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EXECUTIVE SUMMARY

During the data integration process of 2004-2005, it became evident that backwater habitat types
during base flow periods (800-1200 cfs) had declined in number and surface area since September 1995.
Backwater surface areas between River Mile (RM) 2 to 180 decreased from 140,000 m” in September
1995 to less than 20,000 m? by October 2003. From 2005 to 2007, backwater surface areas stabilized at
approximately 40,000 m>.

The Habitat Monitoring Program for the San Juan River was revised in 2011. The plan is now designed to
monitor and evaluate habitat changes through time using an office oriented methodology and fewer
habitat categories. Those categories (backwater types and islands) target critical habitat features that
have been directly linked to the rare fish in the San Juan River. The data presented herein is a
summarization of the habitat data collected as part of the current long-term monitoring program. The
data are from 2012, and are reported as part of the 2013 program. Data collected in 2011 and 2012
have used the same methodologies.

The specific objectives of this project correspond to the overall objectives of the long-term monitoring
protocols. Specifically the direct linkage of this projects objectives to the protocol objectives of the Long
Range Plan include:

Objective 1: Annually, following spring runoff, document abundance and distribution of key
habitats and geomorphic features (backwaters, embayments, islands, and total wetted area)
that indicate the response of the river channel and habitat to antecedent runoff conditions and
specific management actions.

Objective 2: Develop relationships between habitat availability and antecedent flow conditions.
Use key habitats for this analysis.

Objective 3: Track long-term trends of habitat availability.

The Bureau of Reclamation photographed the San Juan River between RM 2 and RM 180 on September
20-21, 2012. The flows on the September flight dates were 730 cfs as measured at the Four Corners
USGS gauge, and were within the range of the historical base flow habitat mapping efforts.

The total wetted area (TWA) at the mapping flow was compared against previous mapping. The TWA
was found to be similar to previous mapping efforts. This would suggest that there is no bias using the
current methods compared to the methods prior to 2011.

In the 2012 mapping, the river-wide total surface area of backwaters was 35,077 m?summed over 1,102
individual locations. This represented a reduction in backwater surface area of 22,914 m” compared to
2011. The largest backwaters were found at RM 119 (7 backwaters with a total area of 7,532 m?). This
single river mile accounted for 15% of the total backwaters in the river.

Embayments are habitat features that represent the same low-velocity areas as backwaters, but their
entrance into the main channel faces upstream (in contrast to the downstream-facing entrance of



backwaters). Embayments represented 35% of the surface areas of the total backwater type habitats
(18,557 mz). This represented a 2.5X increase compared to 2011. In absolute numbers, the surface area
and count of embayments in 2012 were twice as high as those observed in 2011. Highest densities were
found between RM67 and 100 where the stream gradient is the lowest. There were 18 individual river
miles that exceeded a total surface area of 200 m” per mile, with RM122 having embayment surface
areas of 5,815 m” (31% of the river wide total embayment area).

Combining the surface areas of both low-velocity habitat types (backwaters and embayments), the
differences between the 2011 and 2012 mappings showed a major loss in reach 1 in 2012 (-11,439 m?
compared to 2011). Other losses occurred at RMs 75, 86, 108, 134, and 170. All exceeded 1800 m? per
mile. Major gains in surface area in 2012 where found at RM 119 and RM 122 and exceeded 6,900 m?
per mile. Unlike backwater and embayment counts, which increased from 2011 to 2012, a river-wide
loss in backwater type habitat area occurred in 2012 with a decrease of 14,143 m” of habitat. This
represented a decrease in 2012 of 20.8% from the November 2011 inventory.

The data integration analysis in 2005 (Miller 2006) indicated that complex channel reaches
corresponded to those areas with islands or multi-threaded channels and complex channel margins. In
2011 and 2012, islands were delineated as part of the Habitat Monitoring Program.

As in 2011, there were 19 individual river miles that had island complexes greater than 100,000 m?, with
the largest surface area composed of six islands at RM153 (1.220 million m?) (Figure 10). A second large
complex of five islands was found in RM 140, having almost 0.96 million m? of surface area. In 2012, 29
river miles had no islands (Figure 10), which was an increase from 18 in 2011. During the 2012 mapping,
there were 225 islands with an average size of 26,151 m?, representing a decrease in 75 islands river-
wide compared to 2011.

One of the objectives of the Habitat Monitoring Program is to investigate the potential role of the
antecedent flow conditions as they relate to the density of the habitats monitored. The datasets
collected since 1995 relative to the habitats in the San Juan River can be used to retroactively look at
characteristics of the San Juan River hydrograph, and compare these characteristics to the fall base flow
habitat densities.

Using a linear regression fit, the r* values between flow conditions and backwater type surface area
ranges between 0.67 and 0.40.



During the data integration process of 2004-2005, it became evident that backwater habitat types
during base flow periods (800-1200 cfs) had declined in number and surface area since September 1995.
Backwater surface areas between RM 2 to 180 decreased from 140,000 m? in September 1995 to less
than 20,000 m? by October 2003. From 2005 to 2007, backwater surface areas stabilized at
approximately 40,000 m>.

Several hypotheses have been proposed as possible causes; including channel simplification, secondary
channel abandonment, or the impact of high runoff flows. Additionally, the channel morphology-
monitoring program (specifically the across-stream transects) indicated a slightly narrower, deeper
channel, which could have lead to channel simplification as a potential mechanism (Miller 2006).

The data integration analysis in 2005 (Miller 2006) also indicated that complex channel reaches (those
with high habitat diversity, islands, multi-threaded channels, and complex channel margins) correlated
to increases in native fish abundance. Furthermore, the captures of the two young-of-year (YOY)
endangered fish also tended to correlate with channel complexity. Finally, backwater and low-velocity
habitats were more likely to occur in reaches with high complexity. As a result, two detailed reaches
were identified for short-term monitoring in the San Juan River during the summers of 2006 through
2010. The goals of this study were to better understand the mechanism or process for creation and
maintenance of these complex reaches, and to understand the processes resulting in the loss or creation
of backwater habitat important for the rare and native fish in the San Juan River (Bliesner, et al. 2009).
In the complex reach studies, to the greatest possible extent, habitat monitoring was closely
coordinated and integrated with fish community monitoring to allow assessment of changing habitat
availability and fish use in response to management actions and population recovery (Bliesner, et al.
2009).

The Habitat Monitoring Program for the San Juan River was revised based on the 2011 Program
Monitoring Plan. The plan is designed to monitor and evaluate habitat changes through time. The data
and information from the Habitat Monitoring Program are intended to be integrated with the other
monitoring activities (native fish population estimates and nonnative fish population abundances) to
allow the assessment of the effectiveness of management actions, such as flow management. A focused
habitat monitoring workshop was held in January 2012, the purpose of which evaluated, refined, and
improved habitat monitoring and mapping work on the San Juan River. This workshop helped to ensure
that the program implemented methodologies that were conducive to answering outstanding questions,
and provided the data necessary to evaluate and revise the SIRIP’s flow recommendations.

The data presented herein are based on the habitat data collected as part of the current long-term
monitoring program. The data are from 2012 and reported as part of the 2013 program.



PROJECT OBIJECTIVES

The specific objectives of this project correspond to the overall objectives of the long-term monitoring
protocols. Specifically, the direct linkage of this project’s objectives to the protocol objectives of the
Long Range Plan include:

Objective 1: Annually, following spring runoff, document abundance and distribution of key
habitats and geomorphic features (backwaters, embayments, islands, and total wetted area)
that indicate the response of the river channel and habitat to antecedent runoff conditions and
specific management actions.

Objective 2: Develop relationships between habitat availability and antecedent flow conditions.
Use key habitats for this analysis.

Objective 3: Track long-term trends of habitat availability.

Utilizing Bureau of Reclamation staff, a helicopter using a high-resolution color digital video recorder
acquired high-resolution images of the San Juan River from approximately the confluence of the Animas
River (RM 180) to the Clay Hills takeout area (RM 2). The river was flown on September 20 and
September 21, 2012 at a flow of 730 cfs, as gauged at the Four Corners USGS Station (No. 09371010).

Using ESRI Arcmap 10.0, digital video images were imported and post-processed by the authors, and
subsequently overlaid on 2011 geo-referenced National Agriculture Imagery Program (NAIP) county
mosaics for the full extent of the river floodplain boundaries. Each individual image was geo-referenced
and rectified by first acquiring a minimum of 10 ground control points (GCP) on the NAIP images as
references, and rectified by used a spline raster transformation program. This transformation process
optimized the GCP local control point accuracy. Each individual image was rectified with a minimum of
20% overlap with the previous up-river image. The end product was a collection of geo-referenced, high-
resolution (0.1 meter) images of the San Juan River (Figure 1).

The initial total wetted area for the San Juan River was estimated by using the vector editing program
within Arcmap and the above mentioned rectified, high-resolution images. Using the polygram function,
a vector image of the water’s edge was created for each mile and geomorphic reach in the San Juan
(Figure 2). These vectors were then transformed into an individual mile-specific polygon, from which a
total wetted area could be determined. Islands were delineated (defined as any in-stream, non-wetted
structure with at least 50% vegetation coverage), as well as any non-wetted in-stream structures such as
sand bars, cobbles bars, or debris piles. Once delineated, these areas were subtracted from the total
wetted area to estimate the actual wetted area for each reach in the system. Island structures were
delineated per mile, and uniquely identified as part of the comprehensive data set.
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Figure 2. An example of a habitat identification and delineation vector image used in the habitat analysis (River
Mile 69). All delineations were made by the authors.



Backwater and embayment habitat types were also delineated using the same polygon-editing tool as
referenced above, creating a unique vector image for each individual habitat (Figure 2). Habitats were
first identified using the wetted edge vector image, then observed with the high-resolution image to
ensure accurate habitat identification. All pertinent habitat and island structure locations, individual
identifications, and areas were exported from Arcmap into Microsoft Excel for analysis. Newly created
habitats in the RERI (River Ecosystem Restoration Initiative) sites were also included.

The Bureau of Reclamation photographed the San Juan River between RM 180 and RM 2 on September
20-21, 2012. The flow hydrograph and the flight dates can be seen in Figure 3. River discharge on the
flight dates was 730 cfs, as measured at the Four Corners USGS gage (Figure 3). In addition, the
antecedent conditions of the hydrograph were used in the analysis to address Objective 2 (Table 1).
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Figure 3. The hydrograph at the Four Corners USGS gauging Station (No. 09371010 ) in 2012. The red dot
represents the flight dates/flows.

TOTAL WETTED AREA

The total wetted area analysis is conducted as a check against photographic/mapping bias. A flow-total
wetted area regression relationship had been developed based upon paired historical imagery and field
mapping data sets for the same reaches of the San Juan River (RM 2-180) as this study. Using a desktop
interpretation without field verification could have resulted in an unexplained deviation from this
relationship. As a check against bias, the total wetted area as mapped in 2012 and the mapping flow
were compared to the historical data (Figure 4). The 2012 data fall within the variation experienced by
the field data mapped at flows less than 1000 cfs. This indicates that the rectification of the video



imagery and the subsequent mapping methodology is as accurate as the historical field verification and
post image processing.

Table 1. The antecedent flow conditions for the 2012 hydrograph as measured at the Four Corners gaging
station (No. 09371010).

Year 2012
Peak Runoff (cfs) 5,680
Runoff (Mar-July af) 385,653
Total Runoff (Annual af) 665,124
Peak Date 25-May
Days > 10,000 cfs 0
Days > 8,000 cfs 0
Days > 5,000 cfs 7
Days > 2,500 cfs 10

BACKWATERS AND EMBAYMENTS

The backwaters and embayments were mapped within the total wetted area perimeter. Data were
summarized by river mile, as well as by river reach. The spatial distribution of backwater surface area,
count, and average size by river mile can be seen in Figure 5. In a similar manner, embayment area,
count, and average size are shown in Figure 6. The differences in the total backwater and embayment
areas, count, and average size compared to the same river mile from 2011 mapping are shown in Figure
7.

In the 2012 mapping, the river-wide total surface area of backwaters was 35,077 m?summed over 1,102
individual locations. This represented a reduction in backwater surface area of 22,914 m” compared to
2011. The data indicate that a high surface area and density (via counts) for backwaters were also found
in the lower 16 miles of the San Juan River (although lower in 2012 than in 2011). The average surface
area of each backwater in the lower reach was only 32 m?, accounting for 5,880 m? of backwater surface
area (only 11% of the river-wide total compared to 29% in 2011). In the non-canyon reaches of the San
Juan River (3-6), large backwater complexes were found in Reaches 3 and 4. In Reach 3, densities
average 10 per mile, with an average surface area of just less than 100 m”.The largest backwaters were
found at RM 119 (7 backwaters with an area of 7,532 m?). This single river mile accounted for 15% of the
total backwaters in the river. In addition, RM 122 and RM 133 had over 1,200 m? of backwater surface
area with average sizes near 600 m°. Within the 178 river miles mapped, only 11 individual river miles
had no backwaters.

Embayments are habitat features that represent the same low-velocity areas as backwaters but their
entrance into the main channel faces upstream (in contrast to the downstream-facing entrance of
backwaters). Embayments represented 35% of the surface areas of the total backwater type habitats
(18,557 m~2). This represented a 2.5X increase compared to 2011. In absolute numbers, the surface



area and count of embayments in 2012 were twice as high as those observed in 2011. Highest densities
were found between RM67 and 100 (Figure 6) where the stream gradient is the lowest.

The counts of embayments averaged 4 per mile, compared to 6 per mile for backwaters. Overall,
average sizes were equal (30 m?). However, 18 individual river miles exceeded a total surface area of
200 m” per mile (Figure 6), with RM 122 having embayment surface areas of 5,815 m? (31% of the river-
wide total embayment area). Only 18 individual river miles had no embayments. These river miles with
no embayments were uniformly distributed throughout the river system.
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Figure 4. The total wetted mapped area (mz) vs. flow at mapping (cfs) is compared to the 2011 (yellow dot) and
2012 data (red dot).

HISTORICAL COMPARISON OF TOTAL BACKWATER TYPE HABITAT

The last river-wide field habitat mapping occurred in November 2007. In 2011, mapping from just video
images was started using only airborne videography. The 2012 mapping used the same methods as
2011. As a comparison to the 2011 historical data, the sum of the embayments and backwaters per mile
(defined as backwater type habitats) were compared to these same habitats from 2011 (Figure 7). The
middle graph of habitat counts clearly shows that the mapping in 2012 found a much higher number of
backwater type habitats compared to 2011. The increase was mostly in reach 3 (RM 68-105) and was
represented by an increase in embayments. River wide, backwater type habitats increased from a total
count of 1472 in 2011, to 1784 in 2012, which was an average increase of over two backwater type
habitats per mile.



The comparison of the surface area differences between the two years (Figure 7) shows a major loss in
reach 1(-11,439 mzcompared to 2011). Other losses occurred at RMs 75, 86, 108, 134, and 170. All
exceeded 1800 m?*per mile. Major gains in surface area were at RM 119 and RM 122, and exceeded
6,900 m? per mile. Unlike counts, which increased from 2011, a river-wide loss in backwater type habitat
area occurred in 2012 with a decrease of 14,143 m? of habitat. This represented a decrease of 20.8%
from November 2011.

A longer historical perspective can be obtained by comparing the annual base-flow habitat monitoring
that occurred between 1995 and 2007 using the fall monitoring data. These data are the sums of
embayments and backwaters by river reach and are shown in Figure 8, as well as Table 2. Data from
2011 and 2012 are also shown.

Historically, the largest amount of backwater type habitats measured during base-flow occurred in the
fall 1995 and winter 1996. From the fall of 1996 to the fall of 2003, backwater surface area substantially
decreased from a river-wide high of 145,969 m’to a low of 20,294 m? in 2003 (an 86% decrease). Since
2003, backwater habitat area has been increasing annually, reaching a post-2003 high in 2011 of 67,786
m?. This represents the highest year since the winter of 1996. As noted previously, 2012 backwater
type habitats lost surface area, thus reversing an increasing trend since 2003. As shown in Table 2, most
of the losses can be attributed to the canyon reaches of the river. Although large losses occurred in
Reaches 5 and 6, they were offset by gains in Reaches 3 and 4.

ISLANDS

The data integration analysis in 2005 (Miller 2006) indicated that complex channel reaches
corresponded to those areas with islands or multi-threaded channels and complex channel margins.

Based on the habitat mapping data collected during the research and monitoring periods (1993-2007),
there is a significant relationship between the number of islands per mile and habitat richness per mile
(Figure 9). Because of this relationship, and the follow-up work completed on several complex reaches
between 2006 and 2010 (Bliesner et al. 2009), it was decided that the Habitat Monitoring Program
should track island count and area as part of the monitoring program as a surrogate for river complexity.

ISLAND AREA, COUNT AND AVERAGE SIZE

In 2011 and 2012, islands were delineated as part of the Habitat Monitoring Program. Because there are
no islands in the canyon reach of the San Juan River, the data start at RM68 and continue upstream to
RM180. As in 2011, there were 19 individual river miles that had island complexes greater than 100,000
m?, with the largest surface area composed of six islands at RM 153 (1.220 million m?) (Figure 10). A
second large complex of five islands was found in RM 140 having almost 0.96 million m”of surface area.
In 2012, 29 river miles had no islands (Figure 10), which was an increase from 18 in 2011. During the
2012 mapping, there were 225 islands with an average size of 26,151 m?, representing a decrease in 75
islands river-wide compared to 2011.
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Figure 5. The spatial distribution of backwater area (above), count (middle), and average size (lower) in the San
Juan River for the September 2012 video mapping.
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Figure 6. The spatial distribution of embayment area (above), counts (middle), and average size (lower) in the
San Juan River for the September 2012 video mapping.
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Figure 7. The comparison of the sum of embayments and backwater by river mile between 2012 and 2011.
Positive values indicate gains since 2011, while negative values are losses. Differences in area (above), counts
(middle), and average size (below) are shown.
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Figure 8. The densities of backwater type habitats by year and geomorphic reach for the San Juan River. Data

were collected during fall base flow.

Table 2. A summary of the surface areas (mz) of backwater type habitats found in the San Juan River annually
since 1995 to 2011, compared to the recent data collected in 2012. Data are grouped by geomorphic reach or
canyon/non canyon reaches. A river-wide summary is also included. Flows at mapping are shown in the bottom
row and were less than 1200 cfs, thus representing a base flow habitat density.
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Figure 9. The relationship between the number of islands and the concurrent number of habitats in
the same river mile in the non-canyon reaches of the San Juan River. Data are for averages from the
1993 to 2007 time period.

Using the previous year’s river mapping data (2011), the 2012 data were compared by river mile for
total area, total count, and average island size. In Figure 11, a positive response indicates that that the
island parameters were greater in 2012 when compared to 2011 for that river mile. The changes
observed from 2011;-reflect the loss and gain of secondary channels. For example, at RM 122, the loss of
a secondary resulted in the loss of island area (Figure 10) and the gain of backwater type habitats (Figure
7). The opposite process was observed at RM 126 where the inundation of a historical secondary
resulted in the gain of island area. This site was a RERI (River Ecosystem Restoration Initiative )
restoration site where this abandoned secondary was mechanically reopened. This represented the
largest single gain in the river.

The spatial distribution of island counts compared to 2011 reflects the consistent loss of islands
throughout the river (RM 68-180). The change in island density from 2011 to 2012 was a loss of 75
islands. This was partially caused by the lower flow at mapping (726 cfs) in 2012 compared to 930 cfs in
2011. Lower flows would result in the abandonment of secondary channels.

Between 1995 and 2012, the total island area has ranged from a low of 6.9 million m?in January 1996 to
a high of 11 million m?in November 2005 (Figure 12). The total island area has shown a decreasing
trend since the high in 2005, which has continued into 2012. The total island area for 2012 was 7.731
million m?.



The historical trend in total river-wide island counts has been a steady, annual decline from a high of
339 islands in November 1997, to a low in October 2003 (182). From October 2003 to November 2011,
the island counts had uniformly increased with time. However, in 2012, the loss of 75 islands has
reversed this trend.

The average island size over time has shown three distinct patterns. Initially, average island size was
approximately 54,000 m®in 1995, and continuously dropped through 1997 with a low of 27,140 m®.

From 1997 to November 2004, average size only varied by only 10,000 m*with no apparent trend. In
2005, the average size again increased to 46,290 m?, but has steadily declined from that high. When
compared to the 2011 data (lowest average size since 1995), the 2012 data have reversed that trend
with an increase in average size by 6,000 m®.

ISLAND PERIMETER

In addition to island area, count, and average size, the spatial trend in island perimeters per mile was
estimated as well as historical trends. The sum of island perimeters is a surrogate for the additional
wetted edge provided by islands.

The spatial trend in these data can be seen in the bottom panel of Figure 10 and the difference between
2011 and 2012 in Figure 11. In 2012, there were 148,500 linear meters of additional river’s edge without
any apparent spatial trend. This represented an average of 1,326 meters per mile from RM 68 to 180.
The historical trend in this parameter can be seen in Figure 13. A high of 200,000 linear meters was
measured from the mapping data for 1998. Since that time, the linear edge attributed to the presence
of islands in the San Juan River has remained somewhat stable, ranging from 124,000 to 185,000 linear
meters. Compared to 2007, the river lost 1,582 linear meters in 2011. In 2012, when compared to 2011,
an additional 23,847 meters of linear edge was lost. This continues the trend of annual loss from
November 2006.

DISCUSSION

In 2011, a modified methodology for habitat mapping was employed relative to the field mapping
undertaken in previous years. This methodology was based upon the work of Carter el al (1986) and
Pucherelli and Clark (1990). This new approach has allowed the Habitat Monitoring Program to map at a
resolution of approximately 10 centimeters compared to over 2-3 meters in past efforts. This has led to
the mapping of smaller backwater type habitats and smaller islands than in previous years, and the
effects can be clearly seen in Figure 14.

In the 2012 final report (Lamarra and Lamarra 2012), a comparison was drawn between the size
distributions of backwater sizes between 2007 and 2011 data. Using 2007 as an example, the smallest
surface area of a backwater mapped was 20 m?, but it was noted in 2011; that almost 70% of the
mapped backwaters were equal to or smaller than 20 m®. Because 1,039 backwater type habitats of
these smaller sizes were mapped in 2011 compared to only 5 in 2007, this skewed the frequency
distribution to smaller sizes than in previous years (Figure 14, upper). The 2012 size distribution was
similar to the 2011 data with 1,503 habitats mapped at the smaller sizes. This verified our 2012 final
report assumption that the higher resolution enables the mapping of smaller-sized backwater habitat



types. As in the analysis of the 2011 data, care should be taken when comparing the counts between
the two methods. A more accurate comparison would be to compare the number of backwater types
greater than 30 m? between 2007 and 2011-2012. In that case, 433 backwater types were mapped in
2011 and 298 in 2012, compared to 160 in 2007.

Looking at the frequency distributions of the various sized areas of backwaters (expressed in m?) as they
relate to the total summed area in each size category, expressed as a percent of total river-wide
backwater area, demonstrates that the smaller backwater type habitats, less than or equal to 20 m?, in
2011 and 2012 were 71% and 83% respectively of the total count. However, they were only 7% and 12%
of the total area. In terms of surface area, in all three years, backwater types greater than 150 m”
represented 92, 71 and 70% of the total backwater type area. These large backwaters are mapped
equally by both methods. Because of the similarities of the frequency distributions, using the surface
area of backwater habitat types as a comparison between years is more accurate for examining
temporal trends.
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Figure 10. The spatial distribution of island area (above), island count (middle), and average island size (lower)
per river mile in the San Juan River. Data were collected in September 2012 during fall base flow.
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Figure 11. A comparison between 2011 and 2012 data for islands in the San Juan River in the non-canyon area.
Data are for area (above), count (middle), and average island size (below) by river mile. Data are for September
2011 and September 2012. Positive values indicate a gain in 2012, while negative values represent a loss.
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Figure 12. The long-term trend in island area (above), island count (middle), and average island size (lower) for
the San Juan River between 1995 and 2012 for Rm 68 to 180.
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Figure 13. The temporal changes in total linear edge of all islands in the San Juan River from 1995 to 2012. Data
were collected at base flow.

Islands were also investigated using a frequency distribution analysis. Island area, count, and perimeter
were binned into size classes based upon surface area. In each case, the total area, count, or perimeter
was summed for all islands falling within each bin and a frequency was calculated based upon the river-
wide total area, count, or linear perimeter. The comparison between 2007 and 2011-2012 data sets are
very similar, except for island counts in the smaller size categories in 2011 and 2012. Most of the islands
in this smallest size category were small islands located in secondary channels. These small islands did
not register on the earlier videography (i.e. 2007). The frequency distributions of the island surface area
and linear island edge were in agreement with the historical data collected in 2007 when compared to
the 2011 data. This indicates that island area and island edge maybe good parameters to track over
time.
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Figure 14. The frequency distributions of backwater types based upon count (above) and surface area (below).
The bins are based on the sizes of backwaters expressed in mA2. Data are for Rm 2-180 in the San Juan River.



HABITAT AND ANTECEDENT FLOW CONDITIONS

One of the objectives of the Habitat Monitoring Program is to investigate the potential role of the
antecedent flow conditions as they relate to the density of the habitats monitored. The datasets
collected since 1995 relative to the habitats in the San Juan River can be used to retroactively examine
characteristics of the San Juan River hydrograph and compare these characteristics to fall, base flow
habitat densities. An example of the hydrograph characteristics (antecedent flow conditions) was
provided in Table 1 for 2012. Using the paired data from the backwater mapping and the previous
hydrologic conditions since 1995, regression analysis was undertaken to look for potential relationships
between antecedent flow conditions and backwater surface areas (Figure 15). Using a linear regression
fit, the r? values between flow conditions and backwater type surface area range between 0.67 and
0.40. Inspection of these curves shows that to some degree, the September 1995 data may strongly
influence these relationships. The magnitude of the increase in surface area of backwater type habitats
in September 1995 were real, and in fact were still present in the San Juan during our subsequent
January 1996 mapping (4 months later). These data are present in Figure 8. It should be noted that both
2011 (yellow dots in Figure 15) and 2012 (red dots in Figure 15) fall above the model line developed
from the data after the 1995 runoff flow conditions. Understanding the cause and effect in the
relationships may prove problematic in that there are significant cross-correlations between the
hydrologic parameters. These cross-correlations are provided in Table 3.



Table 3. A summary of the cross-correlations within the antecedent flow condition variables for the San Juan

River.
Spring Total Annual
_ Peak Flow Peak Date Days > Days > Days > Days >
N=15 (cfs) R”";’tf)f (ac R"";’tf)f (ac (DOY) 10,000 8,000 5,000 2,500
|1 081 | 068 | 0.004 | 057 | 059 | 0.79 | 0.71
Spring
Runoff (ac 1 0.89 0.02 0.71 0.69 0.96 0.97
ft)
Total Annual
Runoff (ac 1 0.04 0.5 0.5 0.85 0.91
ft)
Peak Date
(DOY) 1 0.003 | 0.004 | 0.01 0.05
Days >
10,000 1 0.92 0.7 0.67
Days > 8,000 1 0.66 0.64
Days > 5,000 1 0.91
Days > 2,500 1
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Figure 15. A series of linear regressions between antecedent flow condition parameters and
backwater surface area. Data are from 1995 to 2012 in the San Juan River. Red sample points are the
current data collected in 2012, while yellow is 2011.

CONCLUSIONS

1)

The methods employed in the 2012 habitat mapping proved to be effective in delineating
backwaters, embayments, and islands.

The data were found to be comparable with the 2011 mapping efforts.

As in 2011, the 2012videi images, allows more detailed resolution and therefore results in
mapping of smaller sized backwaters and islands.

Island linear edge may prove to be a valuable parameter in the integration of biological data.

Antecedent flow conditions produced linear relationships when compared to backwater surface
areas with a range in r’ of 0.67 to 0.40.

A comparison between 2011 and 2012 indicates that the San Juan River lost almost 13,000 m? of
backwater habitat types- primarily in the canyon reaches of the river.

From 2011 to 2012, the San Juan River lost 75 islands. Some of this loss can be attributed to a
lower mapping flow in 2012 compared to 2011.

In the 2013 program, an attempt will be made to quantify the differences between the two
mapping methods (pre 2011 mapping, and post 2011 mapping). In addition, reaches
selected at random will be mapped by separate individuals and compared as a measure of

technician variability.



LITERATURE CITED

Bliesner, R., de la Hoz, E.A., P. Holden, and V. Lamarra. 2009. Detailed Reach Study. San Juan River Basin
Recovery Implementation Program. U.S. Fish and Wildlife Service, Albuguerque, New Mexico.

Carter, J.G., V.A. Lamarra., and R. J. Ryel. 1986. Drift of Larval Fishes in the Upper Colorado River. Journal
of Freshwater Ecology 3:567-577.

Lamarra V.A and Daniel Lamarra. 2012. San Juan River Basin Recovery Implementation Program Annual
Habitat Monitoring Report: 2012. U.S. Fish and Wildlife Service, Albuquerque, New Mexico.

Miller, William J. 2006. Final- San Juan River Standardized Monitoring Program Five Year Integration
Report. Prepared by : The San Juan River Basin Recovery Implementation Program Biology Committee
and Researchers. U.S. Fish and Wildlife Service, Albuquerque, New Mexico

Pucherelli, M. J., and R.C. Clark 1990. San Juan Habitat Mapping Using Remote Sensing Techniques, AP-
90-4-2 U.S.Bureau of Reclaimation.



