	135,787,405
	31

	Im _b
	Fjord mixed bimodal
	48,000
	0.01

	Im _i
	Fjord mixed interface
	4,815,053
	1

	Im _i_t
	Fjord mixed interface heavily bioturbated
	195939.0409
	0.05

	Im _r
	Fjord mixed ripples
	8,1834
	0.02

	Im _r_i
	Fjord mixed ripples interface
	120,000
	0.03

	Im _r_i_t
	Fjord mixed ripples interface heavily bioturbated
	845,745
	0.21

	Im _t
	Fjord mixed heavily bioturbated
	9,066,893
	2

	Im _t_b
	Fjord mixed heavily bioturbated bimodal
	44,582
	0.01

	Img
	Fjord mixed gully
	22,623,546
	5.2

	Img_i
	Fjord mixed gully interface
	3,547,276
	0.81

	Img_i_b
	Fjord mixed interface heavily bioturbated
	1,594,900
	0.37

	Img_t
	Fjord mixed gully heavily bioturbated
	3,522,000
	0.81

	Imm
	Fjord mixed mound
	497,025
	0.11

	Imm_t
	Fjord mixed mound heavily bioturbated
	1,371,600
	0.31

	Ims
	Fjord mixed slump
	5,414,590
	1.24

	Ims/x_x
	Fjord mixed slump nearshore bathy class >-75m
	563,342
	0.13

	Ims_i_t
	Fjord mixed interface heavily bioturbated
	4,236,882
	0.1

	Ims_t
	Fjord mixed slump heavily bioturbated
	17,424,569
	4

	Imv
	Fjord mixed depression
	833,925
	0.2

	Imw_r
	Fjord mixed ripples
	15,600
	0.01

	Imx_x
	Fjord mixed nearshore bathy class >-75m
	9,593,602
	2.1

	Is
	Fjord soft 
	25,927,354
	5.941

	Is _i
	Fjord soft interface
	3,200
	0.00071

	Is _r
	Fjord soft ripples
	17,200
	0.004

	Isg
	Fjord soft(sand) gully
	25,587,410
	5.87

	Isg_i
	Fjord soft(sand) gully interface
	144,400
	0.03

	Isg_t
	Fjord soft(sand) gully heavily bioturbated
	32,482,503
	7.45

	Isv
	Fjord soft depression
	614,265
	0.14

	Isw_r_i
	Fjord soft ripples interface
	86,399
	0.012

	Isx_x
	Fjord soft nearshore bathy class >-75m
	91,100
	0.02

	Is(m)
	Fjord soft(mud)
	26,688,575
	6.12

	Is(m) _r
	Fjord soft(mud) ripples
	17,272
	0.003

	Is(m) _r_t
	Fjord soft(mud) ripples heavily bioturbated
	25,317
	0.01

	Is(m) _t
	Fjord soft(mud) heavily bioturbated
	3,587,580
	0.82

	Is(m) s/x_x
	Fjord soft(mud) nearshore bathy class >-75m
	5,199
	0.001

	Is(m)m
	Fjord soft(mud) mound
	1,961,018
	0.45

	Is(m)s
	Fjord soft(mud) slump
	65,448,806
	15

	Is(m)s/x_x
	Fjord soft(mud) slump nearshore bathy class >-75m
	476,735
	1.1

	Is(m)s/x_y
	Fjord soft(mud) slump nearshore bathy class <= -75m and >-200m
	1,723,051
	0.4

	Is(m)s_b
	Fjord soft(mud) slump bimodal
	27,329
	0.01

	Is(m)s_i_t
	Fjord soft(mud) slump interface heavily bioturbated
	5,410,350
	1.24

	Is(m)s_t
	Fjord soft(mud) slump heavily bioturbated
	6,277,790
	1.44

	Is(m)v
	Fjord soft(mud) depression
	5,888,071
	1.35

	Is(m)v_t
	Fjord soft(mud) depression heavily bioturbated
	1,397,369
	0.32

	Is(m)x_x
	Fjord soft(mud) slump interface nearshore bathy class >-75m
	3,650,170
	0.84

	Is(m)x_y
	Fjord soft(mud) nearshore bathy class <= -75m and >-200m
	1,744,902
	0.40

	Is(s) _r
	Fjord soft(sand) ripples
	119,152
	0.02

	Is(s)g_r
	Fjord soft(sand) gully ripples
	266,359
	0.06


Table 7. Definition of benthic habitat codes in Glacier Bay, southeast Alaska. Classification follows Greene et al. (1999).
DATA CATALOG
Each GIS data file is listed with a brief description, links to figures, metadata files, and downloadable files. The data were compiled in ArcInfo (version 9.1 ESRI, 2005). Raster data layers are registered TIFF images are in the UTM Zone 8 coordinate system with datum NAD83. Point, line and polygon features are in shapefile format, and are projected in UTM Zone 8 coordinates with horizontal datum NAD83. We recommend you create a single new folder within which to unzip the files you want to use.
[bookmark: note]The downloadable files have been compressed with the UNIX "tar" and '"zip" commands and can be unzipped by "g unzip" on UNIX systems or with Winzip on Windows systems. The numbers following ".tgz" are the file size when compressed and uncompressed. The .tgz file for a TIFF image includes the image (.tif), the world registration file (.tfw), and the metadata file (.txt). The .tgz for a shape file includes a .aux, .dbf , .shp, .shx, .sbx, and .sbn file, and the metadata .txt file as well as an .html metadata version of the .txt file.
Some virus-detection software will misinterpret the compressed format as virus-bearing. Use the override option (for example, "Stop" in McAfee VirusScan) to complete the file transfer. 
ArcGIS Project File
Save this ArcGIS Project file glacierbay.tgz (compressed, 71K; uncompressed, 451 K) to the directory you created for this GIS to view with ArcGIS. 
GIS data files
	ArcGIS Theme Description
	Quick view
	Metadata
	Compressed Files
Right-click (Windows) or click-and-hold (Macintosh) to download files from web

	Basemaps

	Bathy Contours at 75m, 200m, and 400m
	bathy_contours_75m_200m_400m.html 
	text FAQ
	bathy_contours_75m_200m_400m.tgz 393K (1.3M)

	Glacier Bay Coast Line
	glacierbay_coastline.html 
	text FAQ
	glacierbay_coastline.tgz 223K (630K)

	Glacier Bay Place Names 
	place_names.html 
	text FAQ
	place_names.tgz 5K (17K)

	Video habitat observations 

	Assorted visual observations of benthic habitat from video of the central bay
	video_obs_centralbay.html 
	text FAQ
	video_obs_centralbay.tgz 105K (238K)

	Assorted visual observations of benthic habitat from video of the Whidbey area.
	video_obs_willoughby.html
	text FAQ
	video_obs_willoughby.tgz 484K (21M)

	Multibeam Bathymetry 

	The multibeam bathymetry data in XYZ ASCII and ArcInfo formats.
	Multibeam Bathymetry Glacier Bay, Alaska
	OF02-391
	Delimited XYZ format 92M (442M)
ArcInfo GRID format 50M (198M)

	Hill shaded image of the multibeam bathymetry data 
	multibeam_hs.html
	text FAQ
	multibeam_hs.tgz 6M (42M)

	The acoustic backscatter data 
	backscatter.html
	text FAQ
	backscatter.tgz 13M (48M)

	Slope image of the multibeam bathymetry data 
	slope.html
	text FAQ
	slope.tgz 13M (48M)

	Benthic habitat polygon shape file 

	Glacier Bay Habitat Polygon Shapefile
	gbhab.html 
	text FAQ
	gbhab.tgz 5M (18M)
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