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NAS Agenda Items

ÅProgress made in past year

ÅWhich Report 1 recommendations have already 

been addressed in the model

ÅDiscussion on the modelôs capability to run 

different scenarios

ÅDiscuss NAS role on developing the biological 

questions that will be used to determine which 

scenarios the ecological model needs to run

ÅPresent an example of scenario run



NAS Agenda Items

ÅProgress made in past year
ïBulk of presentation today ï2015 Interim Report coming 
out before yearôs end.

ÅWhich Report 1 recommendations have already 
been addressed in the model
ïGeneral Themes

ÅComal Springs riffle beetle
ïNeed more info!  

ï Focus of HCP Applied Research moving forward

ÅRe-evaluate old school methods if your model fails
ï TWR and fountain darter habitat suitability curves and analysis

ïDid Not Revisit

ÅClarify goals and develop conceptual models
ïMajor Focus of Ecomodel Team ïIn Progress

ÅBe attentive to details/calculations/functions/etc. for SAV and 
Fountain Darter submodels
ïMajor Focus of Ecomodel Team ïIn Progress



NAS Agenda Items

ÅDiscussion on the modelôs capability to run 

different scenarios

ïDiscussion on Model Operation and capabilities

ÅDiscuss NAS role on developing the biological 

questions that will be used to determine which 

scenarios the ecological model needs to run

ïEARIP Decision

ÅPresent an example of scenario run

ïNot quite there yet



HCP Ecomodel ï
What is it and what can it do?

ÅWhat HCP Covered Species?

ïFountain Darter
ïTexas wild-rice

ÅWhere?

ïBoth Comal and San Marcos systems (5 study 
reaches)

ÅWhat can it do? 

ïPredicts the population of fountain darters based on 
changes to:
ÅSpring Flow

ÅWater temperature

ÅDissolved oxygen

ÅAquatic Vegetation

ÅHabitat alteration

ÅOther Mortality

ÅRe-introduction



HCP Ecomodel
What it is NOT

ÅDoes not model the Comal Spring riffle beetle or 

other HCP covered invertebrates.

ÅDoes not include a direct mechanism for toxicity 

from chemical spills.

ÅDoes not directly incorporate:

ïturbidity effect on animals

ïparasitism or disease 

ïfish competition or behavior

ïnon-native animal species

ÅDoes not include a calculation for ñincidental takeò



Ecomodel Data Inputs
ÅExisting data and literature

ÅSystem specific Biological Monitoring data (2000 ï2015)

ÅSystem specific Water Quality Monitoring data

Å 2013 Applied Research
ï Aquatic Vegetation Tolerance*, Food Source Tolerances, CO2 vs. bicarbonate utilization 

Å 2014 Applied Research
ï Fountain darter movement*, fecundity*, predation

Å 2015 Applied Research
ï Algae dynamics, turbidity on submerged aquatic plants, native vs. non-native aquatic plant 

competition*

ÅEcomodel Special Studies
ï Complete

ÅPercent Cover to Biomass*

Å Food Source

ï Underway
ÅMortality in the wild*

ÅRandom drop net sampling

* Directly used for equation development (Applied Research / Studies)



Conceptual Model



ÅData for 3 exotic 
and 5 native 
species

Å>2x variability in 
biomass for full 
cover samples

Mean +/- SE

Special Studies Progress
Percent Cover to Biomass Study (2014)

Carrying Capacity 

Samples



Comal 2014: Hygrophila

Same COVER

Different VOLUME 



Biomass vs. Plant Volume

Robert Doyle, Ph.D.
Baylor University
Robert_Doyle@baylor.edu



2003 TANK Study:

ÅFive blocks of six barrels (one 
block is shown) at TX State 
raceways

ÅLow-flow conditions

ÅExperimental unit = tank

2015 MUPPT Study:

ÅNear in-situconditions

Å4 separate locations in 
Comal

ÅExperimental unit = pot

Plant Competition Study (2015)
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нлло 5ƻȅƭŜ ŜǘΦ ŀƭΦ ά{ǘŀƎƴŀƴǘ ¢ŀƴƪ {ǘǳŘȅέ

[ǳŘ ϧ IȅƎ ǎƛƳƛƭŀǊ ƎǊƻǿǘƘ ǳƴŘŜǊ άƴƻ 
ŎƻƳǇŜǘƛǘƛƻƴέ
Lud biomass significantly suppressed by Hyg
Hyg biomass not impacted by Lud
(note: data shown = tank totals, not individual 
pots)

нлмр a¦tt¢ άCƛŜƭŘ /ƻƴŘƛǘƛƻƴǎ {ǘǳŘȅέ

[ǳŘ Ҕ IȅƎ ǳƴŘŜǊ άƴƻ ŎƻƳǇŜǘƛǘƛƻƴέ
Lud biomass NOT significantly suppressed by 
Hyg
Hyg biomass not impacted by Lud
(note: data shown = individual pots)
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ap= 0.193

p= 0.062

p= 0.19

tŀǊǘ !Υ !ōƛƭƛǘȅ ƻŦ мр ŎƳ άŦǊŀƎƳŜƴǘǎέ ǘƻ ŜǎǘŀōƭƛǎƘ ŀƴŘ ƎǊƻǿ ǳƴŘŜǊ 
increasing levels of competition
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2003- Tank Study

2015 MUPPT Study

Å Established Ludwigia invaded 
by Hygrophila fragments.  
Continued growth for 10 
weeks.

Å 2003 tank study: Continued 
growth of established Ludwigia
plants strongly suppressed by 
invasion by Hygrophila
fragments (64%, p<0.01)

Å 2015 MUPPT study: No 
suppression seen.
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tŀǊǘ .Υ !ōƛƭƛǘȅ ƻŦ ŜǎǘŀōƭƛǎƘŜŘ Ǉƭŀƴǘǎ ǘƻ ŎƻƴǘƛƴǳŜ ƎǊƻǿƛƴƎ ŀŦǘŜǊ άƛƴǾŀŘŜŘέ 
by fragments of the other species



Fountain Darter Prey Consumption (2014)

Å Estimated as 5% of fountain darter 
mass/day

Å Fountain darter length and mass 
data from Fecundity Study (n = 417) 
examined for length by mass 
relationship

Å Average length of fountain darters 
captured in bio-monitoring drop 
net samples (2001-2014) from each 
major vegetation type converted to 
average mass

Å This value multiplied by 2014 
density estimates for each habitat 
type/system to estimate biomass 
requirement from prey

Å Maximum density observed 
substituted in previous equation for 
2014 density to estimate maximum 
requirement



Fountain darter average length data 

(Mean Length(sd), N, n)

Comal San Marcos

Bryophytes 23.53( 6.46), 150, 7929 -

Cabomba 25.24( 5.32), 87, 1760 24.47( 6.43), 79, 1247 

Hydrilla - 24.14( 7.16), 145, 2048

Hygrophila 23.80( 6.35), 267, 4403 24.99( 7.44), 149, 1534

Ludwigia 24.88( 5.94), 132, 3547 23.44( 6.88), 2, 9 

Sagittaria 24.59( 5.35), 49,1001 23.86( 6.41), 12, 100 

Vallisneria 24.55( 6.13), 986 , 62 26.93( 6.66), 8, 215 



Hyalella azteca

ÅMost abundant invertebrate in all 
samples

Å Previous studies have 
demonstrated importance in 
fountain darter diets (Shenck and 
Whiteside 1977, Bergin 1996)

Å Collected length data from Comal 
(n = 69) and SM (n = 77)

Å Used average length and length-
mass relationship of Bencke et al. 
1999 to estimate average mass

Å Average mass * average density = 
estimate of amphipod prey 
available



Food Availability Conclusion

ÅOverall, abundance H. azteca(one of many potential prey 
species present) far exceeds needs of fountain darters

ÅData collected from within natural systems, so predation 
etc. are likely captured in the data

ÅTurnover rates for invertebrates range from approximately 
2.5-5% with a mode of 3.5% (Waters 1969)

ÅH. azteca have been shown to have a turnover rate of 3.3% 
per day (in a different environment) and a potential rate in 
laboratory experiments of 4% per day (Cooper 1965)

ÅInvertebrate food availability is not likely to be 
limiting for fountain darters



Conceptual Model



¦Φ{Φ DŜƻƭƻƎƛŎŀƭ {ǳǊǾŜȅΩǎ ό¦{D{ύ aǳƭǘƛ-
Dimensional Surface-Water Modeling 

System (MD_SWMS)
City Park Study Reach ςHydraulic Grid: 1 Meter Resolution


