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Summary of fountain darter simulation modeling completed to date and on-going 

In summary, we have developed a spatially-explicit, individual-based, model representing 

fountain darter population dynamics in response to changes in aquatic vegetation and 

hydrological conditions.  We have verified that the model generates spatial-temporal dynamics 

of water depth, velocity, and DO concentrations similar to those observed in the Old Channel 

reach of the Comal River and the City Park reach of the San Marcos River from 2003 through 

2014.  To date, we have used historical vegetation data as input to the model, referred to as the 

de-coupled version.  These input data will be replaced by simulated vegetation responses to 

hydrological conditions when the fountain darter population dynamics submodel is coupled with 

the SAV submodel.  We have calibrated the de-coupled version of the model representing the 

Old Channel reach of the Comal River such that the simulated abundance of fountain darters in 

this reach responds appropriately to historical changes in habitat conditions.  We evaluated the 

model using the version of the model representing the City Park reach of the San Marcos River 

by comparing the simulated trends darter densities to the estimated maximum darter densities 

that could be supported by the aquatic vegetation within this reach from 2003 to 2014.   

 

The relationship of the simulated darter densities to the estimated maximum darter densities 

generated by this version of the model, without further calibration, was essentially the same as 

that generated by the calibrated (Old Channel reach) version of the model, that is, simulated 

trends paralleled observed trends.  We have further evaluated the model using the version of the 

model representing the Old Channel reach of the Comal River by comparing simulated drop net 

samples to those observed in the field.  Ranges in the numbers of fountain darters per square 

meter captured in simulated drop net samples in all but one of the vegetation types (one for 

which there were few field samples) encompassed the numbers of fountain darters per square 

meter captured in the corresponding field drop net samples.  Although this comparison does not 

constitute a validation in the strict sense of the term, since some of the field drop net data were 

used to quantify the model, it does lend confidence to the functioning of the processes 

represented in the model.  Finally, using the version of the model representing the Old Channel 

reach of the Comal River, we have examined the sensitivity darter population growth/recovery 

rates to changes in the values of parameters representing recruitment, mortality, and movement.   

 



 

HCP Ecological Model Interim Report  December 2015 
EAA 157  Contract # 13-637-HCP 
 
 

Work currently underway includes the development of an additional three versions of the model 

parameterized to represent the Landa Lake and Upper Spring Run reaches of the Comal River, 

and the I35 reach of the San Marcos River.  As soon as the final adjustments to the  SAV 

submodel have been completed, we will couple that submodel to each of the five versions of the 

darter submodel.  Technical (programming) aspects of this coupling have been completed using 

the Old Channel version of the model.  We then will use the coupled model to simulate fountain 

darter population response to various environmental scenarios, which are described in the 

following section. 

3 Fountain Darter Simulation Model Application 

3.1 Final Simulation Model 
The work on the ecosystem modeling has been directed toward completing each of the 

components of the overall conceptual model diagrammed in Figure 1.  The technical approach 

was based upon a sharply focused appreciation of the application of this model to evaluating the 

HCP (Phase 1) flow regime, specifically whether the fountain darter populations can be sustained 

under this particular set of spring flows.  The model requirements to answer this question guided 

suitable approximations and simplifications, which were incorporated into the model 

formulation.   

 

A key decision collectively made near the outset was to focus the effort on “study reaches” rather 

than the entire systems.  Over the development of the project, five ecomodel reaches were 

selected based upon available data resources, a variety of external forcings, diverse habitats, and 

existing populations of fountain darters.  During this initial phase of model formulation and 

development, the project was confined to two primary reaches, the Old Channel of the Comal 

River and the City Park reach of the San Marcos River.  At present time, the Team believes that 

working models in these five ecomodel reaches will answer the foundational question of whether 

fountain darter populations can be sustained per the HCP (Phase 1) flow regime.  By 

concentrating on carefully selected reaches for model application, a satisfactory answer can be 

achieved without the expense and complexity of a complete river-system model, which could 

require years for model calibration and verification.   
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The opportunity of the project to take advantage of the previous efforts of the San Marcos 

Observing System, EARIP, historical research and targeted work supported by the HCP in 

developing and applying numerical models of velocity and water depth (the hydraulic model), 

and of temperature and dissolved oxygen (the water quality model) meant that these activities are 

the furthest advanced at this point in time.  So much so that these components are considered to 

be complete, there remaining only the tasks of streamlining the transfer of output from these 

models into the ecosystem models.  This same opportunity was not available for either the SAV 

or the fountain darter model.  Instead, these had to be developed from first principles, relying 

upon extensive analyses of the data resources.  Both models are advancing the state of the art, 

and at this point are not complete, though the preliminary results are encouraging.  The final step 

in model integration is linking the output of the SAV model as an input to the fountain darter 

simulation model.   

 

3.2 Model Operation 
The conceptual model of Figure 1 in some respects suggests how the actual computational model 

might be structured.  There are, however, practical aspects of implementing the indicated model 

executions to simplify the set-up and application of the model to a specific problem.  To guide 

this aspect of model development—by which is meant the construction of an operating computer 

program to carry out the numerical operations underlying the ecosystem model—a companion 

conceptual operations model was formulated, presented in Figure 63.  In this diagram the arrows 

indicate the actual transfer of information from one subunit of the program to another, which in 

some cases corresponds to the conceptual model, but in other circumstances is specific to the 

functioning of the computer. 
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Figure 63. Conceptual Operations Model   
 
From the standpoint of operating a computer program, several desired features of the program 

may be delineated: 

 
(1)  Model set-up and operation through a graphical user interface (GUI) 
(2)  Standardized initiation to ensure comparability of time-series model runs  
(3)  Limited input options specifically tailored to management questions to 

simplify operation of model 
(4)  Range of output formats to facilitate post-run analysis and displays 

 
Desideratum (1) recognizes the ubiquity of GUI’s in modern microcomputer operations, and the 

intuitive value of such an interface in working through the tedious process for setting up and 

executing complex numerical models.  Work has been underway for some time by the project 

team on the series of GUI options to be used to set up and execute the ecosystem model.  The 

prominent role of the GUI in directing various inputs to the model is shown in Figure 63. 
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Unlike the simplified conceptual model (Figure 1), the actual model operation must contend with 

the complexity of spatial distribution of variables being advanced in time.  Every element of the 

conceptual model, including the inputs and processes, changes from point to point in space and 

from one time step to the next.  This imposes a problem from the outset (literally) because the 

model must be initiated with values at all positions in the spatial domain for each of the 

dependent and independent variables.  Practically, these “initial conditions” are unknown.  Even 

when field data are available, this will never comprise measurements of each variable at every 

grid point in space (and even if it did, these measurements would include random errors).  

Therefore any arbitrary initial condition will contain inconsistencies between the variable values 

and the complex of equations relating one variable to another.  These inconsistencies are referred 

to as a “starting transient”, and as the model advances in time and the model equations are 

repeatedly applied over the spatial domain, these starting transients will decay in time from the 

model system.  (This decay time is sometimes called “flushing time” in riverine modeling, or 

“spin-up” time in coastal modeling, a term borrowed from large-scale dynamical models in 

which the rotation of the earth is included.)   

 

The user should not be expected to deal with such technicalities, so the intent of Desideratum (2) 

above is that a small library of spatial-domain populations of model variables will be created by 

running the model forward in time with steady inputs until the model values equilibrate.  Such a 

field of model variables values will then be internally consistent and suitable for serving as initial 

conditions for operational runs.  It is intended that this initiation step be largely automated and 

implemented by the computer without significant intervention by the user, so it is implicit in the 

opening of hydraulic and water-quality files and the initiation operations of the SAV and 

fountain darter models, shown in Figure 63. 

 

The practical application of the finished model program will be in addressing specific 

management problems that may confront the EARIP.  A model with unlimited capabilities for 

set-up and input would place unrealistic demands on the Signatory’s staffs, members of the 

Science Committee, stakeholders, etc in learning the modeling system and components.  Instead, 

it is the team’s conviction that the model should present a small number of likely management 
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cases for which the model can be activated with prepared inputs, subject to manipulation in 

magnitude.  This is the philosophy underlying Desideratum (3) above.  Specific examples will be 

described below. 

 

Finally, one important use of the model will be communication of model results to members of 

the EARIP and to the public at large.  Additional processing and graphic depiction of model 

results will be useful in facilitating this communication.  It is important, therefore, that a model 

simulation provide sufficient output to support this communication function in versatile, robust 

formats for importation into spreadsheet programs, statistical packages, and graphic image 

applications.  This is the intent of Desideratum (4). 

 

Several examples may clarify the envisioned model applications.  Of course, the single most 

important model scenario is a low-flow summer condition with substantially diminished spring 

flows.  The user will first select the river reach of concern (or perhaps address each reach in 

sequence), as indicated in Figure 63.  Next spring flows are specified, perhaps together with 

season.  (This specification is still under evaluation, and may take the form of selection from 

several scenarios, may involve the direct user input of spring flow magnitudes or may use 

seasonal HCP flows embedded within the 2003-14 standard time period.)  From this input, the 

model will import the necessary spatial-domain grid with physiography, and populate the fields 

of velocity and water levels, followed by daily minimum DO and daily maximum temperatures, 

see Figure 63.  Finally, the user selects the SAV and fountain darter scenarios.  For most 

comparative evaluations, especially of sustainability of the fountain darter populations, the 2003-

14 standard time history will be used.  However, the model will accommodate some special 

management problems, as described further below.  At this point, the model is run and provides a 

display of the evolution of the SAV and fountain darter spatial distributions with time within the 

GUI (Figure 63).  In addition, ASCII (text) files will be output at a specified frequency capable 

of being imported into additional special-purpose programs, such as spreadsheets. 

 

One of the principal concerns of the team is the impact of loss of aquatic vegetation on the 

fountain darter population.  After a loss event, the concern is the length of time required for 

vegetation to recover, and the species that will probably be dominant.  The effects of recreation 
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on vegetation will be treated by reducing or eliminating (i.e., zeroing the coverage of) all species 

in specific areas known to be subjected to heavy recreational use, for time periods every summer 

corresponding to the tourist season.  This at present will require the use of GIS to modify the 

appropriate vegetation coverage polygon(s).  Upon the termination of the recreation season, the 

SAV model will re-vegetate these impacted areas by regrowth through rooting of seeds, plant 

fragments and rhizomes.  An even more catastrophic process is the occasional scour event 

associated with floods in the river.  In the present model, a scour event is assumed to remove all 

SAV’s, and the modeling problem is to simulate the re-establishment of vegetation in the 

affected areas.   

 

The SAV component of the model can also be used to simulate the effect of plant-community 

restoration, by initializing the SAV distribution with the desired native plants.  Again, this will 

be handled by re-initializing the area in which a hypothetical restoration project is to take place, 

determining the model response of vegetation growth, then simulating the effects of the new 

habitats on fountain darters.  This at present will require the use of GIS to modify the appropriate 

vegetation coverage polygon(s).   

 

Similarly, several impact events and/or management strategies for fountain darters can be 

capable of simulation by proper specification of initial populations and/or process parameters, 

e.g., increases in mortality due to disease or parasites, total loss due to catastrophic spills, and 

rates of population growth after re-introduction of the species.  This at present will require the 

use of GIS to modify the appropriate vegetation coverage polygon(s).   

 

4 Next Steps and Future Considerations 
Year 3 

It should be neither overreach nor palliation to observe that as an interim progress report, this 

reports work in progress, and there remains work to be done.  Among the tasks remaining, the 

SAV model will be brought to completion and implemented as an input to the fountain darter 

simulation model.  Additional validation work will be necessary for the combined models.  Once 

the model performance is judged satisfactory for the two primary study reaches (Old Channel on 
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the Comal River and the City Park reach of the San Marcos River), model operation for the 

remaining three ecomodel reaches will be undertaken.  This will also entail more extensive 

validation, with cross comparison of the key parameterizations over the five ecomodel reaches.  

This validation will also include an assessment and quantification of uncertainty in both data and 

model, and its use in interpreting model results. 

 

Additional development of the complete computer code is necessary, with integrated GUI and a 

range of scenarios at the disposal of the user.  Preparation of these scenarios will be a major 

undertaking, with the initial focus on the HCP flow regime and the standard time period 

operation (i.e., 2003-2014).  A brief user’s guide will be prepared and training sessions offered to 

the Signatory’s staff in late 2016 as per contractual requirements. 

 
Future Considerations 

Though the completed, validated and operational fountain darter simulation model will complete 

this contracted effort in late 2016, this likely will not be the end of model development for the 

Comal and San Marcos springs ecosystems.  Other management scenarios may present 

themselves as being desirable for inclusion in the model operation.  Extensions of the scope of 

the model will require re-examination of the simplifications employed in this work, and possibly 

entail additional parameterization and validation.  In particular, the EARIP may consider 

extending the model to address the impacts of storm runoff on nutrient loads and loads of toxic 

compounds.  With respect to nutrients, under extreme low-flow conditions, and/or with 

increasing urbanization of the river watersheds, reaches may become eutrophic.  This could be 

prejudicial for the fountain darter population, as well as other species in the rivers.   

 

As stated in the HCP, there is uncertainty inherent with predictions about the duration and extent 

of low flow conditions at Comal Springs, but the effects of these predicted scenarios and 

droughts of lesser durations will likely affect the quality and quantity of habitat for other HCP 

Covered species. In particular, the Comal springs riffle beetle has a fairly limited spatial 

distribution within the system, so changes in flow could lead to areas suitable for riffle beetle 

habitat in the system becoming reduced in area and fragmented, potentially leading to the spatial 

separation of beetles from potential higher quality food resources they utilize. It was the 
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judgment of this team that the information base for the riffle beetle is presently inadequate to 

construct an ecosystem model focused upon this species.  The project team concurs with the 

National Academy of Science’s recommendations for the EARIP to consider focused monitoring 

studies and/or applied research to define the habitat, water-quality, and food sources for the riffle 

beetle, and the future development of a population model. 
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MEMORANDUM 
 
FROM: George H. Ward 
DATE: 20 June 2013 
SUBJECT: Notes on kickoff teleconference, 20 Jun 2013 
 
  
 
Participants: 
 
Ed Oborny BIO-WEST 
Robert Doyle Baylor 
Tim Lewis ERDC 
Thom Hardy WSG 
Todd Swannack ERDC 
Bill Grant TAMU 
George Ward UT 
 
1.  Contracting status 
 
Baylor, WSG, Ward complete and active. 
TSU, TAMU, ERDC underway. 
More info is needed for TAMU and ERDC.  Ed will discuss offline. 
 
There was some discussion of the time reporting requirements for invoicing.  EAA will 
ultimately need to see documentation of individual’s hours on specific project subtasks.  This 
may present a problem for the universities, as the level of detail is typically hours on the project 
account, but does not extend to subtask delineation nor does it include hours spent but not 
formally charged.   
 
Also, all non-labor expenses (travel, meal, etc.) will need to be itemized and accompanied by a 
receipt. 
 
Ed noted that the BIO-WEST invoice will be sent to EAA o/a the 4th of each month, so if it is 
important that a subcontractor have an invoice included in that mailing, BIO-WEST needs to 
receive it no later than the 3rd. 
 
2.  “Project notebook” deliverable 
 
This is apparently motivated by the contracting staff at EAA who has found this practice useful.  
The prime requirement is a documentation of the process by which key decisions were arrived at. 
 
It will be important to document our work as it proceeds by brief technical memoranda, internal 
memoranda and “notes to self”, to expedite team communication and to facilitate report 
preparation, so this practice should also assist in creating “notebooks”.  No particular format is 
suggested, as it is our impression that the notebooks will be informal compilations.   



 

Ecosystem Team teleconference page 2 
20 Jun 2013 
 
 
3.  Task statements, subcontractor scope and schedules 
 
Ed reviewed the organization of the first year’s effort into various subtasks and the assignments 
of responsibility.  Principal initial effort will be the lit surveys for aquatic macroinvertebrates and 
Comal Springs riffle-beetle modeling.  Reviews should be organized as an overview of the 
present status of modeling with a fairly comprehensive list of primary citations.  The lit review 
should summarize the modeling approaches (which we expect will be only a few broad 
categories) and provide a brief summary of suitability for EAA. 
 
Three data acquisition internal memos (WSG – Utah State work / ERDC – SAV models / TAMU 
– fountain darter model) will need to be completed by early August (o/a 1 August) for sharing 
the present status of existing work among team members.  In addition, two data mining memos 
(SAV and fountain darter) will need to be completed by the end of August to facilitate internal 
scope preparation. 
 
Despite the fact that a lot of work will be carried out by October, this will not end the task effort, 
especially for 3.1 and 3.2.  Though the remaining budget will be limited, it will be important that 
some modeling work be carried out in the remainder of the year. 
 
It is suggested that we plan to have two meetings to fulfill contractual obligations: one in the 
Oct-Nov timeframe with the science committee/ implementing committee/EAA) to review our 
progress and discuss calibration data sets; and one in the spring (o/a early March) with the same 
groups to go over recommendations and future work. 
 
Thom noted the importance of skull sessions to identify specific capabilities that each model will 
need to have to satisfy the requirements of EAA.  It may be helpful that some of these be in 
person, at least among the members located in the Central Texas area. 
 
In summary, Ed reiterated that several deadlines and deliverables (most internal but one external) 
will be coming up in the next quarter as follows: 

• August 1 – Three data acquisition internal memos 
• August 30 – Two internal data mining/coordination memos 
• August 30 – Literature review from WSG to PI 
• Sept 16 – Internal Scopes for SAV and fountain darter 
• Sept 30 – Submittal of literature review to EAA 

 
4.  Communication 
 
Communication among the project members is an important dimension of this work.  It is 
suggested that we try to have a brief teleconference about every two weeks starting in the latter 
half of July.  Suggestions for suitable days/times are solicited.  In addition, we anticipate 
frequent communication via e-mails as the work progresses. 



 

MEMORANDUM 
 
FROM: George H. Ward 
DATE: 27 September 2013 
SUBJECT: Notes on Ecosystem Team meeting, 20 Sep 2013 
 Meadows Institute Offices, San Marcos 
 
  
 
Attendance: 
 
Thom Hardy WSG Bill Grant TAMU 
Ed Oborny BIO-WEST Rose Wang TAMU 
Robert Doyle Baylor Tim Bonner TSU 
Todd Swannack ERDC George Ward UT 
Tim Lewis ERDC (remote via call-in) 
 
 
1.  Contracting status 
 
All contracts in place and underway.  Todd is now resident in office at Texas State. 
 
Discussion of the time reporting requirements for invoicing.  EAA will probably require 
documentation of individual’s hours on specific project subtasks, though it is not clear how this 
will be handled for subcontractors.  It will be important for the academic team members, who are 
paid by appointment typically on a semester basis, to keep independent records of time spent on 
the EAA project, in case documentation is required later.  Also, all non-labor expenses (travel, 
meal, etc.) will need to be itemized and accompanied by a receipt.  Tips are not honored. 
 
Robert Gulley has retired.  Nathan Pence is the new HCP program manager. 
 
 
2.  Review of Scope 
 
The scope items for the present contract were briefly reviewed.  Ed’s reading of the EAA intent 
is, while flow is a management objective for the HCP, the overall objective is biological 
condition.  Therefore what is ultimately needed is a model that can address flow regimes, e.g., 
for Comal Springs: 
 
 a drop to one month at 30 cfs 
 followed by six months at 60 cfs 
 
while maintaining a long-term average of 195 cfs, cf. Section 1.7.1.2 of the HCP, and relate these 
to ecosystem health.  That is, the model needs to be capable of accepting a time signal of flow as 
input.  Basically, the project needs to refine the conditions stated in the HCP. 
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Controlling and other external factors were discussed for possible inclusion in the model.  Gill 
parasite component may be useful in management, but data show a decline of the parasite 
(reasons unknown).  The macroinvertebrate model may be useful as a model food source to the 
darters.  The darter can tolerate up to 34.5°C, but amphipods may not be able to, so a lower 
threshold may be the more effective temperature constraint.  Hyalella may serve as proxy for 
amphipods.  Mayflies are also a prime food source, maybe even more than amphipods.  Canopy 
cover should be considered.  Thom noted that his temperature model includes shading.  
Functional ecogroups might be better than individual species. 
 
Geographical distributions of fountain darters were discussed in context of the extent of spatial 
depiction necessary.  Fountain darters typically don’t use the spring runs, and are mainly in the 
lakes and river reaches, particularly where temperatures are stable.  Tim B.: darters are inactive 
under good conditions, but when conditions are changing no one really knows how far they will 
move.  He is presently studying this in an ongoing project.  Is a detailed computational grid 
really necessary?  Why not identify those regions in which certain species are known to occur (or 
not) and model as a single spatial region connected to others? 
 
 
3.  Review of data availability 
 
Data holding in the various categories of vegetation, inverts, fish, external conditions were 
briefly reviewed.  Marcus Geary (EAA) noted as source for hydrological data.   
 
 
4.  Draft report on riffle beetle & invertebrates 
 
Task 1 requires preparation of a literature review addressing two topics: (1) possible modeling 
strategies for the riffle beetle & (2) a modeling approach for aquatic macroinverts.  Dr Hardy has 
prepared a draft addressing both.  (He included a literature review on Hyalella, to serve as a 
proxy for inverts.)  The team agreed that these are in fact independent topics, because the riffle 
beetle is addressed solely because of its endangered status, not because of its role in the 
ecosystem, while the macroinvert modeling is necessitated by its function as a food source.  The 
possibility of separating these into two separate reports was discussed.  On the one hand, these 
are independent subjects, but on the other hand, there is some overlap.   
 
Some discussion was devoted to identifying the target readership for the report.  George 
expressed discomfort that the draft report seems to be addressed to the Science Committee, 
instead of a reader at the level of, say, Dr. Gulley, noting that after all it is the EAA, not the 
Science Committee, that cuts our checks.  The consensus of the group, however, was that the 
Science Committee is the appropriate audience, because it is exclusively their opinion that 
dictates the EAA’s acceptance of the report.   
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A re-organization of the draft report was proposed, and Dr Hardy will undertake this revision, 
which will then be reviewed by the team.  The decision of whether to submit independent reports 
was deferred until the report is re-drafted. 
 
 
5.  Key questions or requirements, and next steps 
 
Several key questions/requirements were identified in the course of discussion and summarized 
as follows: 
 
Macroinverts need to be explicitly addressed and incorporated into the model(s). 
 
Bonner: The Team needs to have a brief but directed consideration that will limit the theoretical 
models to what are needed & applicable to Comal and San Marcos Springs. 
 
While it is the consensus that spatial dependency is important, we need to think through exactly 
how we will depict this in the modeling.  It was noted that different vegetation species react 
differently to hydrology, particularly to flooding. 
 
We need to formulate conceptual model(s) of the springs systems and rivers.  In particular, an 
expanded conceptual model for each of the fountain darter and SAV’s is needed.  Bill and Todd, 
respectively, will prepare first-cuts at these. 
 
Todd will begin setting up a one-species model for vegetation to facilitate our consideration of 
this aspect of the modeling and to identify needed parameters. 
 
How will we be able to validate the model for extreme low-flow events until these actually 
occur?  The suggestion was made to seek data from other systems where such low flows are 
more common.  This needs to be looked into. 
 
First draft of conceptual models to be prepared by TAMU and submitted within a few days.  
Upon project team review, a conference call will be conducted Friday, October 4th

 

 at 2pm to 
provide feedback on the conceptual models. 

Next face to face meeting tentatively scheduled for October 25th

 
 with location to be determined. 



 

MEMORANDUM 
 
FROM: George H. Ward, scribe 
DATE: 7 October 2013 
SUBJECT: Notes on teleconference, 4 October 2013 
 
  
 
Participants: 
 
Ed Oborny BIO-WEST 
Thom Hardy WSG 
Todd Swannack ERDC 
Rose Wang TAMU 
Bill Grant TAMU 
Tim Bonner TSU 
George Ward UT 
 
1.  Conceptual model of fountain darter 
 
The draft conceptual models sketched by the TAMU team members was discussed.  Key 
discussion points summarized as follows: 
 
As formulated, the model appears comprehensive, including land-use, presumably runoff from 
the watershed, etc.  Are we still mainly concerned with spring flows in the range 0-125 cfs, say, 
or are going to model the world?  Emphasis remains on the low flows, though we need the 
capability to input a “regime”, or a time variation of these flows.  But for the conceptual model 
it’s a good idea to include every potential control just to remind us that these operate at some 
scale, though we may choose to neglect them for our specific scenarios. 
 
There isn’t a food source for the darter.  Do we need one?  Yes, we need to include a food 
source, maybe one or two more boxes with generic categories, e.g. amphipods.   
 
The gill parasite needs to be brought into the model.  We can’t lose sight of its potential impact 
on the darter population. 
 
Some discussion of movement rules for the darter.  Thom remembered a similar individual-based 
model developed by Railsback and will try to distribute a copy.  He followed up with a copy of 
Railsback et al. (1999, Ecological Modeling 123), attached.  (Subsequently, this scribe attempted 
to download USFS Report PSW-GTR-182 but the Forest Service site is down due to the 
government shutdown.  However, Railsback et al. 2012, Natural Resource Modeling 15, may be 
useful, also attached.) 
 
To move from the conceptual model to the quantitative model, Bill and Rose need input from the 
experts in two categories: (1) a list of what needs to be in the model, (2) rough, even qualitative 
functional depictions of the key processes, e.g. temperature response.  Bill and Rose will prepare  
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graphical blank forms for each key process and distribute these to the team by 9 October, and the 
team will sketch the functional responses as they perceive them and return to TAMU by 15 
October, whereupon Bill and Rose will incorporate these into a first draft of the darter model. 
 
 
2.  Literature search draft report 
 
This scribe has re-formatted the draft report prepared by Thom and distributed it to the team.   
 
Consensus is that the bullets summarizing the recommendations from the EAA expert modeling 
panel of last summer should be deleted, since we have moved beyond this level of modeling.  It 
would be good to have an initial paragraph describing the literature search, e.g., the number of 
documents located and reviewed, though not explicitly cited in the text. 
 
The suggestion was made that we back off stating a recommendation for a model for either 
invertebrates in general or the riffle beetle, because we are not sufficiently along in the review to 
commit.  This is, after all, a literature review, but not necessarily a decision point. 
 
There may be a BBN model diagram specific to the riffle beetle analogous to Fig. 11 from Jean 
Cochrane.  Thom and a few members of the team have a vague memory that this has been 
presented in the past.   
 
A revised version will be forthcoming shortly with mainly edits, which will be distributed at 
once to the team.  Any substantive changes or additions from the team need to be supplied 
quickly, as we are already behind the delivery date for this report. 
 
 
3.  Next meetings 
 
We will have a telephone conference call Monday 21 October (2013) at 2:00 PM. 
 
The next meeting will be at the Meadows Institute, 13 November 2013 at 1:00. 
 
 



 

FROM: George H. Ward, scribe 
DATE: 21 October 2013 
SUBJECT: Notes on teleconference, 21 October 2013 
 
  
 
Participants: 
 
Ed Oborny BIO-WEST 
Thom Hardy WSG 
Todd Swannack ERDC 
Rose Wang TAMU 
Bill Grant TAMU 
Tim Bonner TSU 
George Ward UT 
 
Objective:  Discuss the “judgments” of darter dependency on external parameters requested by 
TAMU team. 
 
At this point, only Ed has responded to the request of Bill and Rose for inputs to their conceptual 
model for darters. 
 
Bill clarified the desired format of the exercise.  The increase of darter population 
(“recruitment,” which will in fact include several mechanisms that increase the population) or 
decrease (“mortality”, likewise, incorporating several mechanisms that decrease the population) 
should be thought of as a factor that will multiply the respective “base” rate, hence its depiction 
as a dimensionless variable.  How this variable changes with an external parameter, such as 
temperature or plant cover, as “professional judgment,” is what TAMU is seeking for the first 
version of the darter model.  For now, the effect of several external parameters will be 
determined by simply multiplying the scaling factors.  Later, more complicated formulations can 
be accommodated.   
 
Bill further described the three categories or uses of data from the perspective of developing a 
systems simulation model:  
 
 (1) driving variable data, 
 (2) evaluation data,  
 (3) data that are analyzed to quantify functional relationships within the model  
 
In the last case, the results of the analyses, perhaps a regression equation, actually become part of 
the model.  Driving (or external) variables (1) affect the system but are not affected by the 
system.  For example, we might use a time series of rainfall data to generate primary production, 
thus changing the state of the system, but future rainfall is  
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unaffected by these changes to the system.  Variables such as rainfall are not inherently driving 
variables, it depends on the system of interest.  For example, massive deforestation would affect 
rainfall patterns.  Evaluation* data (2) often are time series of population sizes or standing crop 
biomasses, which represent real-world observations on the things we are trying to simulate.  We 
don’t use these data to construct the model, but rather we compare them to their simulated 
counterparts to see how well the model is performing.  The third category of data (3) may come 
in many forms, but the distinguishing feature is that they are used to quantify the functional 
relationships in the model, often taking the form of rate equations, or expressing the likelihood 
that some process will occur.   
 
Ed has supplied an older STELLA model from an earlier HCP report.  The relations depicted are 
correlative, that is, regressions of the population versus the external parameter.  Bill pointed out 
that what he needs is a rate of increase or decrease associated with the external parameter, which 
does not necessarily follow from a correlative relation.   
 
Some questions about the scale (i.e., units) for certain external parameters.  Sediment texture 
(grain-size), for example.  The Wentworth scale is fine.  Current could be in units of speed, or 
represented by flow. 
 
Ed expressed concern that attempting to depict multiple variables may result in “double-
dipping”, for example, representing the effect of current on darter population explicitly may 
duplicate the relation already implicit in another variable that current affects, e.g., vegetation 
cover of a species that is scoured by high currents, or substrate texture that is governed by 
statistics of current speed. 
 
This emphasizes the importance of a sound conceptual model, because there may indeed be 
several different relations on the same variable, depending upon the intermediate mechanisms 
operating.  Bill observed that the time scale of response is important here.  If a plant species is 
scoured out by high currents, does it simply grow back, or does some sort of successional 
development take place?  Though this question was offered as an example of what other 
considerations are invoked by looking at longer time scales, Thom noted that this question has 
been addressed for the San Marcos by Hannan and Dorris (1970). 
 
The main purpose of the model is to test the flow regime specified in the HCP, then to determine, 
on the one hand, whether the specified flows can be reduced without appreciable impact on the 
ecosystem, and on the other whether higher flows are needed to preserve the ecosystem.  But we 
made it clear to EAA that a fully operational model cannot be completed within the first year of 
this project.  We should, however, be striving to have an operational framework that we can 
demonstrate on a PC.  Such a model will  
 
 
 
* Bill doesn’t like the term “validation.” 
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also be useful to the team in formulating future research studies to be undertaken in the following 
years, by better identifying critical information deficiencies. 
 
Thom recommended that we start with fundamentally simple relations, and use the data to test 
these relations.  He would also like us to start thinking about how we are going to incorporate 
spatial variability into the model(s). 
 
Bill and Rose want to use NETLOGO instead of STELLA, part because it is freely available, 
while STELLA requires purchase of a license.  They have already tested the older demographic 
model (from Mora et al., 2013) in NETLOGO and found it to give equivalent answers.   
 
Tim is sitting on a lot of data from the San Marcos that requires some number-crunching to get 
the inputs that TAMU is looking for.  He believes he can carry out the necessary calculations and 
get something to TAMU by the end of the week. 
 
George remarked that “equifinality” is a concern, particularly with uses of data to evaluate a 
model, i.e., Bill’s category (3), and will need to be discussed later. 
 
Todd is working on the single-species model.  He is also working on extracting functional forms 
for SAV responses to external parameters and will have something for the team by the end of the 
week. 
 
Over the next three weeks, leading up to the 13 November team meeting, the team should be 
looking at the preliminary model results and interacting among ourselves in modifying the inputs 
to achieve a realistic (sort-of) behavior. 
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