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May 14, 2019 Meeting Agenda 

Science and Habitat Restoration Work Group (ScW/HR) 
 

May 14, 2019 
10:00 PM – 12:00 PM 

 
WEST Offices 

8500 Menaul Blvd NE; 3rd Floor 
 

Call-In Information: 712-451-0011; Code 141544# 
 

Meeting Agenda 
 

10:00 – 10:10 Welcome, Introductions, and Agenda Review 
 Decision: Approval of May 14, 2019 meeting agenda 

 

Ashley Tanner 

10:10 – 10:20 Review of March 12, 2019 ScW/HR Meeting 
 Review Action Items  
 Decision: Approval of March 14, 2019 meeting minutes 

 

Ashley Tanner 

10:20 – 10:25 Announcements/Updates on State Water Initiatives  
 

Julie Dickey 

10:25-11:30 Annual RGSM Population Monitoring Presentation 
 

Rob Dudley 
(ASIR) 

11:30-11:35 Break  

11:35-11:55 SOW Updates and Project Description Review 
 Action Item: Review SWFL Surveys project description 
 Decision: Approval of SWFL Surveys project description 

to be sent to the EC and further developed. 
 

Ashley Tanner 

11:55 – 12:00 Additional Items and Next Meeting Date 
 

Ashley Tanner 

12:00  Adjourn  
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Science and Habitat Restoration Work Group (ScW/HR) 

Meeting Minutes 

May 14, 2019 

10:00 PM – 12:00 PM 

Location: WEST Offices, 8500 Menaul Blvd NE; 3rd Floor 

Decisions: 

 The ScW/HR approved the May 14, 2019 meeting agenda.
 The ScW/HR approved the March 12, 2019 meeting minutes with no changes. 
 The ScW/HR approved the SWFL Surveys project description to be sent to the EC for 

approval, and subsequently developed into a full SOW. 

Action Items: 

WHO ACTION ITEM BY WHEN

Chad McKenna and 
Grace Haggerty 

Send Doodle poll for late May, habitat restoration-focused float 
trip to ScW/HR members 

May 17th

All participants Send suggestions for stops to be made during the habitat 
restoration field trips to Chad McKenna 

May 24th

Chad McKenna and 
Grace Haggerty 

Send information, including suggested gear, for the June 11th

habitat restoration field trip (via vans) 
May 28th

Clint Smith, Lori 
Walton, Vicky Ryan, 

Ashley Tanner 

Convene small group to develop the SWFL Surveys SOW June 2019 

Next Meeting: TBD
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Meeting Minutes 

Welcome, Introductions, and Agenda Review 
Ashley Tanner, Deputy Science Coordinator with Western EcoSystems Technology, Inc. (WEST), 

opened the meeting and reviewed the proposed meeting agenda. 

 DECISION: The ScW/HR approved the May 14, 2019 meeting agenda with no changes.

Review of March 12, 2019 ScW/HR Meeting 
Ashley T. reviewed the status of Action items from the March 12, 2019 meeting: 

 Scope of Work (SOW) descriptions for project numbers 20, 41, and 77 were brought to 
the Executive Committee (EC) in March; all three were approved for development into 
full SOWs by the ScW/HR. 

 Project #87 was moved forward to the Population Monitoring Work Group (PMWG) and 
the description was subsequently approved by the EC for further SOW development by 
the PMWG. 

 Project descriptions were also sent to Brian Hobbs, Bureau of Reclamation 
(Reclamation); Brian H. is pursing funding for the Yellow-billed Cuckoo genetics project 
(#66) as a grant. YBCU genetic samples will be sourced from different universities 
starting in the near future. 

 DECISION: The ScW/HR approved the March 12, 2019 meeting minutes with no 
changes.

Annual Rio Grande Silvery Minnow (RGSM) Population Monitoring Presentation
Rob Dudley, American Southwest Ichthyological Researchers, LLC (ASIR), presented the results of 
the annual RGSM population monitoring efforts (coauthors Steve Platania, ASIR, and Gary White, 
Colorado State University). 

During the presentation, Rob D. made the following points in response to questions from the 
ScW/HR:  

 Adults are sampled before larval fish. 
 When there is flooding, sampling begins upstream and continues downstream until quotas 

are met 
 The population estimation study was funded by the Collaborative Program/Reclamation in 

the 2000s for six years. While Rob D. did not know for certain why the study ended, he 
noted that the trends for population estimation are similar to those of population 
monitoring. 

 RGSM are capable of spawning within a year of hatching, but reproduction is not likely to 
occur until the age of one year. 

 During years when overbanking occurs, sampling occurs along the margins/transitional 
zone; isolated regions are not sampled. 

 There was a sharp drop in the rank abundance of RGSM in 2018. Contributing factors may 
have included the lack of spring runoff or spring runoff flashed, subsequently trapping fish. 

 A long-term flow/inundation model would be useful in analysis of inundation sites. 

SOW Updates and Project Description Review 



Science and Habitat Restoration Work Group  Page 3 of 4 
May 14, 2019 – Meeting Minutes 

Ashley T. discussed the background of the Southwestern Willow Flycatcher (SWFL) Surveys in the 
Belen Reach (handout provided). Beginning in 2019, SWFL presence/absence surveys in the Belen 
Reach were no longer be part of the annual SWFL surveying efforts in the MRG due to lack of 
funding. She asked the ScW/HR group if there was interest in developing a SOW to conduct surveys 
within this reach to provide continuity of valuable species distribution information.  

Recommendations for involvement in developing the SOW included U.S. Fish and Wildlife Service 
(USFWS), Reclamation, and the Middle Rio Grande Conservancy District (MRGCD). Ashley T. 
suggested that Audubon be in the loop as well. There was a suggestion to add SWFL surveys in the 
Angostura reach as well. In consideration of cost, it was agreed that surveys in the Angostura reach 
could be an optional task in the SOW.  

 DECISION: The ScW/HR approved the SWFL Surveys project description to be sent to the 
EC for approval, and subsequently developed into a full SOW by a small group including 
Clint Smith, Lori Walton, Vicky Ryan, and Ashley T.

 ACTION: Convene small group to develop the SWFL Surveys SOW

Additional Items and Next Meeting Date 
Chad McKenna, GeoSystems Analysis (GSA), provided an update on the geodatabase of habitat 
restoration projects. He is working to integrate missing sites and is waiting on a few agencies to 
provide data. In the following week, he will merge what data has been provided and update 
attribute layers as much as possible. There are tentative plans for a workshop for interested 
participants in the Collaborative Program and the U.S. Geological Survey (USGS) in mid-June to 
solicit feedback on the database.  

Chad M. also indicated that he and Grace H. from NMISC have been planning some field trips to 
visit habitat restoration sites, given the high flows this year. Chad M. offered to be the point of 
contact for these trips. 

 A van trip on June 11th could incorporate different habitat restoration themes at various 
stops within the Albuquerque Reach, Sevilleta National Wildlife Refuge, and San Acacia 
Reach, including integrated discussions of long-term maintenance and monitoring. 

 A float trip through the Albuquerque Reach could be scheduled for late May (gear can be 
provided). 

 ACTION:  Send Doodle poll for late May, habitat restoration-focused float trip to 
ScW/HR members

 ACTION:  Send suggestions for stops to be made during the habitat restoration 
field trips to Chad McKenna

 ACTION:  Send information, including suggested gear, for the June 11th habitat 
restoration field trip (via vans)

Ashley T. notified the work group that the ScW/HR is not likely to meet during the summer field 

season, but there will be small group meetings. Ashley T. will send a doodle poll when SOWs are 

ready for discussion. Otherwise, contact Ashley T. if the need for a meeting is identified. 
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Meeting Participants 

Participant  Organization 

Jen Bachus U.S. Bureau of Reclamation 

Adam Barkalow American Southwest Ichthyological Researchers, LLC  

Robert Dudley American Southwest Ichthyological Researchers, LLC  

Kim Fike Bosque Ecosystem Monitoring Project 

Lynette Giesen   U.S. Army Corps of Engineers 

Grace Haggerty   New Mexico Interstate Stream Commission 

Alison Hutson New Mexico Interstate Stream Commission 

Joel Lusk U.S. Fish and Wildlife Service  

Kathy Lang City of Albuquerque BioPark 

Chad McKenna GeoSystems Analysis, Inc. 

Kate Mendoza Albuquerque Bernalillo County Water Utility Authority 

Matthew Peterson City of Albuquerque Open Space 

Dana Price U. S. Army Corps of Engineers 

Justin Reale U. S. Army Corps of Engineers 

Rich Valdez SWCA Environmental Consultants 

Janet Armstead Western EcoSystems Technology, Inc. 

Debbie Lee Western EcoSystems Technology, Inc. 

Ashley Tanner Western EcoSystems Technology, Inc. 



Insights from Long-term, High Frequency, 
Water Quality Monitoring in the MRG

May 14th, 2019 MRGESA Collaborative Program
David J. Van Horn, Clifford N. Dahm - Department of Biology; 

University of New Mexico, USA
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Talk Outline

1) Previous water quality sampling studies in the MRG

2) Introduction to the instruments and field sites

3) Introduction to the data

4) Three water quality stories:

a. Forest fire impacts

b. Urban versus non-urban stormwater impacts

c. Whole stream metabolism 



Previous Water Quality Studies in the MRG



History: 2006 – Present

Goals: Assess temporal and spatial water quality trends in 
the Middle Rio Grande (MRG)
Methods: Continuous water quality collection in the Abq. 
reach of the MRG since 2006,three sites added above 
Cochiti Reservoir in 2012.

USACE - Continuous Water Quality Monitoring 
Network for the Middle Rio Grande 



Continuous Water Quality Instrumentation
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Study Sites

VCNP Research Area

Chamita Lyden



Study Sites

Cochiti Buckman



Study Sites

Bernalillo 550 Alameda



Study Sites
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Aquatic Informatics Data Management Software
Faster Analysis. Better Decisions.

Data Plot Report
550WaterTemp_2006_2019

Apr 18, 2019 | 1 of 1

DISCLAIMER - AQUARIUS is the leading software suite to acquire, process, model, and publish water data. Environmental monitoring agencies worldwide trust AQUARIUS to produce accurate water
information in real-time. A modern design delivers the latest water science in an intuitive experience.

2007 - 2019 Period Selected: 2006-06-01 00:00:00 - 2019-04-18 14:00:00

 

Aquatic Informatics Data Management Software
Faster Analysis. Better Decisions.

Data Plot Report
550SpCond_2006_2019

Apr 18, 2019 | 1 of 1

DISCLAIMER - AQUARIUS is the leading software suite to acquire, process, model, and publish water data. Environmental monitoring agencies worldwide trust AQUARIUS to produce accurate water
information in real-time. A modern design delivers the latest water science in an intuitive experience.

2007 - 2019 Period Selected: 2006-06-01 00:00:00 - 2019-04-18 14:00:00

Water Temperature (Deg. C)

Specific Conductance (uS)

Data – Bernalillo 550



 

Aquatic Informatics Data Management Software
Faster Analysis. Better Decisions.

Data Plot Report
550Turb_2006_2019

Apr 18, 2019 | 1 of 1

DISCLAIMER - AQUARIUS is the leading software suite to acquire, process, model, and publish water data. Environmental monitoring agencies worldwide trust AQUARIUS to produce accurate water
information in real-time. A modern design delivers the latest water science in an intuitive experience.

2007 - 2019 Period Selected: 2006-06-01 00:00:00 - 2019-04-18 14:00:00

 

Aquatic Informatics Data Management Software
Faster Analysis. Better Decisions.

Data Plot Report
550DisO2_2006_2019

Apr 18, 2019 | 1 of 1

DISCLAIMER - AQUARIUS is the leading software suite to acquire, process, model, and publish water data. Environmental monitoring agencies worldwide trust AQUARIUS to produce accurate water
information in real-time. A modern design delivers the latest water science in an intuitive experience.

2007 - 2019 Period Selected: 2006-06-01 00:00:00 - 2019-04-18 14:00:00

Dissolved Oxygen (mg/l)

Turbidity (NTU)

Data – Bernalillo 550



Wildfire Impacts to WQ in the MRG



Wildfire Background

obtained from NHPS actual evapotranspiration (AET) and
snow-water equivalent (SWE) simulated with the variable
infiltration capacity (VIC) hydrologic model [17] at a daily
time step in water balance mode forced with the daily climate
data, LDAS vegetation and topography, and climatological
winds. Potential evapotranspiration (PET) was estimated
using the Penman–Montieth equation with the same forcing
data, and used with AET to calculate moisture deficit (D ¼
PET 2 AET) [1,18,19]. D was then aggregated to monthly
cumulative values.

(d) Trend analysis of wildfire frequency and burned
area by coarse vegetation type

Number and burned area of large forest wildfires on BIA,
NPS and USFS lands were aggregated annually by coarse
vegetation type (‘forest’ versus ‘non-forest’) derived from
documentary fire history data. Annual large-fire frequency

and burned area time series were plotted by coarse veg-
etation type and reported ignition source (human- versus
lightning-caused ignitions; figure 1). Decadal averages were
calculated (figure 1) and pairwise comparisons using
two-sided Mann–Whitney [20] tests of the null hypothesis
that each subsequent decade’s fire frequency and burned
area distributions have the same mean as for 1973–1982
(tables 1–2). Trends were fit to annual burned area time
series for forest and non-forest fires using linear regression
techniques with the glm() function in R.

(e) Generalized Pareto log-fire size distributions
Generalized Pareto distributions (GPDs) [21] characterize the
distribution of exceedances over a threshold. Here we binned
individual fire records in the combined BIA, NPS USFS fire
history by decade and coarse vegetation type, and fit GPDs
to the logarithm of fire sizes exceeding a 400 ha threshold
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Figure 1. Human and lightning-ignited annual large forest fires, (a), grass and shrubland fires (b), forest burned area (c), and grass and shrub burned area (d ),
on Forest Service, Park Service and Indian Lands in the western US. Horizontal lines indicate decadal averages.
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Las Conchas Fire –2011



Cochiti Canyon Video



Study Design



Post Fire DO - 2011



Post Fire DO - 2011



Post Fire DO - 2011



Post Fire WQ - 2011



Post Fire DO Recovery - 2007 to 2018
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Wildfire WQ Implications for MRG Biota

FIRE ECOLOGY

The effects of catastrophic wildfire on water
quality along a river continuum

Justin K. Reale1,2,4, David J. Van Horn1,5, Katherine E. Condon3,6, and Clifford N. Dahm1,7

1Department of Biology, University of New Mexico, Albuquerque, New Mexico 87131 USA
2US Army Corps of Engineers, Albuquerque, New Mexico 87109 USA
3Valles Caldera National Preserve, Jemez Springs, New Mexico 87025 USA

Abstract: To further our understanding of the linkages among wildfire, streamflow pathways, and water chem-
istry, we used a network of water-quality sensors and streamflow gages to assess initial and long-term effects of
wildfire along a river continuum. We assessed water quality of a 2nd- and a 4th-order stream in a single water-
shed for 5 monsoon seasons before, during, and after a catastrophic wildfire. Fire had significant and sustained
long-term effects on both streams. In the 2nd-order stream, variability in dissolved O2 (DO) increased after the
fire. Daily total precipitation was unchanged, but episodic storm events resulted in significant increases in
stream discharge that led to elevated turbidity and specific conductance (SC). In the 4th-order stream, fire led
to minimal measurable effects on turbidity, elevated SC, and greater variability of the DO signal. We also as-
sessed water-quality data from 4 sites along the river continuum for a 4-mo period before, during, and after the
wildfire. Large overland and debris-flow events in the 1st- and 2nd-order streams resulted in elevated particles
(e.g., soil, sediment, rock, ash, plant biomass) and solutes in transport that elevated turbidity and SC and damp-
ened the DO signal. We documented less severe postfire effects in the 3rd-order stream probably because of
groundwater contributions and a higher stream gradient with a pool–riffle geomorphology. We observed nomi-
nal changes in turbidity, strong SC spikes, and strong DO decreases in the 4th-order stream. Streamflow pathways,
geomorphology, physiochemical properties, and biogeochemical processes play a central role in the postfire water-
quality response along the river continuum. Our findings highlight the importance of collecting water-quality
measurements at temporal and spatial scales that effectively capture hydrological dynamics.
Key words: water quality, forest fire, continuous monitoring, river continuum, disturbance, dissolved oxygen,
turbidity, specific conductance

Forests in the western USA have a “fire deficit” linked to
synergistic effects of fire suppression, landuse change, and
ongoing climate change (Marlon et al. 2012). The combi-
nation of elevated winter temperature and associated re-
duced spring snow accumulation (Cayan et al. 2001, Mote
et al. 2005), reduced winter precipitation minus evapora-
tion (Seager et al. 2007), greater frequency and duration
of droughts (Seager et al. 2007), earlier spring snowmelt
(Cayan et al. 2001, Stewart et al. 2004), and greater vapor
pressure deficit in the warm season (Williams et al. 2012)
has amplified the stress on western US forests and has led
to an increase in fire frequency and intensity in the south-
western USA (Westerling et al. 2006, Allen et al. 2010).
Widespread and high-intensity wildfires cause consider-
able hydrologic and geomorphic changes in affected water-
sheds (DeBano 2000, Shakesby and Doerr 2006), including

extreme floods and debris flows (Neary and Gottfried
2002, Pausas et al. 2009) with serious implications for wa-
ter quality, drinking water sources (Writer and Murphy
2012, Bladon et al. 2014), and aquatic ecosystems (Bisson
et al. 2003, Romme et al. 2011).

Specific wildfire-induced water-quality effects are nu-
merous. Increased sediment loading from fire negatively
affects stream and river channels (Malmon et al. 2007,
Smith et al. 2011, Goode et al. 2012, Moody et al. 2013)
by elevating in-stream turbidity levels (Rhoades et al.
2011, Oliver et al. 2012, Sherson et al. 2015). Ash inputs
and greater erosion increase transport of major ions and
elevate postfire specific conductance (SC) (Earl and Blinn
2003, Lyon and O’Connor 2008, Dahm et al. 2015) and in-
stream nutrients (Spencer and Hauer 1991, Oliver et al.
2012, Miller et al. 2013, Sherson et al. 2015). Decreases in

2014219.proof.3d 1 09/12/15 03:43Achorn International

E-mail addresses: 4justin.k.reale@usace.army.mil; 5vanhorn@unm.edu; 6kcondon@vallescaldera.gov; 7cdahm@sevilleta.unm.edu

DOI: 10.1086/684001. Received 17 October 2014; Accepted 8 July 2015; Published online XX Month 2015.

Freshwater Science. 2015. 34(4):000–000. © 2015 by The Society for Freshwater Science. 000

Severe water quality excursions
• Prior to the Las Conchas fire DO in the MRG rarely declined 

below 6 mg/l

• Following the fire, numerous DO sags down to 0 mg/l 

• The LC50 for DO for the MRG Silvery Minnow is ~0.8mg/l, and 

most of the mortality occurs within the first 3-8 hours

• Impacts occur at distant, downstream locations, impacted large 

reaches of the river, and are persistent for at least three years 

post-fire



Stormwater Impacts to WQ in the MRG

NDC – 21MAY18



Episodic Events in the MRG - 2007
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Stormwater Background - Urban Stream Syndrome

Walsh et al. 2005
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Study Design
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Storms Sampled - 2014

lower discharge (Table 1), and transported much smaller quantities of
carbon (285 and 666 kg, respectively).

3.3. DOC source: fluorescence index during storm events

Initial FI values ranging from 1.51 in Event 4 to 1.68 in Event 2
reflect a mixture of autochthonous and allochthonous sources (Table 2;
Fig. 3) and the event with the highest initial FI value (Event 2) corre-
sponds to the largest seven-day antecedent discharge. During all storm
events, FI values decreased (became more terrestrial) with increasing
DOC concentrations. Low FI values indicative of allochthonous inputs
accompanied higher average DOC concentrations (1.37 and 1.38 for

Events 1 and 2), while Events 3 and 4 had lower minimum FI values of
1.31 and 1.21, respectively (Table 2). Average values over the course of
each event were consistently near 1.50 (Table 2; Fig. 3). As DOC con-
centrations fell with the receding discharge, FI values increased (Fig. 3).
By the end of each storm event, FI values reached their maxima near
1.70 indicating an autochthonous or a microbially processed soil source
(Cory et al., 2010). FI values reported throughout storm events are
consistent with previous reports of FI values in urban stormwater (e.g.
Zhao et al., 2015).

4. Discussion

4.1. DOC dynamics during storm events

Based on our observations that DOC concentration and FI values
vary predictably over the duration of each storm event and appear to be
influenced by antecedent conditions, we present a conceptual model
relating DOC concentration and source to storm runoff patterns (Fig. 5).
In this model, we propose that the carbon present in the NDC during
storm events comes from three main sources accessed during three
distinct time-periods associated with the hydrograph. First, DOC ori-
ginating from autochthonous sources within the storm drainage system
is flushed prior to maximum discharge. Second, during peak discharge,

Fig. 2. A) Individual storm hydrographs exhibiting consistent discharge spikes with storm onset and extended tailing. B) Precipitation and discharge for the study
period, with storm events marked for discharge.

Table 1
Hydrologic characteristics of four storm events.

Event Date Antecedent discharge
(m3/7 days)

Peak discharge
(m3/s)

Total discharge
(m3)

Event 1 7/3/14 145 9 62880
Event 2 8/1/14-

8/2/14
491768 214 670100

Event 3 8/13/14 1998 4 27260
Event 4 9/4/14 7783 5 46560

J.L. Wise, et al. -RXUQDO�RI�$ULG�(QYLURQPHQWV��������������²��
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DOM Data - 2014

Fig. 3. Relationships between DOC concentration, FI, and discharge during the
four storm events.

Table 2
DOC and FI characteristics of four storm events.

Event DOC
(mg
L−1

DOC range
(mg L−1)

Total
export (kg
DOC)

FI initial FI mean FI range

Event 1 23.6 11.7–46.0 2118 1.54 1.48 1.37-1.70
Event 2 16.0 2.1–41.1 20181 1.68 1.50 1.38-1.68
Event 3 10.3 2.1–24.1 285 1.66 1.49 1.31-1.68
Event 4 13.0 4.3–18.1 666 1.51 1.48 1.21-1.74

Fig. 4. Hysteresis plots illustrating the relationship between discharge and DOC
concentration, with arrows indicating the direction of hysteresis. All hysteresis
is counter-clockwise, indicating increasing DOC concentrations on the des-
cending limb of the hydrograph.

J.L. Wise, et al. -RXUQDO�RI�$ULG�(QYLURQPHQWV��������������²��
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DOC is transported from impervious surfaces within the Albuquerque
urban area, along with some near-channel terrestrial organic matter.
Finally, during the descending limb of the storm hydrograph, DOC is
transported via runoff from soils in undeveloped areas surrounding
Albuquerque, including the Sandia Mountains. Using this model, we
have divided the following discussion into three phases of storm-driven
organic matter transport: Phase 1 - flushing of autochthonous material
from the NDC, Phase 2, Phase 2 – the initial flushing of adjacent and
distal pools of allochthonous carbon sources, and Phase 3 – flushing of
processed allochthonous material from longer or slower flowpaths.
Consistent with previous literature, mean DOC concentrations were
highest for the lowest antecedent discharge (Event 1, Tables 1 and 2),
while higher antecedent discharge events (Events 2–4) showed lower
mean DOC concentrations (Westerhoff and Anning, 2000), suggesting
that antecedent conditions may be an important additional considera-
tion that dictates the magnitude of carbon exported from the catchment
during a storm event.

4.2. Phase 1- flushing of autochthonous material

The initial phase of each storm event in Fig. 3 is characterized by
low discharge and low DOC concentrations with an elevated FI signal
(ranging from 1.51 to 1.68) suggesting a mixture of allochthonous and
autochthonous sources. Low DOC concentrations prior to peak dis-
charge may be explained by high rates of organic matter processing
within engineered storm channels, as suggested by Kaushal and Belt
(2012). The concrete construction of the NDC blocks groundwater

inputs, eliminating exchange of carbon and water with the hyporheic
zone, and the NDC lacks a riparian zone. Thus, it is unlikely that the
initial DOC signal originates from terrestrial organic matter or sources
external to the storm drainage system. We therefore suggest the initial
DOC pool is sourced primarily from organic matter originating
throughout the drainage system during periods of no flow. Auto-
chthonous inputs are likely derived from algal and macrophyte pro-
duction in low lying sections of the system which hold water and
support growth in between storm events (Personal observation). This is
consistent with a recent review of DOM sources in urban waterways,
which indicated an initial pulse of algal-derived and instream sources
during storm events (Khamis et al., 2018). DOC inputs could also in-
clude contributions from subsurface storm drains and retention ponds
connected to the NDC network. During dry periods, retention ponds
located within the NDC watershed (Fig. 1) retain water which can
promote microbial and algal production of autochthonous organic
matter (Williams et al., 2013). Subsequent storm events may then flush
retention pond DOC into the drainage system in a similar manner to
flushing of riparian or hyporheic regions of natural streams and rivers
(Song et al., 2015). Although we do not know the timing of retention
pond inputs, the high FI values during Phase 1 and Phase 3 suggest
these inputs either occur during these phases, or are minimal during
Phase 2. Additionally, both wet and dry deposition have been reported
as significant sources of carbon, particularly in urban systems (Lohse
et al., 2008), and may also contribute to the partly allochthonous signal
observed during first flush. A final possibility is that the high-FI DOC
may be sourced from fecal or sewage-related inputs to the NDC via

Fig. 5. Conceptual diagram illustrating the
three phases of dissolved organic carbon
(DOC) transport during monsoonal storm
events in the North Diversion Channel
(NDC) in Albuquerque, NM. All three
phases are shown in A), with a legend ex-
plaining symbols provided in B). For re-
ference, C) provides delineations between
phases using an example hydrograph.
During Phase 1, authothonous DOC in the
NDC is exported to the river. During Phase
2, increased discharge flushes allochtho-
nous sources (including urban and un-
developed soils). During Phase 3, micro-
bially processed DOC is transported from
permeable soils and natural flowpaths into
the NDC and exported into the Rio Grande.
The spatial extent of the area of DOC inputs
increases with each phase.

J.L. Wise, et al. -RXUQDO�RI�$ULG�(QYLURQPHQWV��������������²��
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Water Quality Data - 2018
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Specific Conductance - 8/23 storm
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Stormwater Quality Implications for MRG Biota

Urban stormwater impacts to MRG water quality
• Frequent DO sags below the MRG Silvery Minnow No Acute Lethal 

Concentration (~4 mg/l)
• Large point-source input of resources including allochthonous DOC 

and nitrate
• During monsoon inputs flows from the NDC constitute the vast 

majority of the water in the river 
Non-urban stormwater impacts to MRG water quality
• Large dissolved solids and suspended sediment loads
• Minimal impact to DO and resource availability  

Contents lists available at ScienceDirect

Journal of Arid Environments

journal homepage: www.elsevier.com/locate/jaridenv

Dissolved organic matter dynamics in storm water runoff in a dryland urban
region

Julia L. Wisea,c, David J. Van Hornb,∗, Aaron F. Diefendorfa, Peter J. Regierd, Thomas V. Lowella,
Clifford N. Dahmb

a Department of Geology, University of Cincinnati, USA
bDepartment of Biology, University of New Mexico, USA
cOffice of Science and Technology, State of New Mexico, USA
d Center for Water and the Environment, University of New Mexico, USA

A R T I C L E I N F O

Keywords:
Dissolved organic carbon (DOC)
DOC loads
Drylands
Fluorescence index
Storm runoff
Urban

A B S T R A C T

The temporal and spatial dynamics of dissolved organic carbon (DOC) during storm events are well char-
acterized in mesic urban regions, but equivalent studies in arid regions are less frequent, and our understanding
of the impacts of arid-land urban storm events on downstream ecosystems remains poorly constrained. We
sampled storm runoff in an urban dryland storm drainage system during four summer monsoon storms to de-
termine DOC concentration and composition and to develop a conceptual carbon transport model during storm
events. DOC patterns were consistent between storm events despite large differences in discharge and DOC
concentration, with the lowest DOC concentrations (2.1–11.7mg L−1) during first flush, highest concentrations
shortly after peak discharge (18.3–46.0mg L−1), and decreasing concentrations on the descending limb of the
hydrograph. Fluorescence Index (FI) values suggested the DOC source shifted throughout events in three distinct
phases: Phase 1- autochthonous DOC, Phase 2 - fresh allochthonous DOC, and Phase 3 - processed allochthonous
DOC, representing the sequential input of previously disconnected sources during each storm event. Peak DOC
concentrations generally lagged peak discharge, supporting distal allochthonous inputs of DOC to the drainage
system. A single 11-h storm event delivered more than half the average daily Rio Grande discharge and ap-
proximately four times the average daily DOC load. Our findings indicate the significant impact monsoon storm
events exert on DOC budgets in dryland rivers, particularly in watersheds drained by urban storm-water con-
veyances.

1. Introduction

Dryland regions, those with arid and semi-arid climates, often rely
on surface water to meet environmental, agricultural, and drinking
water demands. These areas cover more than 40% of the globe, house
over two billion people, and have the fastest growing urban populations
(Millennium Ecosystem Assessment, 2005). Rapid urbanization and
population growth in these regions alter hydrology and aquatic bio-
geochemical cycles including the cycling of carbon, nitrogen, and
phosphorous (Paul and Meyer, 2001, Grimm et al., 2004), which have
important implications for ecosystems and human health. Thus, it is
critical to understand controls on surface water quality in dryland
urban regions. However, current conceptual models linking hydrology
and biogeochemistry, largely based on natural watersheds, poorly re-
present the dynamics that occur in urban systems (Kaye et al., 2006).

Dissolved organic carbon (DOC) is an important component of
surface water quality and plays an integral role in regional and global
carbon cycles (Aitkenhead and McDowell, 2000). In surface waters,
DOC is an energy source for heterotrophs, mediates nutrient cycling,
and mobilizes and alters the bioavailability of metals and organic
contaminants (e.g. Stewart and Wetzel, 1981; Stanley et al., 2012, and
references therein). In addition, DOC is of growing concern during
drinking water treatment, where it can consume coagulants, promote
bacterial regrowth, and form carcinogenic disinfection byproducts
(Rook, 1977, and references therein).

Surface water DOC is derived from a combination of autochthonous
(aquatic production) and allochthonous (terrestrial production) sources
(Aitkenhead-Peterson et al., 2003; Fellman et al., 2009). The balance
between autochthonous and allochthonous sources varies among
biomes and ecosystems due to factors such as light availability, riparian

https://doi.org/10.1016/j.jaridenv.2019.03.003
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Estimating Whole Stream Metabolism in the MRG



Whole Stream Metabolism Background
103 PRIMARY PRODUCTION 

organisms, planktonic organisms, and some- 
times chemical oxidation. 

(3) There is an exchange of oxygen with 
the air in a direction depending on the 
saturation gradient. 

(4) There m?y be an influx of oxygen with 
accrual of ground water and surface drainage 
along the stretch. In mostof the examples 
discussed here, accrual is assumed to be 
negligible relative to the other influences. 

These processes between stations may be 
quantitatively summarized on an area basis 
(i.e., g/m2/hr) as follows: 

Rate of Rate of Rate of Rate of Rate of 
change of gross pri- respira- oxygen drainage 
d~ssolved mary pro- tion per uptake accrual 

oxygen duction area by dif-
per area per area fusioxl 

per area 

Note that capital letters have been used 
for these quantities that are defined on an 
area basis. 

By dividing through by the depth in 
meters ( z ) ,  the relationships are expressed 
in concentration-lmits ( i . ,  g/m3/hr). 
Small letters have been used for these quan- 
tities which are defined on a volume basis. 

The usual diurnal (24 hours) course of 
change for the component processes is given 
in Figure 1 for a hypothetical flowing sys- 
tem without accrual, which is both over-
saturated and undersaturated with oxygen 
relative to the atmosphere and which has a 
balance of production and respiration. 
The photosynthesis-curve has the same 
shape as the incident light with a morning 
and afternoon symmetry as shown in Figure 
1 for a clear day unmodified by cloud pat- 
terns. 

If the plankton and biochemical oxygen- 
demand in the inflowing water remains 
fairly constant as assumed for the case in 
Figure 1,then respiration remains relatively 
constant. Whether plant respiration is 
depressed during photosynthesis or not is 
still an unsettled question since evidence is 
conflicting (Rabinowitch 1951, Whitting- 

IN FLOWING WATERS 

LIGHT  

......::;.. . . .  

.5 

% 
PPM 

4 R 

PPMIO SAT.  

FIG.1. Component processes in the oxygen 
metabolism of a section of a hypothetical stream 
during the course of a cloudless day. Production 
(P), respiration (R), and diffusion (D) are given on 
an areal basis. The combined effect of these rate 
processes for a stream 1 meter deep is given in 
ppm/hr ( q ) .  In the lowermost curve are given the 
actual oxygen values that  would result in a stream 
with a long homogeneous community. The, dif -
fusion curve is linearly proportional to  the oxygen 
concentration curve. The shaded area delimited 
by ti and t n  is used in Equation (5) to  obtain an 
approximate production estimate uncorrected for 
diffusion. 

ham 1955). In  strongly polluted waters 
with very low oxygen concentrations there 
may be a diurnal increase in respiratory 
oxidation during the day due to the forma- 
tion of photosynthetic oxygen, where a t  
night there is no oxygen. Respiration was 
found to be dependent upon oxygen tension 
below 1ppm for sewage by Pomeroy (1938) 
and for marine waters by ZoBell (1940). 
Jackson and McFadden (1954) found an in- 
crease in community respiration during the 
day in lake waters. Until more is known 
about these and other diurnal effects, it may 

Odum 1956

Governing equation: 

!"#
!$ = &'' + )* + +

GPP = gross primary production
&'' = ,-.

ER = ecosystem respiration (negative)
)* = */ + *0

K = reaeration

+ = +1# 2"3/4 −2"67/3

 

Aquatic Informatics Data Management Software
Faster Analysis. Better Decisions.

Data Plot Report
550DisO2_2006_2019

Apr 18, 2019 | 1 of 1

DISCLAIMER - AQUARIUS is the leading software suite to acquire, process, model, and publish water data. Environmental monitoring agencies worldwide trust AQUARIUS to produce accurate water
information in real-time. A modern design delivers the latest water science in an intuitive experience.
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Whole Stream Metabolism Background
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Whole Stream Metabolism Data



Whole Stream Metabolism Data



Whole Stream Metabolism Data



Whole Stream Metabolism Implications for MRG 
Biota

Spatial and temporal variation 
• Previous studies (Lusk 2012) suggest “low rates of GPP and ER in the 

MRG are likely limiting fish growth and distribution, decreasing benthic 
aquatic invertebrate richness, and increasing chronic stress to the 
federally endangered Rio Grande silvery minnow (Hybognathus amarus, 
RGSM)”.

• Metabolism appears to vary between sites, suggesting significant variation 
in resource supply

• Seasonal variation is also apparent
• Additional analyses are needed to document GPP and ER hotspots/hot-

moments



Other Connections Between WQ and Species of 
Interest



Other Connections Between WQ and Species of 
Interest – Comparing Refugia to the Mainstem
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Other Connections Between WQ and Species of 
Interest – Fish Response to Fire

Fire Flood



Other Connections Between WQ and Species of 
Interest – Water Temp. and Gonadosomatic Index
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Conclusions

• WQ data are fundamental for understanding the local conditions and the 
stressors that aquatic biota experience

• The MRG is a dynamic system, with wide spatial and temporal variation 
in WQ values, driven by natural geomorphic change, anthropogenic 
impacts, and periodic episodic disturbances

• Discrete sampling is important, however, near-continuous data is 
necessary to document the impacts from episodic events and 
spatial/temporal variation

• While we now have solid baseline WQ data in the MRG, additional data 
is necessary to document future disturbances and long-term change, and 
to interpret fish abundance/health/reproductive data 



 

Aquatic Informatics Data Management Software
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DISCLAIMER - AQUARIUS is the leading software suite to acquire, process, model, and publish water data. Environmental monitoring agencies worldwide trust AQUARIUS to produce accurate water
information in real-time. A modern design delivers the latest water science in an intuitive experience.
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Aquatic Informatics Data Management Software
Faster Analysis. Better Decisions.

Data Plot Report
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2007 - 2019 Period Selected: 2006-06-01 00:00:00 - 2019-04-18 14:00:00

Water Temperature (Deg. C)

Specific Conductance (uS)

Data – Bernalillo 550



Acknowledgements



Acknowledgements

Amy Louise – USACE
Justin Reale – USACE 
Nabil Shafike – USACE
Curtis McFadden – USACE
Bruno Quirici – USACE 

Cynthia G. Abeyta – USFWS 
Joel D. Lusk – USFWS

Jerry Lovato – AMAFCA
Patrick Chavez – AMAFCA

David Gensler – MRGCD
Mat Martinez – MRGCD

Ruben Lucero – IP
Cody Walker – IP

Ricardo González-Pinzón – UNM
Peter Reiger – UNM
Aashish Sanjay – UNM
Justin Nichols - UNM
Betsy Summers – UNM
Roxanne Candelaria-Ley – UNM 
Alex Clark – UNM
Grady Ball – UNM
Matt Seguera – UNM
Lydia Zeglin – UNM 
Becky Bixby – UNM 
Mariah Zuni – UNM/IP

Julia Wise – UC
Aaron Diefendorf – UC 
Thomas Lowell – UC



Rio Grande Silvery Minnow Population Monitoring 
(1993–2018) 
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Hybognathus amarus (Cyprinidae) 
(Rio Grande Silvery Minnow [Girard, 1856]) 

Photo by 

Tom Kennedy 



Historical 

Current 

Native Distribution 
(Hybognathus amarus) 

Experimental 

Rio Grande PBS Reproductive Guild: 

Rio Grande Silvery Minnow Hybognathus amarus 

Speckled Chub Macrhybopsis aestivalis 
Rio Grande Shiner Notropis jemezanus 

Phantom Shiner Notropis orca 

Rio Grande Bluntnose Shiner N. simus simus 



Study Area 

Angostura Reach 

Isleta 

Reach 

San Acacia 

Reach 

Cochiti Dam 

Elephant Butte Reservoir 



Cochiti Dam 



Angostura Diversion Dam 



Isleta Diversion Dam 



San Acacia Diversion Dam 



Elephant Butte Reservoir 



Historical and Recent River Channel 
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Figure	9:	Inundation	map	for	historic	conditions	at	a	flow	of	142	m
3
/s	(5,000	cfs).	

River Inundation 

Historical (ca. 1918) 

Channel: 19.0% 

Floodplain: 81.0% 

Adair, J.B.M.  2016.  M.S. thesis, Civil 

Engineering, UNM, Albuquerque, NM. 
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Figure	9:	Inundation	map	for	historic	conditions	at	a	flow	of	142	m
3
/s	(5,000	cfs).	
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Figure	13:	Inundation	map	for	modern	conditions	at	a	flow	of	142	m
3
/s	(5,000	cfs).	

 
	

River Inundation 

Historical (ca. 1918) 

Channel: 19.0% 

Floodplain: 81.0% 

Recent (ca. 2014) 

Channel: 72.9% 

Floodplain: 27.1% 

Adair, J.B.M.  2016.  M.S. thesis, Civil 

Engineering, UNM, Albuquerque, NM. 



Sampling Sites 

Angostura Reach sites (5) 

Isleta Reach sites (6) 

San Acacia Reach sites (9) 



Additional Sites 

Angostura Reach sites (5) 

Isleta Reach sites (4) 

San Acacia Reach sites (1) 



Replacement Sites 

Angostura Reach sites (10) 

Isleta Reach sites (10) 

San Acacia Reach sites (10) 



Mesohabitats 

Runs (RU) 

Shoreline runs (SHRU) 

Pools (PO) 

Shoreline pools (SHPO) 

Backwaters (BW) 



Sampling Methods 

Seine hauls by mesohabitat: 
•  (BW/PO = 2, RU/SHPO = 4) 

•  (SHRU = 6–14) 

 

Adult fish seining: 
•  (3.1 m x 1.8 m; small mesh) 

Larval fish seining: 
•  (1.0 m x 1.0 m; fine mesh) 

 

Twenty seine hauls per site: 
•  Mesohabitats standardized 

•  Area sampled (ca. 500 m2) 



Evolution of Project Design 

• The decline of RGSM during a prolonged drought (2000–2003), and 

formation of the MRGESCP, prompted notably increased sampling 

efforts (i.e., from quarterly to monthly). 

 

• An external review, led by nationally-recognized experts, resulted in a 

workshop and a report (2004–2005). 

 

• Most of the sampling recommendations and research studies, 

suggested by the experts, were initiated in 2006. 

 

• The Population Monitoring Group (MRGESCP) produced a consensus 

report in 2006 on the desired protocols and objectives for this study. 

 

• The most recent external review, led by nationally-recognized experts, 

resulted in a workshop and a report (2015–2016), along with several 

recommendations for increased sampling efforts. 



Population Trends 
(Estimation vs. Monitoring) 

•  Similarities:  Twenty sites, 

mesohabitats standardized, 

area sampled (ca. 500 m2) 
 

•  Differences:  Random sites 

and mesohabitats, mapping of 

mesohabitats and samples, 

electrofishing removal-

sampling in enclosures  

 

•  Despite notable differences 

in methodology and required 

effort, both studies indicated 

very similar trends over time.  
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Population Trends 
(Occupancy vs. Monitoring) 

•  Similarities:  Twenty sites, 

mesohabitats standardized, 

area sampled (ca. 500 m2) 
 

•  Differences:  Sampled in 

November, same mesohabitats 

sampled repeatedly, sites were 

each sampled four times 

 

•  Despite notable differences 

in methodology and required 

effort, both studies indicated 

very similar trends over time.  



Study strengths Lower abundance Higher abundance Overall 

Population monitoring 

Early indication of 

decreased occurrence and 

abundance 

Early indication of 

increased occurrence and 

abundance 

Seasonal & annual trends 

in occurrence and 

abundance 

Population estimation 
Robust measure of 

decreased abundance 

Robust measure of 

increased abundance 

Robust estimate of annual 

abundance 

Site occupancy 

Robust measure of 

decreased occurrence 

(extinction) 

Robust measure of 

increased occurrence 

(colonization) 

Robust estimate of annual 

occurrence 

Comparing Different Studies 



Population Monitoring Objectives 

1. Determine trends in the occurrence and abundance of native and 

nonnative fishes, with a focus on Rio Grande Silvery Minnow (RGSM). 

 

2. Evaluate the influence of discharge (e.g., timing, magnitude, and 

duration) on RGSM population fluctuations. 

 

3. Determine long-term trends in RGSM densities across different 

mesohabitats. 

 

4. Compare changes in RGSM relative and rank abundance to that of 

other native and nonnative fishes. 

 

5. Determine variation in RGSM densities and estimate their site 

occupancy rates, based on repeated-sampling efforts. 



Population Monitoring & Research (1993–2018) 
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Life History of Rio Grande Silvery Minnow 



Life History of Rio Grande Silvery Minnow 
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Discharge in the Middle Rio Grande (2017–2018) 
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RGSM Population Trends in 2018 (Larval) 

Month - 2018
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RGSM Population Trends in 2018 (Age-0) 

Month - 2018
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RGSM Population Trends in 2018 (Age-1+) 

Month - 2018

APR MAY JUN JUL AUG SEP OCT

F
is

h
 p

e
r 

1
0

0
 m

2

0

10

20

30

40

50

60

70

F
is

h
 p

e
r 

1
0

0
 m

2

0

10

20

30

40

50

60

70

Angostura

n = 103

23,136.5 m
2

Isleta

n = 441

25,598.3 m
2

San Acacia

n = 870

31,240.8 m
2

Month - 2018

APR MAY JUN JUL AUG SEP OCT

Total

n = 1,414

79,975.5 m
2



RGSM Population Trends in 2018 (All Ages) 

Month - 2018
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RGSM Population Trends (2017–2018) 

Month - 2017
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RGSM Population Trends (2018–2019) 

Month - 2018
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Frequency Distribution of Raw Data 
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• Parametric statistical inference 

depends on key assumptions: 

 

• Data are normally distributed 

 

• Variances are homogeneous 



Occurrence and Density Data 
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• Mixture models offer a solution: 

• Lognormal model for density (Mu: μ) 

• Logistic model for occurrence (Delta: δ) 



Model Estimates in October (1993–2018) 



Computing the Expected Density 

  

LCI = exp log E(x)( ) -1.96 ´SE E(x)( ) / E(x)é
ë

ù
û

UCI = exp log E(x)( ) +1.96 ´SE E(x)( ) / E(x)é
ë
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Densities of RGSM in October (1993–2018) 



Densities of RGSM and Discharge (1993–2018) 
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Model Estimates and Discharge (1993–2018) 



Modeling the Ecology of RGSM 

• Each model included both δ and μ with a single covariate for each 

estimated parameter (e.g., δ[SAN<200] μ[ABQ>3,000]). 

 

• Covariates representing spring runoff conditions, estimated floodplain 

inundation, and summer low flow conditions were included in models. 

 

• Hydraulic covariates included both fixed effects (i.e., covariate explains 

variation) and random effects (i.e., random error [R] around covariate). 

 

• Goodness-of-fit statistics (log-likelihood and Akaike’s information 

criterion [AICc]) were used to assess the fit of data to various models. 



Occurrence Probability vs. Discharge (1993–2018) 



Drying Photos 



Additional Drying Photos 



Lognormal Densities vs. Discharge (1993–2018) 



Flooding Photos 



Ecological Model Results for RGSM (1993–2018) 

Model logLike K AICc wi 

δ(Year) μ(ABQ>2,000+R) 769.09 30 833.40 0.3886 

δ(Year) μ(ABQmean+R) 769.63 30 833.93 0.2971 

δ(Year) μ(ABQ>3,000+R) 771.21 30 835.52 0.1346 

δ(Year) μ(ABQmax+R) 771.83 30 836.14 0.0989 

δ(Year) μ(ABQ>1,000+R) 774.64 30 838.95 0.0243 

δ(Year) μ(SANmean+R) 774.81 30 839.12 0.0222 

δ(Year) μ(Year) 675.02 70 840.38 0.0119 

δ(Year) μ(Inundation+R) 778.61 30 842.92 0.0033 

δ(Year) μ(SAN<200+R) 778.74 30 843.05 0.0031 

δ(SANmean+R) μ(Year) 736.00 48 843.37 0.0027 
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Densities of RGSM in October (No Dry Sites) 
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Densities of RGSM 
(Mesohabitats) 
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•  Mesohabitat-specific density 

trends were very similar to the 

overall long-term trend. 

 

•  Estimated densities in BW, 

PO, and SHPO were generally 

higher and more variable as 

compared to SHRU or RU. 



Mesohabitat Model Results for RGSM (2002–2018) 

Model logLike K AICc wi 

δ(Year+Mesohabitat) μ(Year+Mesohabitat) 1,859.28 58 1,980.06 >0.9999 

δ(Year) μ(Year+Mesohabitat) 1,899.07 54 2,011.20 <0.0001 

δ(Year+Mesohabitat) μ(Mesohabitat) 2,081.46 31 2,144.82 <0.0001 

δ(Year*Mesohabitat) μ(Year*Mesohabitat) 1,662.58 212 2,157.24 <0.0001 

δ(Year) μ(Mesohabitat) 2,121.25 27 2,176.28 <0.0001 

δ(Year+Mesohabitat) μ(Year) 2,106.94 50 2,210.48 <0.0001 

δ(R) μ(Mesohabitat) 2,203.32 12 2,227.53 <0.0001 

δ(Year) μ(Year+Reach) 2,131.57 50 2,235.12 <0.0001 

δ(Year+Reach) μ(Year+Reach) 2,131.40 52 2,239.23 <0.0001 

δ(Year) μ(Year) 2,146.73 46 2,241.72 <0.0001 



Densities of RGSM 
(Variation) 

•  Density trends, based on the 

four sampling occasions, were 

very similar to the overall long-

term trend. 
 

•  Estimated densities were 

quite similar across the four 

sampling occasions. 
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Model Results for RGSM Variation (2005–2018) 

Model logLike K AICc wi 

δ(Year*Reach) μ(Year*Reach) 1,487.86 120 1,756.93 >0.9999 

δ(Year+Reach) μ(Year+Reach) 1,791.56 48 1,891.96 <0.0001 

δ(Year+Reach) μ(Year) 1,852.36 44 1,944.04 <0.0001 

δ(Year) μ(Year+Reach) 1,849.24 46 1,945.26 <0.0001 

δ(Year) μ(Year) 1,910.03 42 1,997.38 <0.0001 

δ(Year+Occasion) μ(Year) 1,906.50 45 2,000.35 <0.0001 

δ(Year) μ(Year+Occasion) 1,900.57 48 2,000.96 <0.0001 

δ(Year+Occasion) μ(Year+Occasion) 1,897.04 51 2,004.00 <0.0001 

δ(R) μ(Year) 1,972.54 30 2,034.25 <0.0001 

δ(Year) μ(R) 2,031.12 17 2,065.68 <0.0001 



Relative Abundance of RGSM (1993–2018) 
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Rank Abundance for Focal Species (2009–2018) 

Species 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 

Red Shiner 1 1 1 1 1 1 1 1 2 1 

Common Carp 10 9 10 6 9 8 9 7 6 8 

Rio Grande Silvery Minnow 2 5 4 10 10 10 7 2 1 10 

Fathead Minnow 6 6 7 5 4 6 6 8 8 6 

Flathead Chub 5 2 3 3 6 3 3 4 5 3 

Longnose Dace 9 7 8 8 3 5 5 6 7 7 

River Carpsucker 7 8 5 7 8 7 8 9 10 5 

White Sucker 8 10 9 9 7 9 10 10 9 9 

Channel Catfish 4 4 6 4 5 4 4 5 3 4 

Western Mosquitofish 3 3 2 2 2 2 2 3 4 2 

Coefficient of concordance (W = 0.66) indicated consistency in species’ ranks (1993–2018; P < 0.001). 



Pterygoplichthys disjunctivus (Loricariidae) 
(Vermiculated Sailfin Catfish [Weber, 1991]) 

Photo by 

Mike Farrington 



Site Occupancy Results (2005–2018) 



Site Occupancy Rates 

• “Few species are likely to be so evident that they will always be 

detected when present.” (MacKenzie et al. 2003) 

 

• Site occupancy analyses were based on RGSM repeated-sampling 

data (presence vs. absence) collected in November (2005–2018).  

 

• Estimates of site occupancy rates were based on methods developed 

by MacKenzie et al. (2002, 2003, 2006), and Program MARK (White 

and Burnham, 1999) was used to compute all parameter estimates. 

 

• Modeled parameter estimates included probability of detection (p), 

probability of occupancy (ψ), probability of extinction (ε), and probability 

of colonization (γ). 



Occupancy Probabilities (All Ages) 



Extinction & Colonization Probabilities (All Ages) 



 Summary 

• While the estimated densities of RGSM were notably higher from 2015 

to 2017 as compared with 2012 to 2014, their densities decreased 

substantially from 2017 to 2018. 

 

• Prolonged high flows during spring were most predictive of increased 

density, whereas prolonged low flows during summer were most 

predictive of decreased occurrence. 

 

• Mesohabitat-specific and sampling-occasion density trends both closely 

mirrored the long-term RGSM density trend. 

 

• At times, RGSM has been lost from > 85% of its occupied sites since 

2005.  Occupancy, extinction, and colonization estimates for RGSM 

improved markedly from 2013 to 2017 before declining again in 2018.  



 Future Challenges & Opportunities 

1. Ongoing efforts to restore dynamic river flows, reconnect fragmented 

reaches, and reestablish a functional floodplain should help to promote 

resilient and self-sustaining populations of Rio Grande Silvery Minnow. 

 

2. Continued efforts to provide reasonable spring spawning and summer 

survival conditions will be essential for securing a self-sustaining wild 

population of this imperiled species in the Middle Rio Grande. 

 

3. The reestablishment of resilient populations of this species at other 

locations within its historical range in the Rio Grande Basin would help 

to further ensure its long-term persistence in the wild. 

 

4. Continued study of the key factors that control this complex aquatic 

ecosystem will be essential for developing and implementing 

successful strategies for the long-term recovery of Rio Grande Silvery 

Minnow. 
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