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      Comment on Montana’s proposed replacement of numeric nutrient standards  
       for Montana wadeable streams and medium-sized rivers  

     with reversion to a narrative nutrient translator  
 

              by JoAnn Burkholder, Ph.D., June 7, 2024    
         
I. Overall Evaluation   
  

I am an aquatic scientist with more than 40 years of experience in assessment of nutrient 
pollution impacts on surface waters (curriculum vitae attached). I was requested by Upper Missouri 
Waterkeeper to evaluate the scientific merit of the replacement of the U.S. EPA (Environmental 
Protection Agency)-approved numeric total nitrogen (TN) and total phosphorus (TP) standards for 
Montana wadeable streams and medium-sized rivers with reversion to a ~50-year-old narrative 
nutrient standard emphasizing phosphorus.  The writing below contains my expert opinions, which    
I hold to a reasonable degree of scientific certainty.  These opinions are based upon my application   
of expertise and professional judgment to the sufficient facts and data after reviewing pertinent 
available documents and a large body of science literature.     

 
The 1970 narrative standard was recently interpreted by the Montana Department of 

Environmental Quality (MDEQ) Circular DEQ-15, “Translation of Narrative Nutrient Standards and 
Implementation of the Adaptive Management Program, March 2024 Edition” (MDEQ 2024a, 
hereafter referred to as the draft Narrative Translator or the draft Translator, with technical  
support document MDEQ 2024b) and the “Proposed Rule Adoption and Repeal” (Proposed Rule      
3-8-24).  It is my understanding that both the Narrative Translator and the Proposed Rule 3-8-24  
are intended to implement an act enacted by the Montana State Legislature in 2021. 

 
Nutrient (N and P) pollution is a major source of impairment to U.S. surface waters (U.S. EPA 

2000a,b, 2023).  The U.S. EPA (2017) defined nutrient-related impairment to include waters 
impaired from excessive nutrients, algal growth, noxious aquatic plants, and/or organic enrichment 
/oxygen depletion.  Water quality criteria for nutrients can be either narrative (for example, 
“waters shall be free from unnatural plant or algal growth” - Illinois) or numeric (e.g., MDEQ’s 
(2014) numeric TN and TP criteria for wadeable streams and medium-sized rivers).  Based on 
rigorous review of nutrient science as well as management experience, the U.S. EPA (2000a,b) 
reported that numeric N and P criteria are needed to protect the nation’s surface waters adequately 
from nutrient pollution because numeric criteria create clear, direct goals aimed at the two key 
parameters that repeatedly have caused undesirable impacts on aquatic life, drinking water, and 
recreation, and can be practicably used to establish permit limits.   

 
The 1970 narrative standard covered general prohibitions for various pollutants (ARM 

17.30.637):   
 
State surface waters must be free from substances attributable to municipal, 
industrial, agricultural practices or other discharges that will...(d) create 
concentrations or combinations of materials which are toxic or harmful to human, 
animal, plant, or aquatic life; and (e) create conditions which produce undesirable 
aquatic life. 

 
Narrative criteria should be interpreted and implemented to protect against nutrient pollution 

that creates harmful algal blooms, major unnatural plant growth and other obvious undesirable 
aquatic life.  However, narrative criteria have proven difficult to use effectively to protect surface 
waters from degradation due to nutrient pollution (U.S. EPA 2000a,b, 2022a-c).  As examples of 
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interpretative difficulties, nutrient pollution is 
harmful for some aquatic organisms but 
stimulatory for others, and what is deemed 
“desirable” versus “undesirable” aquatic life can 
be subjective unless more clearly defined.  
Various Montana rivers and run-of-river 
impoundments (reservoirs) offer clear 
illustrations of inadequate nutrient controls 
imposed by the narrative approach:  Within the 
past decade, the noxious, P- and N-“loving” 
filamentous macroalga Cladophora has 
overgrown various wadeable streams and 
medium rivers (Figure 1).  Harmful cyano-
bacteria have proliferated in downstream 
reservoirs, impairing the use of these waters by 
beneficial aquatic life (Figure 2).   

 
After nearly a decade of careful empirical 

studies and thorough consideration of 
established nutrient science for freshwaters 
(e.g., Suplee et al. 2008, 2012), MDEQ used 
EPA’s nutrient ecoregions/sub-ecoregions 
approach and led the nation in developing 
numeric TP and TN criteria (MDEQ 2014, U.S. 
EPA 2015a). The numeric criteria were clear, 
consistent, science-based quantitative targets.  
They were applicable to wadeable streams and 
medium rivers across the state, and to portions 
of the Yellowstone River.  They were approved 
by the U.S. EPA (2015a) because, as EPA noted,  
 

MT’s integration of multiple approaches—
results from stressor-response studies, 
understanding of reference conditions, 
nutrient limitations—minimizes the 
uncertainty associated with a single 
approach and further strengthens the 
technical basis for the final numeric 
nutrient criteria values....MT’s numeric 
nutrient criteria....will protect aquatic life 
and recreational designated uses and are 
based on a sound scientific rationale that is 
consistent with EPA guidance on deriving 
NNC using scientifically defensible 
methods. 

 
In 2021 the Montana state legislature 

passed legislation to repeal these protective 
numeric nutrient criteria, returning to the 1970 narrative water quality general criteria, and directed 
adoption of a new process for implementing narrative standards (draft Narrative Translator, p.1).  
After issuing various drafts, MDEQ proposed the draft Narrative Translator 3-24 and Proposed Rule 

Figure 1.  Massive bloom of the noxious benthic 
macroalga, Cladophora, in the middle Gallatin River, 
MT, August 2020. Such blooms, known to be fueled 
by N+P enrichment, began to be this extreme in the 
Gallatin during summer/fall 2018, coinciding with 
highly stimulatory N from pollution (3 mg TN/L or 
more, ~10 to 100-fold higher than healthy conditions 
recommended by the U.S. EPA 2000c). From 
https://www.uppermissouriwaterkeeper.org/summer-
2020-neon-green-algal-bloom-on-the-gallatin-river/.  
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Figure 2. Examples of harmful algae thriving in reservoirs 
across Montana: (a) Cyanobacteria bloom in Canyon Ferry 
Reservoir (2018), among what was described as various 
potentially harmful algal blooms in the Helena-area reservoirs 
(see https://helenair.com/potentially-harmful-blue-green-
algae-reported-in-helena-reservoirs-officials-
say/article_3704b8c2-845a-546e-b0ed-ab40bf6a1199.html). 
(b) Cyanobacteria bloom in Ackley Lake, Great Falls, August 
2022 (see https://www.krtv.com/news/montana-and-regional-
news/harmful-algal-blooms-reported-at-ackley-lake-state-
park). Such blooms were described as seasonally common in 
waters across central and eastern Montana. (c) From MT 
DPHHS, warning citizens across the state to be vigilant 
during summer/early fall (https://my1035.com/pet-owners-
beware-of-harmful-algae-blooms-across-montana/). Also see 
https://dphhs.mt.gov/publichealth/Epidemiology/hab. 
  

3-8-24.  Part I of this draft Narrative 
Translator provides information 
about translating the narrative 
nutrient standards in accordance 
with new Montana Rule I 
(determination of whether a 
waterbody is achieving the narrative 
standard), which is part of Proposed 
Rule 3-8-24.  Part II of the draft 
Narrative Translator provides 
information about implementing the 
adaptive management program 
(including adaptive management 
plans, AMPs) in accordance with new 
Montana Rule II, also part of 
Proposed Rule 3-8-24.  

 
My overall assessment is that 

the draft Narrative Translator will 
allow serious damage to Montana 
streams and rivers before any steps 
are taken to mitigate nutrient 
pollution.  The draft Translator’s 
Adaptive Management Program 
allows 3- to 5-year (even up to 20-
year) waiting periods before action 
may be taken to attempt to address 
nutrient-related degradation. If data 
for causal and response variables 
targeted in the draft Translator are 
not all available, a (vague) “reason-
able amount of time” will be allowed 
before any assessment might be 
made.   

 
Threshold values for both 

causal and response variables should 
represent limits beyond which harm 
to beneficial uses will occur (Suplee 
et al. 2024, p.8). That is not achieved 
by the draft Narrative Translator. In 
contrast to the clear targets imposed 
by numeric TM and TP criteria, 
MDEQ’s  TN and TP thresholds may  or 
may not trigger any corrective action.  
They are based partly on what MDEQ 
mistakenly refers to as “natural 
background” levels that are  excessive 
in comparison to the U.S. EPA’s 
(2000c,d; 2001a,b) recommendations 
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for minimal impact from nutrient pollution, and even excessive in comparison to background 
concentrations reported for many Montana streams by MDEQ.  This problem is compounded by the 
seriously inadequate sampling required, which will prevent reliable assessment of stream and river 
conditions and detection of threshold exceedances for long periods.  Once an excessive response 
variable threshold can be detected, the steps to assess when/whether  nutrient pollution may be 
addressed seem more like a caveat-packed maze than a clear, step-by-step progression. Tangible 
endings that protect Montana streams, rivers, and downstream waters are, if present, obscured 
(draft Narrative Translator, Figure 1-1 and accompanying text). 

 
Primary producers (algae and vascular plants or macrophytes) generally provide the most 

sensitive and direct responses to changes in water quality and nutrient concentrations (U.S. EPA 
2000a,b). However, the draft Translator ignores three of four major groups of primary producers 
known to cause problems in Montana waters due to nutrient pollution. Inadequate sampling of the 
remaining group, benthic algae, will make assessments unreliable.  Only one of Montana’s many 
valuable spring creek ecosystems is covered by the draft Narrative Translator; all the rest are to be 
(vaguely) evaluated over time (years? decades?) on a site-by-site basis.  Streams and medium river 
reaches below dams are to be given, perhaps, special consideration, but the scientific merit of that 
point cannot be assessed because further details are entirely lacking.   No clear protection from 
nutrient pollution is provided for the many ecologically and economically important reservoirs   
along the state’s rivers, or for other downstream waters.  

 
The U.S. EPA (Grubbs 2001, p.4) had counseled that if states were to choose a narrative 

nutrient criterion, as a requirement there would need to be detailed mechanisms for translating [it] 
into numeric values that clearly protect the designated uses of the waterbody.  The draft Narrative 
Translator does not satisfy that requirement.  It is replete with variances and new exemptions for 
point source dischargers.  It rests in part on adaptive management plans (AMPs) that mostly 
exclude N controls or may vaguely add them after up to 20 years of delay.  Yet, peer-reviewed 
science has shown that N is equally or more important to limit than P to protect Montana waters. 
Nutrient trading and accountability are also vaguely described.  AMPs grant long-term variances to 
major nutrient polluters as a matter of course, and “nonsignificant exemptions” allow numerous 
point sources to maintain or increase, even if a short distance from sensitive receiving reservoirs, 
while avoiding anti-degradation (nondegradation) review.   

 
Clearly, the draft Narrative Translator will fail to protect Montana streams and rivers from 

serious degradation due to nutrient pollution during the summer season—and it will do nothing to 
protect even those waters from nutrient-related degradation through most of each year.  The draft 
Translator reactively emphasizes response variables (Suplee et al. 2024, p.7) and sets them at 
inflated levels that will allow substantial loss of beneficial, pollution-sensitive aquatic life due to 
nutrient pollution.  After the damage is found, it may take decades for the waters  to recover—and 
the draft Narrative Translator sets the bar for water quality so low that Montana waters will never 
actually recover to anything like the quality they now have.   

 
II. The Narrative Standard has failed to protect Montana waters from degradation due to 

nutrient pollution 
 
Montana’s 1970 narrative standard failed to protect or improve many Montana surface 

waters known to be impacted by N and P contamination.  MDEQ (2021a) identified nutrient-related 
impair-ment of 18% of the state’s perennial streams and rivers (categories N and P) in the state, 
and 28% of its reservoirs and lakes (categories: N, P, ammonia, and algae). Numerous harmful algal 
blooms are reported each year in Montana streams, rivers, and downstream reservoirs.  As 
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examples, harmful cyanobacteria blooms have affected some Montana reservoirs in summer/early 
fall seasons since the 1970s (e.g., NorthWestern Energy 2020).  While these are increasing (below), 
there are few reports  of progress in minimizing these blooms.  Instead, surface waters such as the 
Gallatin River continue  to be newly added to the state’s 303(d) list of impaired waters due to 
massive  noxious algal blooms (Davin 2023, MDEQ 2021a).  As EPA (2022, p.2) noted,  

 
The state’s permitting record over the past two years demonstrates 
that the implementation of the narrative criteria alone does not protect 
the designated use, as required by 40 C.F.R § 122.44(d)(1). 

 
High-biomass, sometimes-toxic harmful algal blooms supported by nutrient pollution 

increasingly affect various surface waters across the state as starkly abnormal conditions become a 
“new normal” in various streams and rivers (e.g., Figures 1 and 2).  The Montana Department of 
Public Health and Human Services (DPHHS) created a website in 2022 to provide information about 
citizen reports of algal blooms, mostly from popular recreation areas. Of 60 algal blooms reported 
in summer/early fall (through mid-October) 2023, 50 (83%) consisted of harmful cyanobacteria. 
The majority came from the Canyon Ferry-Hauser-Holter reservoir system, but other affected 
reservoirs (artificial lakes) were reported by citizens to include Delmoe, Clark Canyon, Elmo, 
Ackley, Nevada, Yellow Water, Cooney, Nilan, Hebgen, Hyalite, and Beaver Creek.  Citizens also 
reported noxious green algae from Smith River and Big Hole River.  This incomplete list from 
citizens’ observations demonstrates that harmful algal blooms fueled by nutrient pollution are well-
established on the Montana landscape. Blooms are expected to continue to increase in frequency 
and extent with the warming climatic conditions already affecting Montana (Pederson et al. 2010, 
Isaak et al. 2017), along with N and P pollution that will, without doubt, continue to increase under 
the draft Translator of the narrative standard.   

 
III. Montana seeks to eliminate its numeric N and P nutrient criteria without scientific basis  
 

MDEQ (Suplee et al. 2024, p.8) misleadingly asserts that the draft Narrative Translator, 
resulting from reversion back to narrative nutrient standards, is based on decades of scientific 
research.  In correction, ~50-60 years ago, P was considered the major or primary nutrient limiting 
algal and plant biomass (also referred to as primary production) in freshwaters (Vollenweider 
1968, Vallentyne 1974).  However, as MDEQ has published (e.g., Suplee et al. 2008, 2012), scientific 
understanding of freshwaters has advanced in the past 50+ years (Burkholder and Glibert 2024).  It 
is now widely accepted that in waters increasingly affected by nutrient pollution, co-management 
of both P and N is needed to minimize eutrophication and improve degraded waters toward 
recovery (U.S. EPA 2015b) (Figure 3). As stated by MDEQ (Suplee and Watson 2013, p.2-5): 

 
The scientific literature has many examples of studies and analyses showing 
that N, or P, or commonly both stimulate algal production in surface waters 
(Francoeur 2001, Smith et al. 1999, Tank and Dodds 2003, Elser et al. 1990, 

Figure 3.  U.S. EPA Fact Sheet title - this fact sheet explains the scientific support for the 
need to control both N and P to combat eutrophication effectively. From U.S. EPA (2015b). 



   6 
 

Elser et al. 2007). Co-limitation appears to be especially common in 
flowing waters [emphasis added] , where nutrient-addition experiments 
show that added N and P result in much greater response of algal growth 
than does N- or P-addition alone (Elser et al. 2007). Regional work using 
nutrient diffusing substrates (N, P, and N+P) supports these findings 
(Mebane et al. 2009). Mebane et al.’s experiments were carried out in inter-
montane wadeable streams of Idaho which are comparable to Montana’s 
western streams....Based on the growth of algae on the nutrient diffusers 
that developed over 21 days, N and P co-limitation was indicated in three 
streams, N limitation was shown in two streams, and P limitation was found 
in one stream; one stream with highly elevated ambient nutrients showed 
no limitation (Mebane et al. 2009)....in most of the streams the greatest algal 
biomass developed on the N+P diffusers (Mebane et al. 2009). 

 
The U.S. EPA (2015b) explained several major scientific reasons for the need to co-manage        

N  and P in eutrophying waters, supported by numerous science papers and reports:  

 Control of algal/plant growth by both P and N is common in various aquatic ecosystems, 
especially with increasing nutrient contamination over time (Elser et al. 2007).  The draft 
Narrative Translator (MDEQ 2024a, p.23; also see Suplee et al. 2019) recommended use of 
nutrient-diffusing substrates (e.g., Fairchild et al. 1985, Pringle 1987, Corkum 1996, Capps et   
al. 2011) to assess whether either N, P, or N+P limit (control) algal growth in a given water-
body, thus acknowledging that both nutrients can be important. 
 

 Improvement of nutrient-degraded waters requires decreasing N and P supplies back down to 
levels that would limit the naturally occurring algal/plant communities, at a healthy N:P ratio. 
The draft Narrative Translator does not address the need to re-establish healthy N:P ratios.  It 
emphasizes N and P supplies (concentrations, loads) but only cursorily mentions (p.23) this 
other major way that nutrient pollution adversely affects surface waters—that is, through shifts 
in the balance or ratio of the N and P supplies (Burkholder and Glibert 2024, and references 
therein). Surface waters affected by nutrient pollution commonly have both problems: The N 
and P supplies are extremely high in comparison to natural background (reference or 
minimally impacted) conditions, and the N:P ratio is skewed so that aquatic communities are 
pushed into what is referred to as stoichiometric imbalance.  Thus, success in efforts to control 
noxious algal/plant growth in nutrient over-enriched waters requires decreasing both N and P 
pollution so as to re-establish minimally impacted conditions for both N and P supplies and a 
restored N:P supply ratio. 

Stoichiometric imbalance is worse than simply eutrophic (nutrient-rich).  It is defined as a 
forced trophic state in a waterbody that develops when the supply of one nutrient is altered 
either due to enrichment from human activities or management-related nutrient control 
(Glibert et al. 2011, Burkholder and Glibert 2024). Sewage treatment that targets P removal 
without N removal, as the draft Narrative Translator recommends for most Montana municipal 
sewage point sources, leads to major stoichiometric imbalance that typically selects for 
noxious algal overgrowth (Glibert et al. 2011 and references therein).  The high nutrient 
supplies and the proportion or supply ratio of N to P in combination push aquatic communities 
out of balance to an unhealthy state. As a result, the aquatic communities are less stable, 
species diversity is depressed, and the food quality at the base of the food web is much 
poorer—the community commonly shifts to dominance of undesirable primary producers that 
are not very nutritional to beneficial aquatic herbivores or are unpalatable for other reasons.   
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 As waters become increasingly affected by nutrient pollution, highest production of harmful algae 
is generally achieved when both N+P are excessive (Elser et al. 2007, Jankowiak et al. 2019, 
Liang et al. 2020, Zhou et al. 2022a; and see Mebane et al. 2009, p.5 of these comments).  Many 
Montana sewage treatment plants (with secondary treatment; see Section VI.A) discharge 
effluent rich in both nutrients in comparison to natural background (MDEQ 2018). There tend 
to be strong positive synergistic effects of combined N+P enrichment.  Because N and P 
supplies are closely balanced, single enrichments (that is, of N but not P, or of P but not N) 
rapidly promote limitation by the alternative nutrient.  Thus, assessment of the nutrient status 
of high-elevation oligotrophic streams in the West Fork of the Gallatin River in the northern 
Rocky Mountains revealed that uptake of N was strongly enhanced in the presence of P, and 
vice versa (Piper et al. 2017).  The same is true of single-nutrient controls:  Emphasis on P but 
not N control in sewage effluent, or of N but not P control, rapidly drives the receiving waters 
into stimulation by the uncontrolled nutrient (Glibert et al. 2011 and references therein). N 
and P together describe algal biomass estimates better than either nutrient alone (Smith 1982, 
Prairie et al. 1989); “more P means more chlorophyll per unit N, and vice versa” (Dodds and 
Smith 2016, p.156).  
 
Although healthy conditions in streams and rivers require maintaining or re-establishing  
minimally impacted N and P concentrations and N:P ratios, single-nutrient control can be  
helpful in oligotrophic to mesotrophic waters (e.g., Schindler 1977), if the control targets the 
limiting nutrient. The draft Narrative Translator’s emphasis on P rather than N seems a poor 
choice.  Various Montana wadeable streams, medium rivers, and downstream waters 
historically have been N-limited or N+P co-limited (U.S. EPA 2000c,d; U.S. EPA 2001a,b; Suplee 
and Watson 2013; Suplee et al. 2024). Valett et al. (2023) described the benthic filamentous 
algal community of the upper Clark Fork River as apparently transitioning from P limitation to 
N limitation.  Schulte and Craine (2023) reported that across Montana, TN was more strongly 
correlated with macroinvertebrate response metrics than TP, benthic chlorophyll a (chla), or 
benthic algal ash-free dry weight (AFDW).  Thus, TN—not TP—was used as the explanatory 
variable in models used to assess macroinvertebrate thresholds.  These findings again 
underscore the importance of controlling N as well as P to maintain and restore designated  
uses by minimizing harmful algal blooms and other adverse impacts. 

  
 Control of only P with N control to be added, or not, only at some vague distant time, is not 

enough to decrease harmful algae and plants - For example, many harmful cyanobacteria (blue-
green algae) not only thrive but also become more toxic when N is disproportionately available 
relative to P (U.S. EPA 2015b and references therein)—that is, when the N:P balance is skewed 
(e.g., Chislock et al. 2014, Gobler et al. 2016). Although some cyanobacteria are capable of 
“fixing” atmospheric nitrogen (N2 gas) into the form of inorganic N known as ammonia, 
nitrogen fixation is a relatively slow, energy-costly process, generally not used by cyanobac-
terial cells when inorganic forms of N (ammonia, its ionized form ammonium, or nitrate) are 
abundant (Herrero et al. 2004, Dodds and Smith 2016).  Inorganic N concentrations have been 
strongly associated with high cyanotoxin production (Yuan et al. 2014, Gobler et al. 2016).   
 
As a second example, the noxious green macroalga Cladophora thrives on both phosphate and 
ammonia (Lohman and Priscu 1992). Cladophora has been described as apparently N-limited, 
for example, in the Clark Fork River of Montana (Lohman and Priscu 1992); and see Suplee and 
Watson (2013, p.i and p.2-5, included on p.4 of these comments).  Various harmful algae thrive 
in high-N, low-P waters because they are adept at concentrating P from very low levels in the 
water and storing it in their cells (Auer and Canale 1982, Dyhrman 2016).  Cladophora is highly 
efficient in biomass production per unit N or P (Gerloff and Fitzgerald 1976, Auer and Canale 
1982, Lohman and Priscu 1992).  Its cells are able to use much of the stored P for growth when 
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stimulated by elevated inorganic N (Dyhrman 2016, Aubriot 2019, Xiao et al. 2023). Control of 
undesirable algae thus requires strong co-management of N and P to decrease concentrations   

below saturating levels (e.g., Munn et al. 2018).   

A third example is the noxious higher plant, coontail (Ceratophyllum demersum - see Section   
V.C. below), which thrives in eutrophic conditions, can be stimulated by N rather than P (Hough  
et al. 1989), and has high capacity for uptake of both N and P (Dai et al. 2012, Pietro et al. 
2006). 
 

 Both N and P are important to control to minimize downstream impacts - Focus on only one 
nutrient in upstream waters can enhance export of the uncontrolled nutrient downstream,        
at distances ranging from 1-2 miles to 10 miles, 100 miles, or even 1000 miles from the source 
(e.g., Fisher et al. 1992). Nutrient supplies in streams may not trigger an adverse effect until 
some distance downstream under otherwise-more-favorable conditions (e.g., Mallin et al.   
1993, Houser et al. 2010, Houser and Richardson 2010).  Montana has many run-of-river 
impound-ments or reservoirs (artificial lakes), which generally are more sensitive to impair-
ment from nutrient contamination than the streams and rivers influencing them (North 
American Lake Management Society 1992). In addition, some streams and rivers in Montana 
are estimated to contribute 25-50% of their N load to the Gulf of Mexico, exacerbating a major 
dead zone (Dodds 2006a, Alexander et al. 2008, Diaz and Rosenberg 2008). 
 

 Previously MDEQ strongly supported N and P co-management to protect the designated uses of 
streams across Montana from nutrient pollution, based on accepted science - MDEQ (Suplee and 
Watson 2013) wrote,  
 

The Department is recommending both TN and TP criteria for stream protection. 
P control is sometimes promoted as the only approach needed to limit eutrophi-
cation [damage from nutrient pollution]...based largely on the more economical 
removal of P from wastewater....Data pertaining to streams and rivers indicate 
that it would be unwise to adopt only P criteria....A balanced and prudent policy 
would be to reduce both N and P and maintain, as nutrient concentrations occur, 
a roughly balanced (i.e., Redfield) ratio between the two....Co-limitation appears 
to be especially common in flowing waters, where nutrient-addition experiments 
show that added N and P result in much greater response of algal growth than 
does N- or P-addition alone.... 

 
Suplee and Watson (2013) described unintended negative consequences of controlling P  
without simultaneously controlling N.  Importantly as well, the authors pointed out that 
controlling both N and P through numeric nutrient criteria (adopted about a decade earlier)   
had been tested in the Clark Fork River and “appears to be working there”: 
 

There, in river locations where both the N standard and the P standard were 
met...algal biomass has usually been reduced to the standard [i.e., below the 
benthic algal biomass threshold]. Locations in the river where these nutrient 
levels have not been met continue to have elevated alga[l] biomass, and study 
sites give mixed signals regarding nutrient limitation—some suggesting N 
limitation, others P...(Suplee and Watson 2013, p.2-6).  

 
MDEQ (2023) asserted that the narrative criteria and the draft Narrative Translator of the  

narrative criteria are as protective as the previous numeric standards, but the draft Narrative 
Translator provides no evidence in support of that claim.  As the U.S. EPA (2022a-c) noted, MDEQ’s 
permitting record during the previous two years showed that implementation of the narrative 



   9 
 

criteria did not, and will not protect designated uses.  The draft Narrative Translator, with vague, 
time-distant potential for control of N as well as P if necessary, will not strengthen the narrative 
criteria in protecting Montana’s wadeable streams, middle rivers, the large Yellowstone River, or 
downstream waters from major degradation due to both P and N contamination, based upon the 
scientifically supported facts outlined above.   

           The U.S. EPA (2015b, p.3) concluded that:  

Given the dynamic nature of aquatic systems, the need to protect downstream      
waters, and the threat of harmful algal blooms, the weight of the scientific   
evidence support the development of nutrient criteria for both N and P.              

 
IV. The draft Narrative Translator emphasizes response variables with the result that  
      waters will be irreparably damaged before nutrient pollution is addressed 

 
The draft Narrative Translator (pp.15-17) emphasizes response variables with inflated 

thresholds (see Section VIII below) over causal (TN, TP) variables.  If nutrient concentrations are 
high but the response variables are deemed acceptable, MDEQ will interpret the data as no 
impairment due to nutrient pollution.  Rather than using clear, numeric concentrations of TN and    
TP to indicate a present need for action to protect the designated uses of Montana streams and 
rivers, variables known to have considerable lag periods in responding to nutrient pollution (e.g., 
Duarte 1990, Liu et al. 2022) are the main focus. 
 

Three response variables in the draft Narrative Translator are measures of one group of 
primary producers that directly respond to nutrient inputs. Benthic algal abundance is considered  
as chla or AFDW, and as the percent cover by benthic filamentous macroalgae.  The draft Narrative 
Translator omits consideration of 3 of the 4 major groups of primary producers: Missing is any 
response variable for suspended microalgae (e.g., Suplee 2004; see Section V.B of these comments), 
floating filamentous algae, or aquatic vascular plants (macrophytes; see Section V.C).  Two other 
variables are indirectly related to TN and TP supplies, including an index for macroinvertebrate 
community health (see Section VIII.B and Suplee and Sada de Suplee 2011, p.B-9) and the diel (24-
hour or “daily”) change in dissolved oxygen (DO) concentration, referred to by MDEQ as the daily  
DO Δ (see Section VIII.C). 

 
There commonly is a lag period between TP and/or TN loads and supplies versus maximum 

response of primary producers (e.g., Duarte 1990, Bertani et al. 2016, Liu et al. 2022).  Increased 
nutrient supplies may not translate into increased algal/plant biomass, shifts to noxious algal taxa, 
and related symptoms of nutrient pollution indefinitely depending on weather, water residence 
time, light, grazing pressure, and other factors.  A portion of the incoming nutrients is retained in 
bottom sediments, while the rest is taken up by biota, adsorbed to particulates (P and ammonia),    
or moves downstream (Withers and Jarvie 2008, Meals et al. 2010, Venkiteswaran et al. 2019).  
When  a “window of opportunity” arises because conditions become conducive for algal/plant 
growth, the high nutrient supplies being added to the stream water, augmented by sediment 
nutrients re-released into the overlying water, will then cause an algal/plant biomass increase.   

 
The draft Narrative Translator delays re-evaluation of compliance with the narrative standard 

for an entire 3- to 5-year permit duration. During that time, substantial additional stream degrada-
tion from nutrient pollution will be allowed to occur.  The lack of timely response in the draft 
Narrative Translator, allowing for stream and river degradation from nutrient pollution, will be 
exacerbated in assessment of response variables (e.g., macroinvertebrates and community 
metabolism as the average daily diel DO Δ) that are indirectly rather than directly related to  
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nutrient supplies. 
 

Montana’s numeric nutrient criteria for 
wadeable streams and medium rivers used the 
concept of nutrient ecoregions. MDEQ developed 
three ecoregions—Western), Transitional, and 
Eastern—for the state, and generally used the 
90th percentile of designated reference streams 
for TN and TP numeric criteria (Suplee and 
Watson 2013) (Figure 4a).  MDEQ also 
designated three macroinvertebrate zones, 
similar to the three ecoregions (Figure 4b).  
However, only the Western and Transi-tional 
regions designated by MDEQ (or the Mountains 
and Low Valleys & Transitional zones for the 
macroinvertebrate response variable thresholds) 
are assessed in the draft Narrative Translator 
using the above response variables.   

 
Streams and rivers in the Eastern 

ecoregion, with gentler flows, are most 
vulnerable to nutrient pollution impacts (Nilsson 
and Renöfält 2008) because flushing or water 
exchange time is longer than that of faster 
flowing, steeper-gradient Western-Mountains 
/Transitional-Low Valleys & Transitional waters.  
The only response variable in the draft Narrative 
Translator assessed for Eastern region streams is 
diel DO Δ, using a non-protective approach (see 
Section VIII.C of these comments) —and even 
that response variable is not to be assessed 
during drought periods, when streams with low 
flows become most vulnerable to impacts from nutrient pollution (Nilsson and Renöfält 2008, 
Tesoriero et al. 2013, Fournier and Magoulick 2022).  Thus, while nutrient-related degradation in 
the Western and Transitional regions may not be found for years, such degradation in the Eastern 
ecoregion may not be detected at all.   

 
V. Inadequate sampling will prevent reliable assessment of stream condition for  
    nutrient concentrations and primary producers 
 

Inadequate sampling of nutrient concentrations and first responder primary producers (see 
Table 1 of these comments), as required in the draft Narrative Translator, will cause unreliable 
assessment of compliance with the narrative standard because the sparse sampling will make it 
unlikely for MDEQ to detect the occurrence or extent of declining conditions. That fundamental 
problem will defeat what MDEQ describes as the overall goal of the draft Narrative Translator, to 
ensure protection of the designated Recreational and Aquatic Life uses of Montana streams and  
rivers from degradation due to nutrient pollution. 
 
            V.A. Sampling of nutrient concentrations is wholly inadequate 
 

The draft Narrative Translator requires such minimal sampling—only 2 samples over the 

Figure 4. a) MDEQ ecoregions (“ecoregional 
zones”). From MDEQ (2022). b) MDEQ macro-
invertebrate zones, similar to the ecoregions      
except that streams with surface slope > 1%         
are mostly in the Mountains macroinvertebrate    
zone, whereas streams in Western and    
Transitional ecoregions with water slope < 1%       
are mostly in the Low Valleys & Transitional 
macroinvertebrate zone. From the draft        
Narrative Translator. 
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entire 3- to 3.5-month summer period (see Table 1 of these comments)—that the nutrient  
concentration status will not be possible to assess reliably from the sparse data.  As north temperate 
examples, sampling frequency shorter than monthly in streams was needed for reliable characteri- 
zation of nutrient concentrations (nitrate, ammonium, dissolved P, and TP) (Harmeson and 
Barcelona 1981). In a second study, Torres et al. (2022) reported that realistic assessment of 
nutrient concentrations required more than 50 samples per year to achieve a small error (< 10%)  
and a 95% confidence interval.  Monthly sampling was insufficient for reliable characterization 
unless augmented by inclusion of storm events and random sampling. A third study concluded that 
in river segments influenced by sewage effluents, a sampling frequency of weekly or less was 
necessary to assess phosphate and ammonium concentrations accurately (Vilmini et al. 2018). 

Thus, the average monthly concentrations each summer and the long-term average concen-
trations calculated from those inadequate data over 2-5 years will yield unreliable assessments of 
nutrient conditions.  The sparse data will easily miss storms that add nutrients to surface waters. This 
situation is analogous to a doctor attempting to determine whether a patient was sick during the 
summer by taking the patient’s temperature on June 20th and again on August 1st.  The patient had a 
fever on July 1st through 3rd, again on July 8th through 11th, during  the third week of July, over the 

Table 1.  Response variable thresholds, and minimal sampling and other requirements for causal and 
response variables, to assess compliance with the Narrative Nutrient Standards for Montana wadeable 
streams and medium rivers (note:  slope = water surface slope). Modified from the draft Narrative 
Translator, Table 2-4).     
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last week of August, and part of September.  But the doctor, relying upon inadequate data, wrongly 
assesses the patient as having been “healthy throughout”.  Without accurate evaluation, there will be 
little hope of adequate management of point or nonpoint sources and, therefore, low probability for 
water quality protection or improvement.   

 
  V.B. The sampling of first-responder primary producers is wholly inadequate and   
            lacks measurement of critical parameters 

 
Suspended microalgae (sometimes called seston, phytoplankton, or potamoplankton in rivers) 

are often the first responders among primary producers to nutrient pollution entering waterways 
(U.S. EPA 2000a,b), and they are known to form noxious outbreaks or “blooms” in many rivers 
world-wide (Wehr et al. 1998, Heiskary et al. 2013, Hardenbicker et al. 2014, Bruns 2022, and 
references therein). Moreover, suspended microalgae can respond differently to nutrient 
concentrations and ratios in comparison to benthic algae (Xia et al. 2020, Carrick et al. 2023).   
 

Noxious suspended microalgae do affect Montana streams and rivers.  As examples, Suplee 
(2004, p.i) addressed noxious levels of suspended microalgae in an analysis of a group of streams 
and rivers, and Suplee et al. (2012) mentioned suspended microalgal blooms in River Breaks waters 
(see Section XIII.C below).  Yet, there is no mention in the draft Narrative Translator of the need to 
protect Montana streams and rivers from noxious sestonic algal growth. In addition, as mentioned 
above, high-biomass toxic cyanobacteria blooms are common in run-of-river impoundments as an 
important consideration of downstream impacts (see Sections I and II of these comments). 

 
Benthic algae are the only group of primary producers considered in the draft Narrative 

Trans-lator.  Benthic algal abundance as chla and AFDW, and percent bottom area coverage by 
filamentous benthic algae, are response variables applied in the draft Narrative Translator to 
streams and rivers (all sizes) of the Western and Transitional ecoregions (MDEQ 2024a).  AFDW is 
limited in utility because the measurement typically includes organic debris from dead plant, algal, 
fungal, bacterial, and animal remains) as well as living algae (Steinman et al. 2017). Although 
benthic chla is widely used as an indicator of nutrient over-enrichment, this response variable as 
applied by the draft Narrative Translator has three major limitations:   

 
First, benthic chla is unreliable for that use unless frequently sampled (weekly to biweekly 

best; at least monthly) and interpreted within the context of periodic sloughing/senescence, 
grazing, and scouring by high flows (Biggs and Close 1989, Biggs and Kilroy 2000, Taylor et al. 
2012, Wu et al. 2016, Banish 2017, Wyrick 2019).  Yet, the draft Narrative Translator requires 
benthic algal sampling for chla and AFDW only twice per summer (Table 1 of these comments).   

 
The inadequate sampling will easily miss the often-sudden, often-short-lived (days to weeks;  

e.g., Biggs 2000a, p.97) maximal algal/plant response (see examples in Figure 5). Even if a given 
stream periodically sustains harmful algal growth, sampling twice over several months could 
entirely miss such blooms.  Benthic algal biomass on rocks and sediments can rapidly accumulate 
and then be scoured from the system by disturbance, sometimes by even a gentle storm (Biggs 
2000a, Biggs and Kilroy 2000, Steinman and McIntire 1990).  Sampling for biomass should not be 
conducted during a 2- to 4-week recovery period after rain events, as higher flow from even gentle 
rains can scour algae from the system (Biggs and Close 1989, Biggs 2000a, Biggs and Kilroy 2000, 
MDEQ 2011). Abundance is also influenced by dry periods because, if not too severe, dry periods 
allow maximal biomass accrual with minimal washout/scouring by storms (Biggs 2000a, Lake 
2000).  Supporting documents to the draft Translator (e.g., MDEQ 2024b, p.9) refers readers to 
appropriate sampling/analytical guidance (e.g., MDEQ 2011, 2021b, Suplee et al. 2024) but does not 
mention training workshops (e.g., of point source dischargers), important because benthic algae   
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are difficult to sample well in comparison to suspended microalgae.     
 

Second, the draft Narrative Translator’s restricted “growing season” (Suplee and Sada de 
Suplee 2011) can miss maximal benthic algal biomass.  MDEQ (Suplee and Watson 2013, p.2-2) 
wrote,  
                   We recommend that…nutrient criteria for wadeable streams and rivers apply  

                    seasonally, during that period when alga[l] growth is peak [emphasis added]... 
 
The draft Narrative Translator defines the index period or growing season, when sampling for 
benthic algae is required, as extending from July (or mid-June, for the Northwestern Glaciated 
Plains) through September in wadeable streams and medium rivers, and from August through 
October in large rivers.  A 10- to 14-day expansion may be allowed depending on flow and 
temperature conditions (MDEQ 2024b). Regardless, the allowed period for sampling causal and 
response variables will miss the maxima in noxious algal growth depending on the stream and 
weather conditions.   
 

For example, various Montana wadeable streams and medium rivers affected by nutrient 
pollution sustain high abundance of the filamentous macroalga Cladophora (Flynn and Suplee  
2013).  It begins growth in a benthic habit but, as filament length/weight increase, large clumps are 
commonly dislodged and become floating “drift”.  Seasonal progression of Cladophora growth and 
the timing of maximal biomass can be “highly variable” (Suplee et al. 2009, p.124), with maxima in 
north temperate streams and rivers occurring in early to late spring, summer, or early to late fall 
(e.g., Moore 1977), likely depending on the environmental conditions and the population or strain.   

 
As noted by Banish (2017), Cladophora biomass “clearly accrues during this [spring] window 

of high flow and cold temperatures, despite shear force generated by increased stream power  
during [the] annual snowmelt pulse....” Dodds’ (1991) review described maximal Cladophora 
growth at temperatures ranging from 13oC (55oF) to 17oC (63oF), with an upper limit of 24oC 
(75oF).  Whitton (1970) reported rapid growth at 15-25oC, with limits of detectable growth at 6oC 
and 30oC.  Moderate or “subscouring” flows can inhibit Cladophora growth in nutrient-poor 
streams, but can actually stimulate its growth in nutrient-rich waters (Humphrey and Stevenson 
1992). This information collectively suggests that sampling within the draft Narrative Translator’s 

Figure 5.  Examples of application of the draft Narrative Translator’s benthic chla threshold (150 mg/  
m2) to data from two Montana rivers during a mid-June through September period.  Black dots =    
actual sampling; green arrows indicate a scenario conforming with the draft Narrative Translator with 
only two samples (data averaged), four weeks apart; green dots = the actual data from those samples. 
In each case, the monthly mean from the two samples is much lower and in no way accurately 
approximates the actual mean from biweekly or more frequent sampling (7-10 samples per river site).   
A substantial violation (benthic chla at 215 mg/m2) also would have been missed.  
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defined growing season will potentially miss Cladophora maximal biomass.  Underestimated 
Cladophora growth would then be used to support effluent nutrient limits that were too high to 
protect the stream from further degradation due to nutrient pollution. 

 
Third, the draft Narrative Translator requires a “percent filamentous macroalgal coverage”  

response variable to be assessed monthly during the defined growing season, but considers only  
filamentous algae attached to and covering the stream bottom.  This approach is unrealistic because, 
as mentioned above, filamentous algae commonly detach and float as “drift” in quieter stream 
reaches (e.g., Banish 2017). The abundance of filamentous algae will be substantially underesti-
mated by ignoring drift. Moreover, filamentous macroalgae such as Cladophora can rapidly increase 
over a few days to 1-2 weeks (Lohman and Priscu 1992, Higgins et al. 2008). In stream reaches with 
abundant filamentous macroalgae, monthly sampling for percent cover can easily miss maximal 
Cladophora abundance.  
 

V.C. Aquatic vegetation is another “missing parameter” that is essential to measure         
         but is not considered in the draft Narrative Translator 
 
Aquatic plants (macrophytes, vascular plants) are important to consider in determining 

whether there has been a response to nutrient pollution. Submersed aquatic vegetation (SAV) are 
excellent long-term integrators (days to weeks) of nutrient availability or change in the nutrient 
regime (Gerloff and Krombholtz 1966, Sosiak 2002).  Where they are dominant or abundant primary 
producers, logically they are important (and can be the most important) first responders to nutrient 
pollution in streams and rivers (e.g., Caraco and Cole 2002, Riis et al. 2019).  Accordingly, macro-
phyte density is a potentially important endpoint in assessment of nutrient pollution response 
variables (e.g., Bierman et al. 2013).  

 
 Many studies have shown that streams and rivers affected by partially treated sewage or 

animal wastes are vulnerable to macrophyte proliferation (e.g., Madsen and Adams 1988, Chambers 
and Prepas 1994, Gücker et al. 2006, Stevenson et al. 2012, Taube et al. 2016).  Abundant submersed 
macrophytes are a common occurrence in various Montana streams and rivers affected by nutrient 
over-enrichment.  As Montana examples, Gammons et al. (2011) and Nagisetty et al. (2019) 
described a high nutrient load from the Butte, MT sewage treatment plant that caused a several-
kilometers reach to develop dense growth of aquatic macrophytes as well as algae.   

 
Suplee and Sada de Suplee (2011, p.C-1) described Montana plains streams as having: 
 
substantial macrophyte populations. It is not uncommon…to see macrophytes 
intermixed with filamentous algae and floating masses of green algae; these  
conditions are even occasionally observed in plains streams minimally impacted 
by people (i.e., plains reference streams)….   
 

Aquatic plants were considered elsewhere in the same document.  For example, under the bolded  
heading, “Algal and Macrophyte Indicators of Nutrient Enrichment in Wadeable Plains Streams”, 
MDEQ (Suplee and Sada de Suplee 2011, pp. 5-3 to 5-4) instructed that “Throughout the plains 
region, attention should be paid to the…macrophyte species present.”  They described native 
northern watermilfoil (variously known as Myriophyllum exalbescens or M. sibiricum – DiTomaso  
and Healy 2003) as “extremely common” throughout the Northwestern Glaciated Plains and North-
western Great Plains ecoregions—except that in stream sites with “high nutrient enrichment", this 
macrophyte was almost completely replaced by coontail (Ceratophyllum demersum).  Coontail is a 
native plant that can aggressively increase under nutrient pollution.  Coontail was described by 
Suplee and Sada de Suplee (2011, p.5-4) as a “strong indicator of nutrient over-enrichment”.   They 
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instructed that “panoramic photos” should be taken to document massive overgrowth of coontail, 
indicating its importance in affected Montana streams and rivers.  

 
Various abundant invasive aquatic plant species in Montana streams, rivers, and reservoirs 

(Montana Department of Agriculture 2001, Turnage et al. 2012, Mt.gov 2024a) are also known to 
thrive in nutrient pollution.  As examples, Eurasian watermilfoil (Myriophyllum spicatum) prefers P-
rich waters (Smith and Barko 1990). Curly leaf pondweed (Potamogeton crispus) withstands 
variable light regimes and is “often an indicator of eutrophic conditions...with high levels of 
nitrogen, phosphorus, and organic material” (Parkinson et al. 2016, p.5). This species can be 
strongly stimulated by phosphate and nitrate pollution (Parkinson et al. 2016, Dai et al. 2022, 
Skovsholt et al. 2023). It has been suggested that P enrichment may help P. crispus withstand 
adverse effects of elevated temperatures (Dai et al. 2022) that increasingly characterize many 
streams under climate warming.  These exotic/invasive species are highly effective competitors in 
nutrient-polluted waters in comparison to native species (Engelhardt 2011, Skovsholt et al. 2023 
and references therein). Their proliferation can promote anoxia, undesirable changes in pH, and 
other changes causing habitat degradation for beneficial aquatic life and loss of biodiversity 
(Spencer and Bowes 1993).   

 
Where macrophytes are abundant in shallow waters, they can outcompete algae for nutrients 

and light so that algal abundance is depressed (Liu et al. 2024 and references therein). Yet, aquatic 
plants are excluded from consideration in the draft Narrative Translator.  In streams and rivers 
characterized by abundant SAV, focus on only benthic micro- and macro- (filamentous) algae will  
fail to provide a realistic assessment of system response to nutrient pollution.   
 
VI. Excessive threshold TN and TP concentrations will allow Montana rivers and streams 

to “degrade up” 
 

  VI.A. Reference conditions versus sewage effluent after secondary treatment  
 

Natural (background) concentrations of TN and TP in Montana streams and rivers were 
described in an extensive study by Smith et al. (2003) (Figure 6).  Nearly all headwaters in the state 
had 150 to 300 micrograms (µg) of TN/L; in the Northwestern Glacial Plains the headwaters 
exceeded 300 µg TN/L but were below 700 µg TN/L.  The pattern for TP differed somewhat:  the 
western ~half of the state had headwater streams with 0 to 30 µg TP/L, whereas most headwaters 
in the eastern half had 60 to 80 µg TP/L.  Rivers of the Western region ranged from low (0 to 30 µg 
TN/L) to moderate (> 75 to 150 µg/L).  Many rivers of the Eastern region had only 30 µg TN/L or 
less; some had moderate TN at > 30 to 150 µg/L, and a few had > 150 µg/L. Most rivers statewide 
had TP ranging from 0 to 10 µg/L.  In the Western region, rivers with 10 to 30 µg/L were also 
common, whereas the Eastern region was more variable with most rivers having 60 µg/L or less 
(Figure 6).  The U.S. EPA (2000c,d; 2001a,b) reported that, by the 1990s, streams and rivers 
minimally impacted by nutrient pollution (25th percentile of all streams data, all seasons) ranged 
from ~90 to 610 µg TN/L and ~5 to 40 µg TP/L depending on the ecoregion (Table 2).    

 
Natural concentrations of bioavailable N and P forms have been reported at 5-6 µg NO3-N/L,      

2-5 µg soluble reactive P/L (Flynn and Suplee 2013, p.139-9; Suplee et al. 2015, p.454—including 
medians of 1st through 4th order reference streams in the Middle Rockies and Northwestern Great 
Plains), and < 5 µg tNH3/L (as estimated from Rocky Mountains streams; e.g., Day and Hall 2017).  
These low values are characteristic of oligotrophic (nutrient-poor), pristine reference conditions 
(Dodds and Smith 2016). 
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By comparison, 
wastewater discharges 
contain enormous N and P 
concentrations. Most major 
point sources (discharging 
> 1 million gallons of 
partially treated sewage 
effluent per day, or mgd) in 
Montana use secondary 
treatment (MDEQ 2018). 
At least 80% of the TP and 
at least 70% of the TN in 
the partially treated 
effluent  is highly bioavail-
able to algae and plants as 
phosphate and inorganic N 
(mostly nitrate and tNH3, 
ammonia + ammonium) 
(Young et al. 1982, Ekholm 
and Krogerus 2003, Millier 
and Hooda 2011, Li et al. 
2017, Venkiteswaran et al. 
2019).  Effluent after 
secondary treat-ment 
commonly contains 5,000 
to 20,000 (35,000) µg 
TN/L (5 to 35 milligrams or mg/L), including up to ~10,000 µg/L ammonia and 1,000 to 4,000 µg 
TP/L or more, the latter mostly in the form of highly bioavailable phosphate (U.S. EPA 2009, MDEQ 
2016, Li et al. 2017, Zhou et al. 2022b).  
 

The very high concentrations of N and P remaining in effluent following secondary treatment 
leads to common description of secondary treatment as partial treatment.  The remaining 
concentrations are 10- to 100-fold higher than needed to cause eutrophic conditions and noxious 
algal blooms (Wetzel 2001 - p.283, Dodds 2006b, Dodds and Smith 2016).  At high concentrations, 
ammonia can be toxic to aquatic life.  Ammonia levels such as these can kill sensitive aquatic life 
even in cold seasons (U.S. EPA 2013; also see Emerson et al. 1975, Camargo and Alonso 2006). 
Much less total ammonia (tNH3 as un-ionized ammonia, NH3 + ionized ammonia or ammonium, 
NH4+)—only 260 µg/L or more at pH 8 and > 25oC, summer conditions—can kill sensitive aquatic 
life (U.S. EPA 2013).  Ammonia, as well as substantial organic forms of N in partially treated sewage, 
can be oxygen-demanding, contributing to oxygen deficits in receiving streams and rivers (Mallin et 
al. 2006, Mallin 2023).  The organic N can also include some bioavailable forms that stimulate algal 
and bacterial growth (Urun-Demirtas et al. 2008, Simsek et al. 2013). 
 

Thus, partially treated sewage effluent is considered a potent source of nutrient pollution 
because it contains high amounts of bioavailable N and P (Withers and Jarvie 2008, Glibert et al.  
2016).  As Jarvie et al. (2006, p.252) noted, “point sources [of nutrients] provide a greater risk for  
river eutrophication than diffuse sources from agricultural land, even for rural areas with high 
nutrient agricultural losses”.  
 
 

Figure 6.  Natural (background) concentrations of TN and TP in 
Montana streams and rivers. Modified from Smith et al. (2003). 
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a
 The U.S. EPA (2000a) recommended use of the 25th percentile of all streams-all seasons data for 
protective numeric TN and TP criteria, conditions minimally impacted by nutrient pollution (similar to, 
but higher than, natural background or the 75th percentile of reference conditions). Ranges for EPA 
values represent the 25th percentile concentrations for all sub-ecoregions within the pertinent 
aggregate ecoregion (II, III, IV, or V) and level III ecoregion.   

b
 MDEQ’s TP (Aggregate Ecoregion II – level III ecoregion 15) and TN (Aggregate Ecoregion II - 
Western and Transitional ecoregions) thresholds were chosen from a study of pre-/post timber 
harvest; the.TN value of 640 µg/L was the post-harvest water year averaged TN concentration 
(calculated) “coupled with no observed detrimental effects on stream macroinvertebrates” (MDEQ 
2024a, endnote 6 – but see text of these comments).  Abbreviations are as follows:  Idaho Bath. = 
Idaho Batholith; Transitional V-42:  l - Sweetgrass Upland, n - Milk River Pothole Upland, q - Rocky 
Mountain Front Foothill Potholes, r - Foothill Grassland; Transitional IV-43:  o - Unglaciated Montana 
High Plains, s - Non-calcareous Foothill Grassland, t - Shields-Smith Valleys, u - Limy Foothill 
Grassland, v - Pryor-Bighorn Foothills.  

c
 MDEQ’s TP thresholds (Aggregate Ecoregion II – level III ecoregions 16, 17, 41) are saturating P 
concentrations for benthic algal growth as reported by Dodds et al. (2006; that work was not 
restricted to Montana or similar ecoregions but, rather, included more than 200 temperate streams 
and rivers across North America and New Zealand). MDEQ’s chosen thresholds are 4- to 12-fold 
higher than EPA’s recommendations for protective concentrations.  

d
 MDEQ’s TP threshold (Aggregate Ecoregion II – level III ecoregion/sub-ecoregion 17i, Absaroka-
Gallatin Volcanic Mountains) was described as having been based on the 90th percentile fo reference 
stream concentrations for 17i. Further information is not provided or referenced; MDEQ asserts 
without evidence that “aquatic life is adapted to naturally higher TP concentrations” there. MDEQ 
(2024a,b) also provides no explanation for the TN threshold chosen for 17i. 

 
 e

 MDEQ describes this TP threshold (Aggregate Ecoregion V – level III ecoregion 42, sub-ecoregions 
l,n,q,r) as based on the origin of the streams in.the Canadian Rockies, and asserts that its threshold, 
~5-fold higher than,EPA’s recommendation, is at the,90th percentile of natural background for these 
sub-ecoregions —but see Section VII below.  

Table 2. Aggregate nutrient ecoregions, level III nutrient ecoregions and level IV ecoregions (sub-
ecoregions), showing TP and TN concentrations recommended by the U.S. EPA (all streams, all 
seasons data; 25th percentile means for all streams, all year) to protect designated uses of rivers 
and streams, versus the draft Narrative Translator’s selected concentrations, to be applied from 
July 1 to September 30 (except June 16 to September 30 for the Eastern Region – Northwestern 
Glaciated Plains).a  
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Sewage sources cause multiple major impacts on stream and river ecosystems (Hamdhani et   

al. 2020), not only in the water column but also in bottom sediments which become a nutrient-rich  
repository (House and Denison 1998, Haggard et al. 2001, Venkiteswaran et al. 2019).  Risk of 
increased impacts from N- and P-laden sewage on segments farther downstream can be greater as 
well (Chesterikoff et al. 1992, Withers and Jarvie 2008. Venkiteswaran et al. 2019).  For example, 
large dissolved phosphate loads from partially treated sewage can saturate algal assemblages and 
depress nutrient retention efficiency, in comparison to streams of similar size with lower 
phosphate inputs (Marti et al. 2004). Surface waters receiving nutrient inputs from point sources, 
including downstream waters, are considered to need strengthened protection from nutrient 
pollution because of their enhanced vulnerability to high inputs of bioavailable nutrient forms 
(Jarvie et al. 2006, Bowes et al. 2010, Neal et al. 2010, Venkiteswaran et al. 2019). 
 

  VI.B. The draft Narrative Translator uses inflated TN and TP thresholds 
 

MDEQ (e.g., Suplee et al. 2007) has described its general approach as having followed U.S. EPA  
(2000a) guidance.  The U.S. EPA (2000a) grouped streams draining watersheds similar in geology, 
soils, and climatic conditions into nutrient ecoregions. Within each sub-ecoregion, EPA recom-
mended numeric nutrient criteria taken from the 75th percentile of reference (pristine) streams 
year-round in the sub-ecoregion that were unaffected by nutrient pollution.  If such streams no 
longer could be found, EPA recommended use of the 25th percentile of all-streams data year-round 
for threshold or target numeric values that would protect against degradation due to nutrient 
pollution. The TP and TN values from the 25th percentile of all-streams data were described by EPA 
as roughly similar to those from the 75th percentile of reference streams, based on two case studies 
of lakes and one on streams and rivers. In the lakes studies, there was a close match between the 
25th percentile of all streams data and the 75th percentile of reference data in all considered 
ecoregions.  In the streams study, however, the data did not match well in 1 of 4 ecoregions 
considered.  Suplee et al. (2007) reported that, based on five case studies of streams in EPA 
ecoregions that included Montana, the average match was to the 86th percentile of reference 
streams data. For streams in Montana, the match was highly variable between ecoregions as well: 
nutrients at the 75th percentile of reference corresponded to percentiles ranging from the 4th to the  
97th percentile of the general population.   
 

However, in the draft Narrative Translator, MDEQ mostly chooses much higher TN and TP 
thresholds than the numeric criteria of MDEQ (2014) that had emphasized the 75th and 90th 

f
 MDEQ chose this TP threshold (Aggregate Ecoregion IV – level III ecoregion/sub-ecoregions 43 o,s,t,u,v), 
25% higher than EPA’s recommendation, because it is the maximum (“upper concentrations”) found in one 
reference stream (Elk Creek) among all of these areas. That reference stream is aberrant (see text below).  

g
 MDEQ chose these excessive TP thresholds for all Plains wadeable streams and medium rivers “per 
Heiskary et al. (2010, updated as Heiskary et al. 2013)”.  That report describes river ecoregion criteria for 
Minnesota’s highly nutrient-contaminated Corn Belt (south river nutrient ecoregion, < 150 µg TP/L criterion).  
Readers were referred to Suplee and Watson (2013), who had cited Heiskary et al. (2010) among other, 
more relevant references pertinent to the Northwestern Glaciated Plains. Suplee and Watson (2013) had 
previously recommended a threshold (numeric criterion)  of 110 µg TP/L there.   

h
 MDEQ asserts that the excessive TN threshold of 1300 µg/L (1.3 mg/L) for all Plains ecoregions is “based 
on protection of regional DO standards for aquatic life”, from a median dataset in Suplee and Watson (2013, 
p.3-18, based on diatoms in one river - Suplee et al. 2008) —but see Section VII of these comments for 
information about MDEQ’s sometimes-questionable reference conditions.  

i
 The River Breaks (MDEQ Plains Ecoregion, Northern Great Plains sub-ecoregion 43c) was assigned no 
quantitative TN or TP concentrations by MDEQ (2024a, Table 2-3)—only “Narrative Nutrient Standards 
Apply”. The draft Narrative Translator thus provides no protection for River Breaks streams and rivers (see 
comments text). There is no further mention of River Breaks waters in the draft Translator. 
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percentiles of reference stream data.  The TN and TP thresholds are substantially higher than 
MDEQ’s (2014) numeric TN and TP criteria, except that the TN and TP values were maintained for 
parts of the Northwestern Glaciated Plains and Wyoming Basin, and for TN in the Northwestern 
Great Plains (see Section VII.A below for explanation of questionable 90th percentile information). 
Also as explained below, the inflated thresholds were taken from various sources of stressor-
response information that was poorly applicable, not protective, and often not explained (Table 2 
and Section VII.A; and Suplee and Watson 2013). As examples: 

 
 Algae require N and P for growth and survival. Under nutrient-limiting conditions, the amount 

or supply of the nutrient controls algal growth—algae respond to more of the nutrient by 
producing more biomass.  As the nutrient supply continues to increase, nutrient limitation 
gives way to surplus nutrient conditions.  Rather than being nutrient-limited, algae become 
nutrient-saturated, meaning that the nutrient supply is so high that there is a surplus which the 
algae cannot use. Thus, when nutrient-saturated, algae cannot continue to increase in response 
to more nutrient supply. This information is important to stream and river managers because 
algal biomass can be controlled if nutrient concentrations are maintained well below 
saturation (Suplee et al. 2012).  MDEQ acknowledged this fact.  Yet, for some Montana streams 
and rivers, the Narrative Translator MDEQ incorrectly designated TN and TP concentrations 
above saturation as acceptable. 
 
The draft Narrative Translator’s TP threshold of 60 µg TP/L for Aggregate Ecoregion II - Level 
III ecoregions 16, 17 except 17 sub-ecoregion i, and 41 was described as having been “based on 
maintaining TP concentration below saturation (per Dodds et al. 2006)...” (MDEQ 2024a, Table 
2-3, footnote b).  Dodds et al. (2006, erratum correcting Dodds et al. 2002 where most of the 
work was described) analyzed benthic chla-TP relationships by  two statistical methods that 
revealed significant breakpoints.  These breakpoints were inferred to indicate saturation 
(Dodds et al. 2002), that is, evidence for a saturation effect of P on periphyton biomass accrual.  
The breakpoint saturating P conditions from the two methods were 27 or 62 µg TP/L for 
maximum benthic chla.  Thus,  the draft Narrative Translator’s inflated TP threshold was much 
higher than the saturation breakpoint from one of the statistical methods used by Dodds et al. 
(2006), and virtually identical to the saturation breakpoint from the second statistical method.  
The oligotrophic reference streams of Aggregate Ecoregion II are characterized by very low 
background TP concentrations (e.g., Stednick 1989, Kaushal et al. 2006, Sanderson et al. 2009, 
Lewis et al. 2010).  The draft Translator’s excessive threshold concentrations, well above P 
saturation, should not be used sensu Suplee et al. (2012, p.1008) who wrote, 

 
We document that nutrient reductions in rivers can be successful in  
controlling algal biomass, but require achievement of concentrations below  
saturation and likely close to natural background. 

Also pertinent to nutrient thresholds at saturating conditions, Suplee et al. (2016, p.5-7) 
reported that “fairly saturated” conditions for N (~120 μg NO3-N/L), experimentally imposed 
in a reference stream in southeastern Montana, caused harm to the stream ecosystem.  The 
draft Narrative Translator (p.30) states that it is important to reduce nutrient concentrations 
below algal growth saturation concentrations, but does not consider that point in setting 
nutrient thresholds as explained above.   

 
 MDEQ’s TP threshold for Aggregate Ecoregion IV - level III ecoregions 43 sub-ecoregions o, s, t, 

u, and v is based on “upper concentrations” from one MDEQ reference stream, Elk Creek (draft 
Narrative Translator, Table 2-3, footnote e; Suplee et al. 2005; Suplee and Watson 2013: in sub-
ecoregion 43u). Suplee and Watson (2012, p.3-34) described the Elk Creek reference site to be 
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of specific interest, naturally elevated in TP (mean 31 µg/L in the summer season) concomitant 
with high average benthic algal chla (170 mg/m2).  They acknowledged that “the data do not 
suggest that elevated nutrients are a common factor across that sub-ecoregion”.  In fact, the 
median TP concentration for streams and rivers in ecoregion 43 was only 10 µg/L.  
Nevertheless, in non-protective action MDEQ applied the “high end” of the aberrantly high TP 
concentrations from this reference site to the entire level III ecoregion. 
 
 MDEQ’s TP threshold for all Plains streams and middle rivers of Montana is inappropriately 

based on river ecoregion criteria for the highly nutrient-contaminated Western Corn Belt  
(south river nutrient ecoregion) of Minnesota (150 µg TP/L; Heiskary et al. 2013).   
 

MDEQ (Suplee et al. 2024, p.12) stipulates that nutrient samples should be taken during the 
summer season and “should generally be collected during dry weather periods in order to 
represent steady state conditions....”  That approach excludes data collection in spring when 
maximal snowmelt and stormwater runoff generally occur along with substantial nonpoint nutrient 
pollution (Sigler et al. 2018).  Over time, there has been a shift toward earlier snowmelt and an 
earlier peak in spring runoff in mountainous areas of Montana, and this trend is expected to 
continue as temperatures increase with climate change (Cross et al. 2017). Thus, TN and TP 
concentrations characteristic of rivers or streams will be substantially underestimated.  Earlier 
high-precipitation/runoff events are also expected to stimulate cyanobacteria blooms in 
downstream reservoirs (Larsen et al. 2020).  

 
The draft Narrative Translator (Table 2-3 legend) incorrectly asserts that its TN and TP 

threshold values are “protective of aquatic life and recreational beneficial uses”.  The excessive high 
TN and TP thresholds chosen as acceptable threshold in-stream concentrations by MDEQ (Table 2) 
are exacerbated by the requirement of only two samples expressed as a monthly arithmetic average 
over 3 to 3.5 months (Figure 7).  In addition, the draft Narrative Translator stipulates that if 
sufficient data for response variables are lacking in a stream segment (reach) affected by a major 
point source, in an AMP the permit limit for P will be set using the (excessive) sub-ecoregion TP 
concentration in Table 2 until site-specific data can be collected.  This step delays improved  
protection indefinitely. 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 7.  Example of application of the draft Narrative Translator’s poor requirement of 
TN and TP data—illustrated here from a river affected by partially treated sewage effluent 
in a MDEQ sampling period. The two required samples, separated by at least four weeks, 
are indicated (arrows) as well as the arithmetic average (n = 2), versus the actual average 
over the sampling period (n = 8). The draft Narrative Translator’s arithmetic average per 
month values are much lower than the actual arithmetic average over the sampling period 
based on more frequent sampling because nutrient maxima (peaks) were missed by 
sampling only twice in three months. 
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VII. Across Montana, the draft Narrative Translator assigns TN and TP threshold values  
       well in excess of reference maxima without basis in science  

 
The draft Narrative Translator (Table 2-3) asserts that various selected TN and TP thresholds  

are at or below the 90th percentile of reference streams (mean, 86th percentile; median, 91st 
percentile - Suplee and Watson 2013, p.i).  However, the TN and TP thresholds greatly exceed even 
the 100th percentile of reference across most of Montana, partly because the available data (in 
Suplee and Watson 2013, after application of the Brillouin Evenness Index) indicate that some 
reference sites/samples were clearly compromised by nutrient contamination (Table 3).  In 
addition, the status of some MDEQ reference streams over time is questionable. 

 
    VII.A. The draft Narrative Translator relies on conflicting information, and on some 
                 reference sites that are compromised by nutrient contamination 

 
The draft Narrative Translator relies upon information from Suplee and Watson (2013), yet 

conflicts with that report for some ecoregions.  For example, consider MDEQ’s previous writing 
about the Northwestern Glaciated Plains sub-ecoregions 42q and 42r.  Suplee and Watson (2013, 
p.3-22) described streams in those sub-ecoregions as strongly mountain-influenced and having  
much in common with mountain streams; they are coldwater systems expected to support 
salmonid fisheries, with similar algal flora as mountain streams.  Suplee and Watson (2013) 
asserted that natural levels of TN and TP in the two sub-ecoregions are higher than in the Middle 
Rockies, but still much lower than concentrations in the plains farther east.   
 
However, the data given in Suplee and Watson (2013) show evidence of “reference” samples 
seriously compromised by human-influenced nutrient contamination, more problematic in skewing 
the nutrient conditions for the two ecosystems because the sample size was small (Table 3).  The 
data especially indicate an aberrant sample for TN that skewed other basic statistics.  Only 1 sample 
of 20 (5%) exceeded 600 µg/L; at 2830 µg/L the sample likely was an outlier, although that 
statistical check was not mentioned.  Yet, the draft Narrative Translator (Table 2-3) assigns the two 
sub-ecoregions thresholds of 226 µg TP/L and 640 µg TN/L— a nearly 4-fold higher TP threshold 
and the same TN threshold as for the Middle Rockies.  Suplee and Watson (2013) maintained that 
background nutrient concentrations are higher in eastern areas of the Northwestern Glaciated 
Plains.  The draft Translator assigned a TN threshold to the Eastern areas that is twice as high as for 
ecoregions 42q-r, yet also assigned a much lower TP threshold. 

 
A second example of lack of consistency or rationale is MDEQ’s treatment of the Idaho Batho-

lith ecoregion.  Suplee and Watson (2013) described a dose-response study by Mebane et al. (2009) 
in wadeable streams of this ecoregion within central Idaho. They emphasized the Big Wood River, 
which had very low ambient nutrients (7-10 µg TP/L, 50-150 µg TN/L, similar to MDEQ’s data for 
Montana streams in the Idaho Batholith.  Suplee and Watson (2013, p.3-15) noted that the Big 
Wood River was very strongly N- and P-co-limited.  Their stated interpretation of that condition 
was that: 

 
Solo N or P control (no control on the other) would need to be maintaining 
concentrations no higher than natural background (ca. 8 µg TP/L or 100 µg 
TN/L) [emphasis added] to prevent substantial increases in benthic algal 
growth. Among the study streams, N and P co-limitation or N limitation 
was most common. These data demonstrate that coupled N and P criteria 
are important to maintain desired water quality conditions.... A good 
response curve was obtained between benthic algal chla and TN.   This 
was less true for TP where, in a number of cases, there were a fair  
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Table 3. Comparison of MDEQ data (after application of the Brillouin Evenness 
Index) for designated reference sites versus the draft Narrative Translator 
thresholds (concentrations in µg/L).a 
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number of observations falling outside the chla-TP response curve (i.e., 
higher benthic algal chla was observed at lower-than-predicted TP levels). 
 

Mebane et al. (2009) had recommended criteria of 40 µg TP/L and 600 µg TN/L to maintain  

Table 3, cont’d. 
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benthic algal growth at < 150 mg chla/m2 for recreational uses (“per Suplee et al. 2009”), a less  
sensitive designated use than the aquatic life designated use (see Section VIII.A below).  Suplee and 
Watson (2013) cautioned against considering those high N and P values for Montana streams in this 
ecoregion because the Mebane et al. study included some non-reference sites in agricultural settings.  
Thus, the reference condition was compromised.   MDEQ acknowledged that “natural background 
conditions” for the Idaho Batholith ecoregion were ~8 µg TP/L and ~100 µg TN/L, and that control 
of only P (or only N) would mean that streams would have to be maintained at reference conditions 
in order to prevent noxious algal overgrowth.   Yet, MDEQ’s thresholds in the draft Narrative 
Translator (60 µg TP/L and 640 µg TN/L) now exceed those recommended by Mebane et al. (2009) 
for agriculturally compromised streams. 

 
A third example is MDEQ’s nutrient thresholds for some Northwestern Glaciated Plains sub-

ecosystems (Table 3).  The draft Narrative Translator set inflated TN and TP thresholds for the 
entire Eastern region (Table 2) that were identical to numeric criteria previously assigned to 
Eastern wadeable streams and middle-sized rivers (MDEQ 2014, Table 12A-1:  TN in the North-
western Glaciated Plains, Northwestern Great Plains, and Wyoming Basin - 1300 µg/L; TP in the 
Northwestern Glaciated Plains and Wyoming Basin - 150 µg/L). The draft Translator and 
supporting document MDEQ (2024b) do not mention consideration of additional TN and TP data 
beyond the data summaries given in Suplee and Watson (2013).  Therefore, these comments 
assume that the same data were considered to choose the draft Translator TN and TP thresholds for 
the Eastern region as were considered to choose the numeric criteria.   

 
Suplee and Watson (2013) included samples from reference sites that were clearly nutrient-

contaminated with concentrations expected from partially treated sewage or contamination by 
animal wastes (9900 µg of both TP and TN/L).  They noted (p.3-28) that “Studies carried out in 
warmwater streams in the plains of Canada, in Wisconsin, and in Minnesota provide a range of 
values from 540 to 1,830 µg TN/L and 70 to 90 µg TP/L”.   The broad range especially in TN data 
indicates that some of the streams involved were not reference waters.  For the draft Narrative 
Translator, MDEQ chose an inflated TN threshold for the Northwestern Glaciated Plains sub-
ecoregions, 1300 µg/L, suggested (MDEQ’s word) by a nutrient dosing study on diatoms in one 
reference stream (Suplee et al. 2008, Appendix A).  MDEQ also chose an inflated TP threshold of  
150 µg TP/L which was favorably compared and identical to that assigned to streams draining 
Minnesota’s nutrient-contaminated Western Corn Belt Plains ecoregion (see Section VIII.C.1 below). 

 
    VII.B. Reference condition assessments are outdated 
 

Reference sites were described by MDEQ as representing the natural biological, physical, and  
chemical integrity of a region, that is, the natural condition (Suplee et al. 2005).  Montana is known 
as a “headwater streams state” (MT DEQ 2016).  The low-nutrient parent materials of mountainous 
Western and Transitional watershed soils as well as much of the Northern Great Plains (Southard 
1969, Fixen et al. 2010; also see related information in Heron et al. 2021) promote naturally 
oligotrophic conditions in many surface waters.  MDEQ expressed interest in reference sites to 
assist in interpreting narrative water quality standards, and originally selected reference sites in 
the late 1980s/early 1990s (Bahls et al. 1992).  Suplee et al. (2005) is mentioned in various MDEQ 
reports since its publication, but with no indication of further updates. Suplee et al. (2005, p.i) 
stated as an aside in parentheses, “Some established reference sites that had already been 
thoroughly evaluated [in the late 1980s/early 1990s]...were automatically classified as final 
reference sites.”   
 

The writing indicates that recent data from some sites were used as reference site data 
although the sites had not been rigorously re-assessed for one to two decades or more to determine  
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if they were still reference conditions with minimal nutrient pollution.  Among other pertinent   
MDEQ citations, (i) Suplee et al. (2007) used reference streams from Suplee et al. (2005) after 
culling some sites. (ii) Suplee et al. (2008, p.20 and Table 6.2) considered reference stream data 
from  MDEQ and other sources through 2007, and added some reference sites in two level III 
ecoregions. (iii) Suplee and Watson (2013, p.2-2) briefly described collection of additional 
reference site data were collected in the summers of 2009-2010.  More recent assessments or re-
assessments of reference sites are not mentioned in the draft Narrative Translator or supporting 
documents. The draft Translator technical support document (MDEQ 2024b, pp. 5 and 19), for 
example, refers readers to information on reference sites in Suplee et al. (2005) and Suplee and 
Watson (2013).   

 
Up-to-date, adequate checks of reference site status are important because some MDEQ 

reference streams have become substantially polluted by nutrient contamination in the decade(s) 
since they were designated as reference streams, perhaps also not detected by MDEQ’s sparse 
sampling. While agriculture in Montana has been holding relatively steady in the past ~decade 
(Haynes et al. 2020), urbanization is increasing.  Over the past 20 years, the average state 
population growth annually has been 1.04%, increasing to 1.3% in the past five years (Macrotrends 
2023). Growth above 1% per year is considered rapid (Sadigov 2022 and references therein).  The 
closest proxies to urban development in the MDEQ screening process were the categories “road 
density” and “point sources” (Suplee et al. 2005).  Roads contribute to impervious cover, which is 
known to have major adverse impacts on water quality and aquatic life (U.S. EPA 2006a) beginning 
at very low percentages of watershed land cover (2-4%; Schueler et al. 2009).  The draft Narrative 
Translator and supporting information (e.g., MDEQ 2024b and other MDEQ information cited in 
these comments) mentioned nothing about recent efforts by MDEQ to re-assess/update reference 
sites for increased watershed development. 

 
Suplee et al. (2005) described the evaluation process used to assess candidate reference sites 

including various watershed and stream characteristics, with 16 attributes considered for 
mountainous sites and 13 for plains sites.  The final selection process included 5 (eastern MT) to 8 
(western MT) screening categories.  Regarding point sources, Suplee et al. (2005, p.14, Table 3) 
considered reference conditions as “Few [number not defined] to no point source discharges in the 
watershed. Site located greater than 5 miles downstream or above the permitted discharge.” 
Inclusion of point sources in the screening process was a sound approach, but none should have  
been in the watersheds of reference streams, for the following reasons:   
 

(i) Waters impacted by partially treated sewage from point sources are much more 
vulnerable to adverse impacts of nutrient pollution in comparison to waters affected by other 
sources ) because P and N from sewage is much more potent (see Section VI.A of these comments). 
(ii) Montana population centers are rapidly growing as explained above, with increasing impor-
tance of sewage treatment plants in affecting the state’s surface waters.  Updated reference stream 
evaluations are needed that reflect these changes.  (iii) Reference sites ~5 miles downstream from 
a permitted discharge (Suplee et al. 2005) can easily be contaminated by high nitrate.  As nitrate 
moves downstream, much of the high ammonia in partially treated sewage is transformed to 
bioavailable nitrate through various processes (Gammons et al. 2011, Xia et al. 2018). Phosphate 
and ammonia tend to adsorb to particles, for more restricted or slower, spiraling travel (Stumm and 
Morgan 1995).  They are likely to cause most adverse impacts within a relatively short distance 
downstream from the discharge location (e.g., Chesterikoff et al. 1992). In contrast, nitrate is highly 
soluble and can travel tens to hundreds of miles (Mallin et al. 1993, Houser and Richardson 2010, 
Houser et al. 2010). 

 
Reference streams, by definition, are supposed to be in a natural or pristine state, free from  
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contamination by pollutants.  Thus, Suplee et al. (2005) described reference waters as draining  
watersheds that have no oil and gas development, as such land disturbance can add P and N to  
receiving waters among many other pollutants (Lund et al. 2015, U.S. EPA 2015c).  Suplee et al.  
(2007) used the reference sites from Suplee et al. (2005, p.460) after this step:  
 

Some candidate reference sites were in a reference condition for certain 
characteristics (e.g., riparian condition), but failed in another category, 
for example having high density of abandoned mines in the watershed or 
metals concentrations that exceeded the state standards. Sites of this 
nature were not retained as reference sites. 

 
However, more recent fracking activities are near the locations of various sites that MDEQ uses as 
reference stream sites (Figure 8) in developing the draft Narrative Translator. 

 
           VII.C. Stressor-response studies are misapplied  

 
MDEQ previously had explained the agency’s intent to emphasize stressor-response studies 

over use of reference stream data (e.g., Suplee and Watson 2013, p.1).  Although the draft Narrative 
Translator (Table 2-3, footnotes, and endnotes) lacks specifics about the rationale for the inflated    
TN and TP thresholds, the available information shows that limited, inappropriate information 
which should not have been applied to Montana waters was emphasized over actual reference 
stream N and P concentrations indicative of natural, best conditions for sensitive biota. 

 
Suplee et al. (2008) described a ‘marriage’ of sorts between reference site conditions and 

stressor-response studies to inform protective nutrient criteria, while recognizing that stressor-
response studies are usually limited in scope with statistical uncertainties.  Stressor-response 
studies commonly use one species or group of valued organisms as representative of all beneficial 
biota in the ecosystem; thus, sensitive species of macroinvertebrates are often used to represent all  

Figure 8. Map showing locations of MDEQ general reference sites (white circles) as of 2013.  Sites 
indicated by red squares are locations of reference sites now in fracking areas. Colored background 
areas are Omernik Level III regions; stars show the major towns. Modified from Suplee and Watson 
(2013, Figure 3-1). 
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sensitive animals, plants/algae, and decomposers in a greatly over-simplified assumption, “glossing  
over” the fact that little is known about the responses of many biota and that from what is known,  
some biota are more sensitive to nutrient pollution than the group selected for study (e.g., 
Stevenson et al. 2008, and Dr. Stevenson’s comments as reviewer #2 in Suplee and Watson 2013).  
Stressor-response information from highly artificial, controlled laboratory conditions distinct from 
natural conditions is often considered together with field studies characterized by various 
stochastic factors that make data interpretations difficult or uncertain at best (e.g., Robertson et al. 
2006, 2008; U.S. EPA 2010).    
 

MDEQ acknowledged the limitations of stressor-response information, but MDEQ does not 
seem to have considered these limitations in designing its draft Narrative Translator.  MDEQ 
asserted that the stressor-response studies emphasized in choosing the inflated TN and TP 
thresholds of the draft Narrative Translator were appropriately applied (Suplee and Watson 2012, 
p.1-3).  That assertion is false, as illustrated by the following examples: 
 
 The MDEQ aggregate ecoregion II - level III ecoregion 15 TP target of 40 µg/L, and the MDEQ  

TN threshold of 640 µg/L (all Western and Transitional ecoregions/sub-ecoregions) were 
chosen from consideration of a study of a small watershed in Idaho (Northern Rockies 
ecoregion) pre-/post timber harvest (nutrients - Gravelle et al. 2009a; macroinvertebrates - 
Gravelle et al. 2009b).  The TP data from Gravelle et al. (2009a) seem questionable, considering 
that (i) TP methods were changed during the study, and (ii) TP reported for the control site in 
Gravelle et al. (2009a, Figure 8A) is nearly double that of a clearcut watershed. Moreover, the 
authors (p.1668) described mean TP concentrations of ~30 µg/L even post-timber harvest, and 
similarly lower TP concentrations than chosen for the draft Narrative Translator for 14 years 
throughout the pre-harvest/post-harvest study. 
 
The draft Narrative Translator (MDEQ 2024a, endnote 6, p.39) states that its chosen TN value 
was [from] “the post-harvest water year averaged TN concentration, coupled with no observed 
detrimental effects on stream macroinvertebrates”.  Several points merit clarification:  (i) The 
post-harvest water year average TN (= total Kjeldahl nitrogen + nitrate+nitrite, NOx) appears to 
be ~250 µg/L based on the data provided in the paper. (ii) Data were taken monthly year-
round. Thus, MDEQ’ average includes high winter/early spring data that substantially expand 
its “growing season” TN for the draft Narrative Translator.  (iii) Suplee and Watson (2013, p.3-
16) described the Gravelle et al. studies as having “suggested” a TN criterion of 400 µg/L.  
 
The draft Translator (endnote 6) increased that number substantially with the stated rationale 
that the TN value was derived from post-harvest water-year averaged TN concentrations (TKN 
+ nitrate+nitrate) coupled with no observed detrimental effects on stream macroinvertebrates.  
However, as Gravelle et al. pointed out, the macroinvertebrate data were highly variable, 
making any conclusions about “no harm” tenuous. As noted by authors of other clearcutting 
studies, “...instream responses...are numerous and sometimes conflicting (Johnson et al. 2023).  
(iv) In the post-harvest year at clearcut and partially clearcut sites, most of the TN consists of 
NOx, and most of that was nitrate, which is highly soluble and affected the downstream 
(cumulative) sites (Gravelle et al. 2009a, Table 3).  
 
Dominance by nitrate among N forms is an unhealthy condition for stream ecosystems (Stanley 
and Maxted 2008).  As natural (background), most TN consists of organic N; inorganic N forms 
are usually low, typically < 200 μg NO3-N/L (Stanley and Maxted 2008, and references therein).  
Gravelle et al.’s control sites were very low in NOx.  Thus, rather than selecting a protective TN 
target based on control sites, MDEQ chose an inflated TN value dominated by highly 
bioavailable NOx, coupled with macroinvertebrate data too variable to use for discerning  
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statistically significant differences.      
 
 A nutrient dosing study (Suplee and Watson 2013, p.3-27), used by MDEQ to suggest much 

higher TN and TP concentration thresholds than reference for the Northwestern Great Plains 
ecoregion, did not support such high values.  MDEQ’s interpretation was based on the fact that 
after Aug.-Sept. TN and TP experimental additions (highest dose sustained concentrations of 
150 µg nitrate/L and 23 µg soluble reactive P/L), DO concentrations did not violate the state’s 
minimal DO standard in that time period.  De-emphasized was the fact that DO plummeted a 
short time later, in October, due to decomposition of the high algal biomass that had been fueled 
by the excessive TN and TP.  Apparently this important finding was not considered because it 
fell outside the July-September defined interval for the growing season in the draft Narrative 
Translator.  MDEQ also failed to consider that a modest amount of nutrients in this stream had 
caused the large algal response and the extreme DO response (October).   

 
Such findings indicate that the streams in this ecoregion should be re-assessed for reference 
conditions.   

 
           VII.D. Nitrate pollution is overlooked  

 
MDEQ’s draft Narrative Translator does not consider major N pollution, added just before and 

during the growing season as nitrate, in its selection of reference conditions.  Nitrate is a major 
pollutant of surface and groundwaters (Sahoo et al. 2016, United States Geological Survey [USGS] 
2018) from fertilizers, oxidized untreated or partially treated human and animal wastes, 
atmospheric deposition, and other sources—either directly or via nitrification/oxidation of 
ammonia (Vitousek et al. 1997). The closely related ion, nitrite, is measured along with nitrate in 
most methods but is usually very low to negligible, ~1% of the nitrate concentration or less) in 
surface waters (Stanley and Maxted 2008, and references therein), and is often included as a minor 
portion of the total measurement (recorded as nitrate+nitrite but generally referred to simply as 
nitrate, as here) (Suplee et al. 2007, American Public Health Association et al. 2017).  Background 
nitrate concentrations are low in Montana waters as mentioned (U.S. EPA 2000c,d; 2001a,b; Flynn 
and Suplee 2013, p.139-9; suggested nitrate criteria in Suplee et al. 2008). Suplee et al. (2015, 
p.454) selected 6 µg NO3-N as background in a modeling effort for the Yellowstone River, and noted 
that the 6 µg/L value was close to the median (5 µg/L) of larger Montana reference streams in the 
Middle Rockies and Northwestern Great Plains. 

 
Nitrate acts as an algal/plant nutrient, but high concentrations of nitrate are also a serious 

concern for aquatic resource management because nitrate can be toxic to beneficial aquatic life 
(Camargo et al. 2005).  Nitrate exposure has decreased immune response, reproductive activity, 
and embryo dry weight; acted with endocrine-disrupting properties; and induced hematological 
and biochemical changes in aquatic fauna (Guillette and Edwards 2005, Edwards et al. 2005, 
Edwards and Guillette 2007, Poulsen et al. 2018 and references therein). Nitrate has been reported 
to interfere with fish steroid hormone synthesis and to adversely affect fish fecundity and sperm 
motility/viability, and it is toxic to fish embryos (concentration range 0.2 to 5.1 mg NO3-N/L; 
Edwards et al. 2004, Hamlin et al. 2008)—much lower than, or within range of, concentrations 
reported by Sigler et al. (2018) for upstream tributaries in the Judith River basin, Montana (below).  
For adult freshwater invertebrates, the lowest reported chronic toxicity levels promoting adverse 
impacts are 2.8-4.4 mg NO3-N/L for two species of amphipods (Camargo et al. 2005).  Early instar 
caddisfly larvae sustained adverse effects from chronic toxicity at 1.4-2.4 mg NO3-N/L (Camargo  
and Ward 1995).   

 



   29 
 

As examples of surface water nitrate contamination from partially treated sewage, Montross 
et al. (2013) reported that nitrate concentrations in streams of the Gallatin River watershed ranged 
from ~9 to 630 µg/L (0.009 to 0.63 mg NO3-N/L) (also see similar maxima, > 0.5 mg/L, in Gardner 
and McGlynn 2009), up to 100-fold higher than natural conditions.  Gammons et al. (2011) 
described sewage-related impacts on a small stream at the headwaters of the Clark Fork River near 
Butte, MT, characterized by high ammonia-N (up to 4,620 µg/L) and high nitrate (up to 4,200 µg/L) 
from sewage effluent during mid-summer baseflow conditions—up to 1,000-fold higher than 
natural conditions.  As would be expected, headwaters usually contain the lowest nitrate whereas 
waters near sewage effluent are highest (Montross et al. 2013).   

 
Nationwide, the TN concentrations in streams draining agricultural lands are ~6-fold higher 

than background levels, and 60% of that TN is nitrate-N (Dubrovsky et al. 2010). Nitrate 
contamination in runoff or leachate from croplands and grazing lands for cattle has major impacts 
on Montana surface waters, either directly or via shallow groundwater (e.g., LaFave 2008), 
especially in some ecoregions such as the Prairie (Suplee et al. 2008) and the Northern Great Plains 
(Sigler et al. 2018).  In the Northwestern Glaciated Plains, Nimick and Thamke (1998) reported that 
nitrate concentra-tions were elevated in soil porewater and groundwater affected by dryland crop-
fallow practices. 

 
A recent study of surface- and groundwater in the central Judith River watershed exemplifies  

the problem (Sigler et al. 2018). The Judith River drains 2,780 square miles (7,200 square 
kilometers) of central Montana and flows into the Missouri River ~129 kilometers (80 miles) 
downstream of Great Falls near the western edge of the River Breaks area. The Judith River 
watershed has various shallow aquifers and gravelly soils through which pollutant-laden water can 
percolate quickly, and some segments of the river and tributaries have been 303(d)-listed due to 
impairment by high nitrate (United States Department of Agriculture [USDA] 2020, MDEQ 2021a). 
The researchers estimated that up to 1/3rd of the N from typical fertilizer inputs over a three-year 
crop rotation was lost via direct or indirect leaching of nitrate. The mean groundwater NO3-N 
concentration (aggregate mean 20.4 + 6.4 mg/L) was near the 95th percentile of U.S. groundwater 
concentrations.  The Judith River data were similar to mean values reported for other shallow 
groundwater underlying dryland small grain production in Montana (20 mg/L; Nimick and Thamke 
1998).  
 

Groundwater nitrate contamination in the Judith River watershed was most obvious in 
shallow alluvial aquifers within gravel terraces and alluvial fans at lower-elevation and lower-relief 
areas (Schmidt and Mulder 2010). Recharge rates to streams, highest in the pre-growing season 
months, were much higher through annually cultivated soils than through perennially vegetated 
soils (Scanlon et al. 2005). The three-year mean nitrate-N concentration for one assessed tributary 
stream (19.3 + 1.8 mg/L, similar to that for the aggregate groundwater mean), was ~100-fold 
higher than background (U.S. EPA’s IV-43 Great Plains Grass and Shrublands - 25th percentile of all 
streams data all year, 0.38 mg TN/L) (U.S. EPA 2001a). For another assessed tributary, the three-
year mean (~11 mg/L) was about half of the groundwater concentration (Sigler et al. 2018). 

 
MDEQ is aware of the major threats from nitrate to Montana surface waters.  In an analysis of 

the Northwestern Glaciated Plains ecoregion, for example, Suplee et al. (2007) recommended that 
“special attention” should be paid to nitrate, as it is the nutrient form most likely to be linked to 
eutrophication problems there.  Suplee (2004) had shown that nitrate is significantly positively 
correlated to algal production in streams of that ecoregion.  In fact, Suplee et al. (2008) suggested 
numeric nitrate criteria because, as he explained: 
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There is potential that if TN criteria are adopted in the absence of accompany-  
ing nitrate (NO2+3) criteria, the water quality benefits desired would not be 
achieved.  For example, if a point source discharge met the TN criterion but the 
discharge was almost all nitrate, water quality problems would in all likelihood 
continue.  This is particularly true of eastern Montana prairie streams, where 
there are strong indications of N limitation and studies suggest that special 
attention should be paid to nitrate (Nimick and Thamke 1998, Suplee et al. 2007).  

 
MDEQ (Suplee and Watson 2013, p.i) abandoned further consideration of nitrate criteria 

based on two assertions:  The first was that rapid uptake of soluble N forms mainly by primary 
producers (algae and vascular plants) causes variability in the concentrations of these N forms, so 
they are difficult to use for ambient nutrient criteria. However, TN is as variable as nitrate in 
moderately to highly N-polluted waters; in fact, in such conditions nitrate is often an abundant or 
even dominant   N form (Stanley and Maxted 2008, and references therein).   

 
The second MDEQ assertion (Suplee and Watson 2013, p.i) regarding nitrate was that TN 

provides better overall correlation  to eutrophication (nutrient pollution) response than soluble N 
forms, and TN is “generally more practical than soluble N forms for ambient river monitoring and 
assessment...(Dodds and Welch 2000).”  That point may be valid for reference and minimally 
impacted waters where most of the TN is refractive and difficult for plants/algae to access. 
However, the generalization poorly applies to moderately to highly over-enriched waters because 
nitrate can be a major or even predominant form in both surface water and shallow groundwater 
(LaFave 2008).  As Suplee et al. (2008) stated, if much of a TN measurement consists of bioavailable 
nitrate, management attempts to alleviate degradation from nutrient pollution will need to focus on 
nitrate, not only on TN.  MDEQ did not provide analyses comparing TN and nitrate across oligo-
trophic versus mesotrophic and eutrophic Montana streams, so the second MDEQ assertion cannot 
be further assessed. As for practicality, nitrate is easy to measure, which is why it is analyzed using 
inexpensive instruments in water quality laboratories across the country.  

 
The draft Narrative Translator (p.27) requires point source dischargers to monitor only TN 

and TP nutrients in effluent and near-/far-field sites for assessment. MDEQ “encourages” collection 
of nitrate data because the data can provide “important information”...and mentions nothing 
further.  This lack of requirement for sampling nitrate is a major non-protective oversight for 
Montana streams, rivers, and spring creeks that are moderately to highly nitrate-contaminated. 
 
VIII. Excessive thresholds for response variables will fail to protect the sensitive aquatic 

life of Montana streams and rivers from degradation due to nutrient pollution  
 

    VIII.A. The threshold value for harmful benthic algal biomass is much too high to  
        protect sensitive aquatic life, and inadequate to protect recreational uses 
 

The draft Narrative Translator emphasizes response variables and threshold TN and TP 
concentrations were chosen to conform with chosen thresholds for the response variables.  This is 
consistent with MDEQ’s approach in selecting numeric nutrient criteria—Suplee and Watson 
(2013) explained that MDEQ’s goal in its selection of TN and TP thresholds was to maintain benthic 
algal  chla at or below MDEQ’s selected threshold value. The major difference in MDEQ’s action is 
that the benthic algal biomass thresholds (chla, AFDW) used in developing the numeric nutrient 
criteria were much lower for most sub-ecoregions and, thus, much more protective for Montana 
streams and rivers. 
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As background, DO is mostly contributed to stream water by primary producers, but at night 
high algal biomass can use so much oxygen for respiration that fish and other beneficial aquatic life 
can suffocate to death (Chambers et al. 2006, Martin et al. 2013).  Published reports have indicated 
that benthic algal chla in temperate streams should be < 50 mg/m2 to protect benthic species 
biodiversity in temperate streams (Biggs 2000a, p.97), or < 100 mg/m2 for healthy aquatic life 
(British Columbia streams - British Columbia Ministry of Environment and Climate Change Strategy 
2021) or < 100 mg/m2 to avoid nuisance conditions (Dodds 2006b).  Benthic algal chla above 100 
mg/m2 was described as a nuisance level for wadeable streams and rivers, reflecting a general 
consensus in the literature (Stevenson and Bahls 1999). Biggs (2000b, p.26) described > 150-200 
mg chla/m2 for a large number of temperate streams as “very conspicuous” and “probably 
unnaturally high”.   

From a case study of the Clark Fork River, Montana and literature review, Dodds et al. (1997) 
described benthic chla in excess of 100 mg/m2 as generally undesirable from a water quality 
(stream health) perspective.  Based on more than 200 temperate streams, Dodds et al. (1998) 
suggested the oligotrophic boundary at a mean benthic chla of < 20 mg/m2, and the eutrophic 
boundary at > 70 mg/m2.  Working in northwestern U.S. and Swedish streams, Welch et al. (1988, 
1989) described a biomass range of 100-150 mg chla/m2 of benthic algae on natural substrata as a 
potentially critical level for aesthetics.  

A nutrient dose-response study showed that in a wadeable Montana stream, benthic algal chla 
at 127 mg/m2 led to seasonal exceedances of the state’s dissolved oxygen standard (Suplee and 
Sada de Suplee 2011).  A model using lower temperatures indicated that benthic chla < 135 mg/m2 
was “generally appropriate” for shallow wadeable streams in mountainous regions (Suplee and 
Watson 2013, p.3-4).  Suplee et al. (2009, p.135) wrote, 

...in Montana it appears that the alga[l] level at the recreation nuisance threshold  
(150 mg chla/m2) is much higher than what is found in mountainous                          
reference streams, and is only rarely found in prairie (eastern Montana)                            
reference streams. 

 
Overall, the published literature indicates that benthic chla thresholds for aquatic life 

designated use should be substantially lower than (i.e., more protective) acceptable maxima for  
aesthetics in recreational use.  Based on MDEQ’s (Suplee et al.’s) writing above, the 150 mg chla/m2 
is “much higher”  than should be imposed as acceptable for sensitive beneficial aquatic life in 
streams and rivers throughout Montana, even for the Plains Ecoregion waters.  Yet, the draft 
Narrative Translator (Table 2-1) assesses 150 mg chla/m2 level as acceptable for wadeable 
streams, medium rivers, and large rivers in the Western and Transitional ecoregions, and does not 
assign any threshold level to the Eastern ecoregion.  Clearly, the overall effect of the draft Narrative 
Translator will be to allow streams across the state, including some of the most pristine streams in the 
nation, to degrade to the point that they are characterized by these excessive response variables and 
the excessive TN and TP concentrations fueling them. 

 
MDEQ previously determined that much lower benthic chla targets than 150 mg chla/m2 

were not protective of aquatic life.  Suplee and Watson (2013, p.3-27) described a nutrient dose-
response study in a wadeable reference stream of southeastern Montana (Northwestern Great 
Plains ecoregion), which showed that benthic algal abundance of 127 mg chla/m2 coincided with 
DO concentrations that met the state’s minimal DO water quality standards (see Section VIII.C.1 
below).  But average benthic algal biomass ranging from 87 to 127 mg chla/m2 actually led to unac-
ceptable DO at the end of the growing season (Oct.) with algal senescence/decomposition—that is, 
to habitat degradation due to DO for sensitive aquatic species in Western and Transitional streams.   
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MDEQ (Suplee and Watson 2013) stated that from additional work, ~129 mg chla/m2 also 
met the minimum DO standard in “many” Western Ecoregion streams—that at least 80% of the 
time, the average measured benthic chla in a given wadeable stream would be within + 30% of the 
real average.  That translates, however, into an unacceptable situation:  It means that MDEQ could 
be 80% certain that when the measured average was > 129 mg chla/m2 in a nutrient-impacted 
reach, the true average could be as high as 165 mg chla/m2, which would result in violations of the 
minimum DO standard.  Thus, the substantial uncertainty could allow excessive values detrimental 
to aquatic life.  Yet, MDEQ (Suplee and Sada de Suplee 2011, p.B-5) previously had recommended 
that the acceptable maximum amount of benthic algal chla should be only a little lower: 

 
...when a site’s average benthic chla exceeds 120 mg/m2 it is too high, and 
should be considered an impact threshold to fish and associated aquatic life.  

 
MDEQ (Suplee and Watson 2013) later used a slightly higher threshold value, 125 mg 

chla/m2, as the maximum acceptable level for Montana wadeable streams and medium rivers.  TN 
and TP “background” concentrations to meet that excessive algal target were then calculated from 
equations published for similar rivers (e.g., Mebane et al. 2009; Dodds et al. 1997, 2006b).  This 
threshold value was considered reasonable for Plains region waters by reviewers of MDEQ’s 
proposed nutrient criteria as of ~a decade ago (Suplee et al. 2012).  For application to mountainous 
and foothills regions, however, reviewers assessed the 125 mg/m2 threshold as excessive and non-
protective.  Reviewer #3 wrote,  

 
The expectation for mountain and foothill-transitional ecoregions is that the 
streams are oligotrophic and coldwater, supporting Montana’s famous trout 
fisheries. Given that 125 mg/m2 is in the range of “nuisance, well in[to the 
range for] “mesotrophy” and has been demonstrated to cause DO problems     
in Montana, this value is probably too high for [protection of] mountain and 
foothill streams. 

 
This information indicates that the benthic algal chla threshold should be well below 120 mg chla/  
m2  to protective aquatic life from harmful benthic algal growth. 

 
Water quality standards are required to protect the most sensitive designated use. The draft  

Narrative Translator fails to do so:  Despite its recognition of the Aquatic Life use as more sensitive 
to nutrient pollution than recreational use (MDEQ 2024a, Table 2-3), the draft Narrative Translator  
emphasized the recreational designated use to the basic exclusion of the aquatic life use (Table 2-1). 
As mentioned, MDEQ (2024a) chose the 150 mg chla/m2 target for Western and Transitional 
ecoregions wadeable streams and medium rivers, and for large rivers (Table 1).  This value 
“corresponds to the arithmetic mean of the replicates at the highest level of benthic algae found to 
be [aesthetically] acceptable to the general public of Montana” (Suplee and Watson 2013, p.3-4).  In 
other words, MDEQ chose a standard for water quality that recreationists find acceptable based on 
survey information of shallow stream reaches with minimal growth of other primary producers 
(Suplee et al. 2009).  But that is not the most sensitive designated use.  As explained, much lower 
benthic algal biomass thresholds are generally recommended to protect sensitive aquatic life and 
biodiversity in oligotrophic streams such as those of the Western ecoregion.   

 
It does not appear that any rationale is offered for MDEQ’s ignoring the aquatic life designated 

use, despite available information indicating that it is more sensitive to nutrient pollution than 
recreational aesthetics. The writing closest to an explanation appears where MDEQ (Suplee and  
Watson 2013) previously acknowledged that seasonal DO violations were predicted to occur in 
lower-gradient Western ecoregion streams at (much lower) average levels of 127 mg chla/m2 in a 
mechanistic model—but then they stated:  
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In streams with good re-aeration (western high-gradient), therefore, harm-
to-use would not occur until 150 mg Chla/m2 (the recreational threshold). 
To avoid creating an overly complex application of the alga[l] threshold, 
involving not only ecoregions but [also] different beneficial uses and 
different benthic algae levels for different stream gradients, it was decided 
that one alga[l] threshold would be established (125 mg Chla/m2) that 
should be largely protective of both aquatic life and recreation. 

In other words, MDEQ’s benthic chla threshold was set in the draft Narrative Translator at a 
much higher level even than the compromised lower threshold that had been set, for convenience. 
Even the previous threshold, 125 mg chla/m2, was to be applied across the Western and Transi-
tional ecoregions for wadeable streams and medium rivers, and for large rivers, although it could 
be expected to cause harm to aquatic life except in higher-gradient Western streams.  The inflated 
150 mg chla/m2 criterion of the draft Narrative Translator is to be applied across both designated 
uses although it only may be protective of aquatic life in western high-gradient streams.  MDEQ 
(Suplee and Sada de Suplee 2011, p.C-1) basically acknowledged that 150 mg chla/m2 is excessive 
not only for western Montana streams but also for eastern Montana plains streams: 

 
...our analysis shows that [only] 4% of the sampling-event averages from 
plains reference streams have benthic algae > 150 mg Chla/m2, whereas 
none of the sampling-event averages for benthic algae in western Montana 
reference streams even approach this value (e.g., the highest sampling-
event average for a western Montana reference site was 76 mg/m2).   

 
The draft Narrative Translator may protect the aesthetic values of recreational uses, but it 

fails to protect the more sensitive aquatic life use. It rests on the false assumption that the high 
benthic algal abundance thresholds and corresponding excessive TN and TP concentration ranges 
adequate to protect recreational aesthetics will be “good enough” to protect aquatic life.  Protection 
of sensitive beneficial aquatic life, upon which much of the state’s tourism economy is based, is a 
distinct issue from the amount of “green stuff” on the stream rocks that recreationists might 
consider “too green” for their aesthetic taste. 

 
A final point merits mention here.  The draft Narrative Translator bases protection of recrea-

tional uses solely on benthic algal abundance, thereby failing to consider that recreational uses can 
also be impaired by high suspended algae, filamentous floating (drift) algae, and noxious plant 
biomass (Smith et al. 1995, Force and Macbeth 2002, Weed Management Services 2013, Parkinson 
et al. 2016). As mentioned, noxious blooms of these groups of primary producers are known to 
affect Montana streams, rivers, and downstream reservoirs (Suplee 2004, Gammons et al. 2011, 
Suplee et al. 2012, Nagisetty et al. 2019; also see Figure 2 above), and they can respond differently 
than benthic algae to nutrient concentrations and ratios (Xia et al. 2020, Carrick et al. 2023).   

 
For example, consider the hypothetical example of a Montana middle-sized river segment 

affected by partially treated sewage, with benthic algal abundance at 20 mg chla/m2.  What if the 
river segment has a noxious suspended algal bloom has turned the water yellow-green and made    
it feel slimy, undesirable to recreationists?  Or, what if aquatic plants choke the river segment and 
block boat passage? These are commonly documented adverse effects on recreational uses in 
waters affected by nutrient pollution.  The draft Narrative Translator excludes their consideration 
but the fact remains:  Sole emphasis on benthic algal abundance is inadequate to protect recrea-
tional uses from nutrient-related impairment in Montana streams, rivers, and downstream waters. 
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    VIII.B.  The draft Narrative Translator fails to protect macroinvertebrate  
                   community health  
 

         VIII.B.1.  The draft Translator’s reliance upon non-existent “thresholds” allows major  
           nutrient-related degradation of macroinvertebrate communities 
 
As noted by Suplee and Sada de Suplee (2011, p.B-9), macroinvertebrates are indirectly 

affected by nutrient pollution: 
 

...macroinvertebrates are separated from the direct effects of nutrient 
increases by one trophic level (i.e., nutrients directly influence aquatic plants 
and algae, and changes in plant[/algal] species and biomass in turn influenc[e] 
macroinvertebrates. This is why they are considered secondary data [by 
MDEQ].  In addition, environmental factors (natural and human-caused) other 
than nutrients influence macroinvertebrate populations, adding to the scatter  
in the relationship between the metrics and nutrients. 

 
However, despite this recognition of the importance of macroinvertebrates, the macroinvertebrate  
response variable thresholds included in the draft Narrative Translator apply only to MDEQ’s 
Mountains and Low Valleys & Transitional zones (Becks Biotic Index v3 values of 35.1 and 18.7, 
respectively). They are non-protective in those zones, and no macroinvertebrate response 
threshold is assigned to the Plains zone (below).  Further, while once per summer is adequate for 
sampling macroinvertebrate communities  if conducted to minimize inter-annual and intra-season 
variability, the draft Narrative Translator fails to mention that sample collection should occur under 
stable flow conditions during the low-flow period characteristic of late summer (MDEQ 2012).   

 
A still more serious problem in MDEQ’s approach to assessment of macroinvertebrate health 

is its failure to protect sensitive, beneficial macroinvertebrate communities in Montana waters.  As 
background, quantile regression and changepoint analysis are accepted statistical procedures (Qian 
et al. 2003).  The threshold analyses yield stressor concentration thresholds where biota begin to 
decline (referred to as the upper or first breakpoint, at the first threshold) and either cease to  
decline or the data indicate another breakpoint at more polluted conditions (lower or second 
breakpoint at the second threshold) (Qian et al. 2003). In the following illustration of threshold 
analysis (Figure 9), the highest biological quality (for example, the highest number of sensitive 
macroinvertebrate species) occurs up to a maximum TP of 25 µg/L. That concentration is referred 
to as the “first breakpoint”, or the protective threshold. The second clear change in the biota 
response to TP concentration occurs at ~75 µg/L. At this “second breakpoint” most sensitive 
macroinvertebrate species have been locally extirpated as the pollution increases.  Scientists and 
statisticians strongly recommend that biota will be much better protected at the 25 µg/L 
concentration, whereas at higher concentrations increasing numbers of desirable species will be 
lost (sensu Stevenson et al. 2008). 
 

Schulte and Craine (2023, from a consulting firm relied upon by MDEQ) selected a logistic 
model as most explanatory for each region and each metric-by-indicator.   If its R2 value was greater 
than that of linear regression and within 0.05 of any other model, this model was selected due to its 
ability to characterize what were referred to as three “potential thresholds” (Figure 10):  A point at  
a slightly higher concentration than the first apparent breakpoint  was referred to as “initialization” 
(from asymptote to exponential change).  The second point was the midpoint of the maximum 
linear change (straight line portion, describing macro-invertebrate community decline with 
increasing nutrient stressor).  The third point was the apparent second breakpoint, but it was called 
“saturation” and was vaguely described as the change from exponential change to “another 
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asymptote”.   This approach was attributed to having 
“followed consultation with MDEQ”; it was also described as 
having been “based on U.S. EPA (2000a) (but not U.S. EPA 
2010) guidance”.  One of the three points was selected as the 
“threshold”: 

 
 If 75% of reference sites had TN concentrations below 

and metric values  above (for metrics that decreased 
with TN) or below (for metrics that increased with 
TN) the initialization point of the curve, the 
initialization point would be the candidate threshold;  

 If 75% of reference sites were between the 
initialization and midpoints of the curve, the midpoint 
would be the candidate threshold; or,   

 If 75% of reference sites exceeded the midpoint, the 
macroinvertebrate metric was 
considered “overly responsive” and a poor indicator of 
eutrophication effects (“i.e., reference sites were 
characterized by too high of TN and/or too low or 
high of metric values”). 

 
These “initialization,” “midpoint”, “saturation” and “overly responsive” terms have nothing to  

do with determination of thresholds based on accepted rigorous statistical analysis. The described 
approach was not based on EPA guidance that statistical threshold procedures should be followed 
and the identified first breakpoint or threshold should be used to protect beneficial aquatic life:  As  
Schulte and Craine (2023, pp.15-16) attempted to explain, 

the candidate threshold was considered as the threshold value from the   
curve instead of the 75th reference site percentile point along the curve, 
because the 75th reference percentile value is being used primarily as a 
benchmark for threshold decision making and is more representative of         
the underlying dataset rather than the overall shape of the distribution.    

 

Figure 10.  The logistical model 
and three points of focus as 
“potential thresholds” for the 
macroinvertebrate response 
variable by MDEQ via Schulte and 
Craine (2023). Higher metric values 
would generally be associated with 
better biological condition.  

Figure 9.  Statistical threshold analysis:  Identification of breakpoints or thresholds along a   
stressor gradient (here, TP concentration) using additive quantile regression smoothing. 
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As various specialists on setting nutrient thresholds have noted, care should be taken to 
emphasize sensitive species known to be endemic to the stream or river, rather than targeting 
protection of pollutant-tolerant species that can survive in water affected by moderate to high 
nutrient contamination (Robertson et al. 2008, Stevenson et al. 2008).  The midpoint along the 
linear portion of the curve is not a “threshold” or breakpoint.  MDEQ’s use of the “midpoint” is not 
protective, as illustrated by the following hypothetical scenario for a sensitive beneficial macro-
invertebrate species:   

 
- The species is abundant in true reference sites where the mean TP is 25 µg/L, and at about 

the same abundance at the 75th percentile of reference sites where TP is at 30 µg/L.  
 
- The species is only 40% as abundant at a TP concentration of 45 µg/L (midpoint). 
 
- The species cannot be found at a TP concentration of 60 µg/L. 
 
Given these facts, the U.S. EPA (2000a) would have recommended that use of the 75th 

percentile of reference sites would set a protective TP numeric criterion (threshold) at 30 µg/L.  
However, Schulte and Craine (2023), and the draft Narrative Translator that used their analysis, 
would set the TP standard at the midpoint of the TP concentrations, 45 µg/L, despite the fact that 
60% of the population of the sensitive species is gone at that stressor TP level.  To be protective, 
the TP criterion in this example should be set at 30 µg/L before the sensitive species declines.  
Clearly, use of the “midpoint” concentration is not protective. 

 
A threshold, in contrast, is defined as a relatively abrupt change in the rate of response along    

a stressor gradient (Muradian 2001). It can be a nonlinear response (here, the Becks Biotic Index 
response variable for macroinvertebrates) or the nutrient concentration at which the response 
occurs (Stevenson et al. 2008, p.789).   
 

The scientifically accepted statistical approach that would be protective of sensitive macro-
invertebrates or other beneficial aquatic life (sensu Stevenson et al. 2008) is shown in Figure 11,     
in comparison of the much less protective “midpoint” threshold (Figure 12).  Sensitive/intolerant 
species are typically the first species to disappear due to chemical and physical perturbations (e.g., 
low DO) (Barbour et al., 1999). As Stevenson et al. (2008, p.789) noted,  

 
Stressor criteria should be established at stressor levels below thresholds in 
nonlinear responses that demonstrate assimilative capacity (the ability of 
the system to resist changes in the valued ecological attribute up to some  
level of the stressor)....Setting criteria below thresholds [that is, before the  
first breakpoint in Figure 9 of these comments]… provides a margin of 
safety to protect valued attributes….Negative exponential responses with 
saturation levels call for protecting attributes, processes, or condition before 
 [emphasis added] they are completely lost.  Setting criteria at stressor levels 
below the saturation level (upper threshold) reduces the risk of losing these 
attributes. 
 

A response showing assimilative capacity and then a threshold response (Figure 12) as 
stressors increase is especially valuable for deriving nutrient criteria because stressor levels just 
below the threshold will protect reference conditions with sensitive beneficial biota, and will also  
provide a margin of safety (Stevenson et al. 2008).  Robertson et al. (2008, pp.7-8) counseled, “If 
relations between nutrient concentrations and biotic integrity are used to define criteria, the final 
nutrient criteria should be chosen to minimize [emphasis added] degradation in the biotic integrity 
of the streams.”  In describing biological threshold analyses (e.g. Wang et al. 2007, Brenden et al. 
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2008), a distinct wedge-shaped relationship between biology and nutrients is commonly observed.  
The steep portion of the wedge occurs [after the first breakpoint] at moderate levels of the nutrient 
stressor.  It indicates that a threshold had been crossed and that biological condition is declining.  
To protect high quality of the ecological attribute (e.g., high macroinvertebrate community health, 
or high sensitive species diversity), the targeted threshold should be set at a nutrient concentration 
lower than in the range coinciding with the linear portion of the curve, where the valued ecological  
attribute is in steep decline. 
 

Higher values of the Beck’s index indicate more desirable, healthier macroinvertebrate 
communities.  MDEQ (Schulte and Craine 2023) used the “midpoint” as the threshold value for the 
selected macroinvertebrate response variable, Beck’s Biotic Index (version 3).  Rather than 
targeting the protective higher Becks index value of 45.96 or, as explained above, a value slightly 
higher to impose a margin of safety, MDEQ chose to use the “midpoint” value indicative of poorer 
macroinvertebrate quality as the acceptable threshold for the macroinvertebrate response variable 
in streams and middle rivers (e.g., Figure 13 - Mountains zone; see Figure 4).  “Sliding” halfway 
down the area of the curve with the most rapid decrease in the index, down to the “midpoint”, 
means that remaining macroinvertebrate communities will be in poorer health, subjected to 
adverse effects from much higher nutrient concentrations than should be allowed in order to 
protect them.  A protective approach requires setting stressor (TP, TN) criteria (thresholds) at 
concentrations below levels where beneficial biota begin to decline, rather than well within the 
concentration range where many of the population are gone. 
 
                     VIII.B.2.  The draft Narrative Translator allows questionable application of conductivity  
             data to further weaken the macroinvertebrate threshold in the Low Valley and  
             Transitional Zone  
 

Conductivity (or specific conductance sensu USGS 2019), an indicator of the overall ion 
content in stream water, can be considered as an indicator of water hardness which is dominated  

Figure 11.  Approaches to selection of stressor 
threshold criteria (here, TP) when potential 
responses of valued ecological attributes such as 
sensitive macroinvertebrate species are nonlinear 
with assimilative capacity for increases at low 
stressor levels (such as a logistic curve). The 
threshold should be established at a level that 
protects the valued ecological attribute. Arrows 
indicate TP criteria justified on the basis of the form 
of the stressor–response relationship. Shaded 
areas indicate the range of TP criteria that would 
be protective; the threshold should be set at a 
slightly lower TP concentration than at the first 
breakpoint. From Stevenson et al. (2008). 

Figure 12.  Logistic model - the 
recommended protective threshold for the 
stressor is indicated by X. The “midpoint” 
along the straight-line portion of the curve 
(X) would be much less protective. For 
example, if the valued macroinvertebrate 
attribute was sensitive species numbers, 
about half of the sensitive species would 
be lost at the higher nutrient stressor 
concentration coinciding with the 
“midpoint”.   



   38 
 

 
by calcium (Ca+2 ) and magnesium (Mg+2) (Mandel et al. 2011). These ions commonly adsorb 
soluble reactive phosphorus and form a precipitate that settles out of the water, thus decreasing the 
apparent proportion of TP that is available to algae and plants although the precipitated P may still 
be available to benthic primary producers.  Benthic algal nutrient responses and, indirectly,  
macroinvertebrate responses can be complicated or masked by conductivity.  To account for 
conductivity as a confounder, identified breakpoints or thresholds in conductivity should be 
identified statistically, averaged by region. 

 
For example, a study that included streams in ridge areas (Appalachian Mountains) as well as 

piedmont and coastal regions indicated that benthic microalgal nutrient responses in streams were 
only evident after records associated with marginal or poor streambank conditions and high 
conductivity were removed.  Macroinvertebrate nutrient responses were evident only after records 
with high conductivity, marginal/poor in-stream habitat quality, and also low dissolved oxygen 
were removed (Mandel et al. 2011). In that study, conductivity was found to be a strong predictor 
of macroinvertebrate metric scores; a first split (break) at the conductivity value of ~330 μS/cm 

Figure 13.  Mountains zone example:  Semi-log plot of the logistic model curve for the single 
metric model of  Beck’s Biotic Index versus TN concentration.  “Reference” (gray dots) and test 
(other streams - white dots) site values are indicated.  Modified from Schulte and Craine (2023, 
p.19) to provide more explanation, and to show TN concentrations on the log10 horizontal axis.  
The 1st and 2nd breakpoints are approximated by the blue square and red circle. Note the 
extreme scatter in the data and the low R2 value (0.31); see  Section VIII.B.2 of these comments 
for further explanation of R2 values. The same “midpoint” problem compromises the macro-
invertebrate community health index threshold for the Low Valleys & Transitional zone (see text). 
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best minimized the variance in Beck’s Biotic Index scores, and a lower conductivity value led to 
overall higher Beck’s Biotic Index scores.   
    

For the draft Narrative Translator, Schulte and Crane (2023) conducted a statistical analysis 
 of residuals for TN logistic models for each region. Residual variance (or unexplained or error 
variance) is defined as the variance of any error. The residual is the difference between the 
observed value (actual measurement) and the estimated value (via a model) of the quantity of 
interest (Sokal and Rohlf 2013) such as a sample mean or, for macroinvertebrates, the Beck’s Biotic 
Index v.3 score.  Schulte and Crane (2023, p.23) used the residuals as the response variable in 
individual “generalized additive models” (GAMs).  In the Mountains zone there was no apparent 
significant confounding influence of conductivity (that is, conductivity explained only about 20%   
or less of the residual variation). In the Low Valleys & Transitional zone (p.23), Schulte and Crane 
maintained that confounding from conductivity was 
more serious: “residuals decreased with increasing 
specific conductance (R2 = 0.25 to 0.26)”.    

 
The 20% value for the Mountains zone 

corresponds to an R2 of 0.20, so that value is very 
similar to R2 values of 0.25 to 0.26.  Thus, across 
Montana, conductivity appears to be a minor 
confounding factor; it explained only ~20 to 25% or 
less of the residual variation.   Simplistically, the R2 
value indicates “the explanatory power” (Schulte and 
Craine 2023, p.24) of a model in attempting to depict 
a given dataset reliably; it indicates how much of the 
variation in the data can be explained by the model.  
R2 values range from 0 to 1; generally, the closer the 
R2 value is to 1, the better the model fits the data—
this generalization may not apply to the specific 
dataset (see Low-Décarie et al. 2014), but conforms 
with Schulte and Craines’ stated interpretation.  The 
extreme scatter in these data (Figure 14) likely 
contributed to the low R2 value (0.25) in the analysis. 

 
The draft Narrative Translator and technical 

support document (MDEQ 2024b, pp.5-6) ignored 
the high scatter/uncertainty in the analysis of 
conductivity influence on Beck’s Biotic Index v.3 
across TN concentrations, the poor model performance, and the lack of clear break-point(s) in 
conductivity effects.   Schulte and Craine (2023, pp. 23-24) had noted that samples with conduc-
tivity below ~200 μS/cm in the Low Valleys & Transitional zone had “higher than expected” Becks 
Biotic Index v.3 values “than the threshold might indicate” (emphasis added). The draft Narrative 
Translator gives point source dischargers in the Low Valleys & Transitional zone the option to 
adjust the applicable Beck’s threshold (18.7) up (if natural background conductivity is ~210 μS/cm 
or less, for a “suddenly healthier” macroinvertebrate community, or down (if conductivity is ~210 
to 810 μS/cm).   

 
It merits mention that “natural background” conductivity is being altered by human 

influences in various rivers nationwide, including some rivers in Montana (e.g., Clark 2012, Kaushal 
et al. 2018).  That point is not addressed in the draft Narrative Translator or the technical support 
document (MDEQ 2024a,b), which tacitly assume that the measurement is natural background.  In 

Figure 14.  MDEQ’s (2024b) depiction, 
modified from Schulte and Craine (2023),  
of use of a residual analysis plot ostensibly 
“to identify” candidate adjustment values  
for Beck’s Biotic Index (v.3) across a TN 
gradient based on a given site’s “natural 
background” (i.e., simply measured) con-
ductivity. The line drawn by the “general 
additive model” poorly fits the data. 
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addition as explained above, across Montana conductivity explained ~25% or less of the residual 
variation in the Beck’s score.   It is doubtful that point source dischargers in higher-conductivity 
areas (> 210 μS/cm) will elect to decrease the macroinvertebrate response variable, as higher 
scores indicate a healthier macroinvertebrate community.   Adjustment to increase the Beck’s score 
by point source dischargers in lower-conductivity areas is poorly supported by the data and will 
further weaken protection of streams and rivers. 

 
VIII.C.  The draft Narrative Translator targets excessive thresholds  for diel DO variation 

 
The difference between the DO minimum and the DO maximum over a 24-hour (diel) period 

is referred to as the diel DO change, daily DO variation (“swing”), or DO delta (Δ).  Large changes in 
daily DO levels can negatively impact sensitive taxa (Whitworth 1968, Heiskary et al. 2013, 
McGarrell 2018).  Although DO concentrations in rivers can vary naturally over the course of a 
day/night cycle, large fluctuations in DO levels generally indicate excessive algal/plant growth due 
to nutrient pollution (Walling and Webb 1992, Morgan et al. 2006).  Nutrient pollution commonly 
increases the daily DO variation due to high oxygen production from major algal/plant blooms 
during the day followed by high respiratory demands of the algal/plant biomass and other 
organisms at night (Franklin 2014). The magnitude of the diel DO change is increasingly recognized 
as a key variable for stress conditions (Heiskary et al. 2013, Fusi et al. 2023, and references 
therein).  The problem with this response variable as used in the draft Narrative Translator is that 
the diel change chosen as the threshold number is much too high to protect the sensitive biota of 
Montana streams and rivers from stress, disease and death due to harmful diel DO variation.  
 

        VIII.C.1. Background:  three DO conditions are especially critical for sensitive aquatic  
         species   
 
Sensitive aquatic life such as trout species and the macroinvertebrate taxa they depend upon  

for food are the foundation of Montana’s lucrative recreational fishing/tourism industry. That  
industry is estimated at a value of ~$350 million per year, supporting 6,280 jobs (American 
Fisheries Society 2023).  At least five species of trout, introduced or native, inhabit Montana 
streams and rivers (brook - Salvelinus fontinalis; brown - Salmo trutta; bull - Salvelinus confluentus; 
cutthroat  - Oncorhynchus clarkii; and rainbow - 
Oncorhynchus mykiss).  While most occur in the 
Western and Transitional ecoregions designated 
by MDEQ, the range for rainbows and browns 
(less so) extends to the Eastern ecoregion, and 
cutthroats historically were there (Mt.gov 
2024b).  These sensitive, ecologically and 
economically important species need substantial 
oxygen throughout the day and night in order to 
thrive (Table 4).  They require clean, well-
oxygenated water for all stages of their life 
histories, from eggs and developing embryos to 
spawning adults (e.g., Davis 1975, Dean and 
Richardson 1999).    
 

State standards for DO to protect  
freshwater aquatic life in most Montana waters is 
> 5 mg/L as a 7-day mean minimum if early  
life history stages are present, and > 3 mg/L for  

Table 4.  Summary of U.S. EPA (1986) DO 
thresholds (mg/L, independent of temperature) 
associated with differing levels of production 
impairment in trouts and other salmonids.   
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other life history stages (Table 5).  Hypoxia refers to minimal range of ~0.1 to 3-4 mg/L, which can 
cause stress and disease for aquatic organisms; anoxia refers to the absence of oxygen (often 
considered as < 0.1 mg/L in aquatic field conditions).   
 

 
 
In addition to having  at least the minimum necessary DO, two other DO conditions are 

important for sensitive aquatic life:  avoidance of supersaturation and avoidance of large diel DO  
variation. Water is supersaturated with DO if, at a given temperature, more oxygen is present than  
would be if the water was in equilibrium with the overlying air.  Supersaturation commonly 
develops when plant/algal photosynthesis produces oxygen too fast to equilibrate with (move into) 
the overlying  air (YSI Environmental, Inc. 2006).  Algal/plant DO production is usually highest 
during mid- to late afternoon, with maximal DO concentrations at ~18-20 mg/L (Sand-Jensen 1989, 
Frodge et al. 1990, Gammons et al. 2011). DO saturation  at 125% or higher, coinciding with DO 
concentrations higher than ~10 mg/L in warm summer conditions, is considered harmful because  
it can cause fish disease (Pleizier et al. 2020). 
 

The maximum diel DO variation that is appropriately protective of aquatic life varies 
depending on the size of the stream, its flushing rate, and its temperature and light regimes.  
Experiments to study diel DO swing effects on the biota of rivers (nonwadeable, larger streams)     
in north temperate waters are generally lacking because it is difficult to mimic the simultaneously 
changing conditions of unidirectional flow, light, temperature, and substrata (bottom mud, rocks 
etc.) (Izagirre et al. 2007).   
 

A more realistic approach has been to develop a strong database that includes nutrient 
concentrations, algal and/or plant biomass as appropriate, and metrics for fish and macroinverte-
brates.  Using such a database for medium to large Minnesota rivers, Heiskary and Markus (2003) 
reported that measures of fish and macroinvertebrate community quality showed stronger 
negative correlations with daily DO variation than minimum DO concentrations.  Heiskary et al. 
(2013) reported that the total number of macroinvertebrate taxa generally remained between the 

Table 5. Montana’s freshwater aquatic life standards for dissolved oxygen in mg/L. Note that 
designated uses for Class A-1 waters and Class I waters do not specifically mention salmonids.  
Designated uses for Class B-1 and C-1 waters include growth and propagation of salmonids 
and associated aquatic life. Designated uses for Class B-2 and C-2 waters include growth and 
marginal propagation of salmonids and associated aquatic life. From MDEQ (2019). 
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25th (poor quality) and 75th percentiles (good quality) at maximum diel DO variation that was 4 
mg/L or less.  As the diel DO variation increased above 4 mg/L, desirable fish species dramatically 
declined or were locally extirpated.  Models used to predict the diel DO swing from TP indicated 
that macroinvertebrate species richness was not adversely affected at a maximum diel DO swing < 
3.5 mg/L for rivers of central Minnesota (where waters are moderately affected by nutrient 
pollution), and at < 4.5 mg/L in the “western corn belt” region of southern Minnesota (character-
ized by high nutrient contamination and mostly pollution-tolerant species). 
 

Miltner (2010) assessed 109 lotic sites in a much more nutrient-rich state, Ohio, mostly in 
wadeable streams but also including 19 sites in large rivers.  The sites varied widely in dissolved 
inorganic N (that is, nitrate + tNH3: 0.088 to 8.244 mg/L, median 0.770 mg/L) and TP (< 0.010 to 
1.715 mg/L, median 0.051 mg/L). Benthic algal biomass indicated that they were substantially   
more enriched than Montana streams: the median benthic chla was 190 mg/m2 (maximum 856 
mg/m2).  The change point for the diel DO variation relative to benthic algal abundance occurred     
at 182 mg /m2.   Benthic chla at sites with nutrient concentrations below the change points     
averaged about 130 mg /m2; sites above the nutrient change points averaged 213 mg/m2.    

For the Ohio streams and large rivers included in the study, Miltner’s (2010, p.11) analysis 
indicated that a diel DO change of 6.0 mg/L would have carried “a significant risk of minimum 
concentrations falling below the established water quality standard of 4.0 mg/L”—that is, a diel Δ  
DO of 6.0 mg/L or more was too high to protect good-quality streams from violating the Ohio DO 
standard of 4 mg/L.  Less than that value “tended” to maintain the minimum average daily water 
quality standard of 5.0 mg DO/L.  

 
Nearly half of Ohio is in EPA’s Eastern Corn Belt Plains nutrient sub-ecoregion, characterized 

by extensive corn, soybean, and livestock production that has affected stream and river water 
quality (U.S. EPA 2000e). There are ~1.1 million people in Montana versus ~11.8 million people in 
Ohio, with a population density of 288.8 people per square mile in Ohio vs. 7.4 people per square 
mile in Montana (U.S. Census Bureau data from 2020, Cook 2024).  There are about half as many 
cattle in Ohio as in Montana (1,250,000 vs. 2,160,000, respectively; Cook 2024).  Montana’s much 
larger area translates to 31 cattle per square mile drained by Ohio streams vs. ~15 cattle per square 
mile drained by Montana streams....Yet, despite these realities, MDEQ matched Miltner’s (2010) diel 
change value of 6 mg/L—MDEQ set its non-protective diel DO Δ threshold of 6 mg/L for streams 
and rivers draining the Eastern region, affecting more than half of Montana.  The analysis below 
considers the state from west to east. 

 
        VIII.C.2. The draft Translator’s excessive threshold for diel DO variation will harm sensitive 

aquatic life in Western and Transitional ecoregions   

The draft Narrative Translator (Table 2-4) assigns these waters a threshold of 3.0 mg/L as a  
weekly average.  These values can be exceeded in 10% of measurements for streams in the 
Transitional ecoregion.  The maximum diel change over the weekly period is of most concern with 
respect to protection of sensitive biota. However, the draft Narrative Translator uses the average 
weekly diel change. That non-protective step will allow higher, harmful diel DO Δ values and select 
for more stress-tolerant aquatic species (Maasri et al. 2019), to the detriment of sensitive beneficial  
aquatic life that characterize many Montana surface waters. 

 
MDEQ (Suplee 2023) described statistical changepoint analysis of seven different macro-

invertebrate metrics.  Biotic indices combining species richness and abundance of sensitive or 
sensitive and tolerant taxa have been found to be more successful in reliably representing 
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ecological changes among sites and effects of human-related stressors such as nutrient pollution in 
rivers (Reynoldson et al. 2001) and other aquatic systems (Oertli et al. 2008, Odoutan et al. 2019). 
Among the seven metrics, five were individual and two (Beck’s Biotic Index v3, and the Hilsenhoff 
Biotic Index) were indices that each combined various metrics.  Beck’s Biotic Index v3 had been 
identified as strongly correlated with TN and TP concentrations, that is, most responsive to causal 
eutrophication variables (Schulte and Craine 2023).  That was the index of choice used by MDEQ 
(2024a, Table 2-4) to assess macroinvertebrate community health in its draft Narrative Translator, 
and two Beck’s Biotic Index values were included as response variable thresholds.  Beck’s was also 
most strongly related to the average weekly diel DO Δ; variation in the diel DO Δ explained 76% of 
the variation in the macroinvertebrate scores from this index.  Yet, it was not emphasized by MDEQ.   

Beck’s Biotic Index v3 yielded the lowest average weekly diel DO Δ threshold, 1.5 mg/L, 
which would have been the most protective among all changepoints for macroinvertebrate metrics.  
Second/third lowest were the percentage of intolerant (highly pollution-sensitive) taxa, and the 
Hilsenhoff Biotic Index of macroinvertebrate diversity, each with an average weekly diel Δ DO 
changepoint of 2.75 mg DO/L.  Rather than emphasizing these macroinvertebrate metrics, MDEQ 
simply averaged the changepoints from all seven metrics—Suplee (2023) used the “midpoint”  
(here, the average, 3.1, rounded to 3) of the average 7 threshold numbers from Table 3-1A.   

MDEQ then compiled available literature that had “identified DO Δ thresholds protective of 
stream aquatic life” into Table 5-1B, beginning with the Ohio study by Miltner (2010), inappropriate 
for comparison to Montana streams as described above (Ohio has more nutrient-rich watersheds 
with very high benthic algal abundance and very high diel DO Δ threshold). The values or midpoint 
ranges in the last column of Table 5-1B were simply averaged, with the statement that “Collectively, 
the data in Table 5-1B suggest a DO Δ value bracketing 3.0 is appropriate”.   

Scrutiny of the information in Table 5-1B reveals other non-protective actions.  MDEQ’s 
“average” diel DO Δ threshold assigned in its draft Narrative Translator to low-gradient streams of 
Western/Transitional Montana considered eight entries in Table 5-1B:    

 The first entry was the Ohio study described above, of streams and large rivers draining more  
nutrient-rich watersheds with average benthic algal biomass much higher than that in most 
Montana streams.  MDEQ misstated that the 6 mg/L changepoint value from Miltner (2010)   
was protective, and used the 3 mg/L “midpoint” from it.  As explained above, the study author  
Miltner (2010) instead described it as associated with “a significant risk of minimum DO 
concentrations falling below the minimum DO standard of 4 mg/L”.  
 

 As the second entry, MDEQ inaccurately described work on Minnesota streams and rivers as  
having yielded a diel DO Δ threshold of “3.0 to 3.5” mg/L from areas similar to those drained 
by low-gradient streams in Western/Traditional regions of Montana.  The inaccurate 
description allowed MDEQ to use a much higher value (less protective, 3.25 mg/L) as a 
midpoint/average threshold from the study, when the actual threshold value from Beck’s 
Biotic Index v3 (average weekly diel DO Δ) was 1.5 mg/L as explained above.   
 
The study cited by MDEQ, Heiskary and Bouchard (2015), was taken from Heiskary et al. 
(2013), wherein a threshold diel DO Δ criterion of < 3.0 mg/L was assigned to Minnesota’s 
North River Nutrient Region (RNR).  Minnesota’s nutrient ecoregions are distinct in basic 
characteristics from those in Montana (Figure 15). The North RNR in north central/north-
eastern Minnesota is the least nutrient-polluted area of that state and consists of two U.S. EPA 
level III ecoregions, 49 and 50 within aggregate ecoregion VIII.  Minimally impacted conditions 
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(25th percentile of all-streams data) for streams and rivers in the North RNR were reported at 
330-690 µg TKN/L and 12-40 µg TP/L across the two level III ecoregions (U.S. EPA 2001c).  
Streams and rivers in Western/Transitional Montana nutrient ecoregions (level III 15-17, within 
aggregate ecoregion II) were more pristine than those of northern Minnesota (also supported 
by Smith et al. 2003).  Minimally impacted conditions in the Montana streams and rivers were 
reported at 50-190 µg TKN/L and 8-15 µg TP/L across the three level III nutrient ecoregions 
(U.S. EPA 2000c,d; 2001b).  

 

 
 
 MDEQ (Suplee 2023, p.22) stated that the Central RNR area was also a “close physiographic 

analog” to low-gradient areas in Montana’s Western/Transitional ecoregions.  This is wrong.     
In fact, the Central RNR of Minnesota contains the Minneapolis/St. Paul metropolis with nearly   
three million people, and was described by Heiskary et al. (2013) as follows:    

The Central RNR land use percentages are distinct from those of the North 
RNR, which are dominated by forested and wetland (water) land use. 
Because of differing soils, landform, and landuse, streams draining the 
Central RNR...are more nutrient-rich than North RNR streams....TP threshold 
concentrations... averaged 140 µg/L.... 

Figure 15.  Upper) Aggregate ecoregions based on geology, land use, ecosystem type(s), and 
nutrient conditions.  From Omernik (2000). Lower) Level III ecoregions in the U.S. mainland, 
showing ecoregions of Montana that are distinct from those of Minnesota.  Modified from 
Woods et al. (2002). 
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Minnesota’s environmental agency eventually assigned the Central RNR a threshold TP water 
quality eutrophication criterion of < 100 µg/L, still much lower than the excessive values for    
the Transitional ecoregion - Northwest Glacial Plains (TP 266 µg/L) and the Eastern ecoregion 
(TP 150 µg/L) in the draft Narrative Translator (see Table 2 of these comments) Minnesota’s 
environmental agency eventually assigned the Central RNR a threshold TP water quality 
eutrophication criterion of < 100 µg/L, still much lower than the excessive values for  the  
Transitional ecoregion - Northwest Glacial Plains (TP 266 µg/L) and the Eastern ecoregion 
ecosystems (TP 150 µg/L) in the draft Narrative Translator (see Table 2 of these comments).   
 
Physiography refers to an ecoregion framework, wherein a region is divided in units with 
similar soils, natural vegetation, climate, structural/bedrock geology, land use, hydrology, and 
glacial history (Omernik 1987).  The U.S. EPA (2000a,b) used this approach to develop its 
nutrient ecoregions.  Suplee and Watson (2013, pp. 3-18 to 3-19) suggested that the Eastern 
region of Montana is similar physiographically to the central and southern regions of 
Minnesota because both are glaciated plains. Suplee (2023, p.22) referred readers to a U.S. EPA 
(2006) map of EPA Level III ecoregions, which does not support MDEQ’s contention that the 
Montana low-gradient Western/Transitional areas are a close physiographic analog to 
Minnesota’s Central RNR areas (in clarification, Suplee et al. 2023, p.22 referred to the Central 
RNR by the two sub-ecoregions, the Central Hardwood Forests and the Drift Area, that 
comprise it).  
 
Montana and Minnesota do not share any level III ecoregions or even any aggregate level II 
ecoregions (Figure 15).  Glaciers previously affected distinct lands in the two states in terms of 
topography, geology, soils, land uses, nutrient regimes etc. (see U.S. EPA 2000a,b).  Moreover,  
as explained (Table 2, footnote g), the draft Narrative Translator assigns a substantially higher 
TP threshold (150 µg/L) for Eastern region wadeable streams and medium rivers, taken from 
the more nutrient-contaminated South RNR which consists mostly of the Western Corn Belt 
Plains. Most of the South RNR is much more nutrient-contaminated than Montana’s low-
gradient Western/Transitional ecoregions (Omernik 1987, Heiskary et al. 2013). 
 

 The third and fourth entries were from Suplee’s (2023) changepoint analysis of the 7 macro-
invertebrate metrics in Part 1-A of the report.  The first entry was the actual range of the 
changepoint thresholds for diel DO Δ, 1.5 (Beck’s) to 3.9 mg/L, yielding a midpoint of 2.7, mg 
DO/L.  The second is the actual average of the 7 metrics, 3.1 mg/L.  This is basically counting    
the same data twice.  In either MDEQ approach, the low, more protective values from Beck’s 
Biotic Index v.3 and the Hilsenhoff Index are de-emphasized and “diluted” by the much higher 
numbers of the other metrics. 
 

 The remaining four metrics repeated use of the same data—the full dataset described in Suplee 
(2023). The fifth is the range of diel DO Δ thresholds from statistically modeled line relation-
ships (2.36 to 4.58 mg DO/L, with a midpoint of 3.47 mg/L); the sixth is the actual average of 
those same thresholds (3.2 mg DO/L). There was no explanation as to why both the actual 
average and the midpoint range were included and then used in the overall table average. In 
both cases, Beck’s and HBI thresholds from other sources were used. The other sources were 
not identified, so readers have no way to assess whether the streams and rivers studied 
(assumed to have been in locations outside Montana) are similar to those of Montana.  
 
MDEQ also did not explain why this exercise was performed when Beck’s and Hilsenhoff Biotic 
Index information for the Montana streams of interest were/are available. It is also 
unacceptable for index values to have strongly influenced MDEQ’s analysis, when those values 
were taken from inappropriate other sources such as more nutrient-degraded Ohio streams.  



   46 
 

The seventh and eighth metrics repeated this exercise for a (apparently the same) reduced 
dataset summarized in Suplee (2023).  Considering that the reduced dataset was included in 
the full dataset, the reduced dataset apparently was used in four of the eight entries of average  
weekly diel DO Δ threshold values.  
 
If the Ohio study (Miltner 2010) is excluded as appropriate; if the correct threshold is used  
from the Minnesota work (for the North RNR - diel DO Δ of < 3.0 mg/L, excluding the Central 
or South RNRs); and if actual averages rather than midpoints of averages are used for the 
Montana data—then the overall average or grand mean of the averages (that is, the grand 
mean of the weekly average diel DO Δ threshold values) would be 2.8 mg DO/L.  That value is 
closer to the Hilsenhoff Biotic Index value of 2.7 mg/L and the sensitive (EPT) macroinverte-
brates value of 2.7 mg/L, but still considerably higher than the Beck’s Biotic Index v.3 
threshold of 1.5 mg DO/L that was determined for low-gradient wadeable streams and 
medium rivers in the Western and Transitional ecoregions. 

 
Surface waters in the Western and Transitional ecoregions are historically oligotrophic 

(explained above).  The 4.1 mg/L diel DO Δ value in the draft Narrative Translator for the upper 
segment of the Yellowstone mainstem is substantially higher than the diel Δ threshold criterion for 
the relatively pristine North River Nutrient Region of Minnesota (Heiskary et al. 2013). This 
Yellowstone River segment is still among the best trout streams in the U.S., and supports many 
pollution-sensitive species such as the Yellowstone cutthroat trout (Montana Angler 2024).   

        VIII.C.2. The draft Translator does not provide protection from excessive diel DO variation 
for Eastern region streams - 

The draft Narrative Translator assigned these waters an excessive threshold average weekly 
diel DO Δ value of 6.0 mg/L from Ohio streams (Miltner 2010), unacceptably high as explained 
below, as a weekly average.  It can be exceeded in 15% of measurements for streams in the Plains 
Ecoregion. As for the Western/Transitional ecoregions, the weekly average value is not what 
threatens the health and survival of sensitive beneficial biota in Plains streams. They are most 
stressed by the maximum diel DO change encountered over a 24-hour period during that week.  
From a protective stance, the maximal diel DO change should be used rather than averages. 

 
The steps MDEQ used to choose its excessive diel DO Δ threshold for the Plains streams and  

rivers were described as follows:  First, MDEQ (Suplee 2023, p.28) vaguely described a regression-
trees modeling effort (“The datasets comprise three model categories—predictor variables, pure 
response variables affected by stressors or mitigators, and variables that can behave as either...in       
a potential ‘dual’ role”).  MDEQ relied upon an analysis by the Great Lakes Environmental Center 
(GLEC 2020, 2021).  The GLEC work indicated that low-level watershed disturbance and drought 
conditions (that is, absence of drought for prolonged periods) were the most consistent predictors 
for optimal stream DO conditions, and that “summary measures of DO (average per week) were the  
most stable” (Suplee 2023, pp.38-41).   
 

As MDEQ’s explanation for why average diel DO Δ values per week had been selected as the 
metric, these statements are misleading for two reasons:  First, while averages may provide the most 
stable modeling results, sensitive aquatic species do not encounter average or stable conditions 
when they are stressed by high diel DO variation.  Averaging obscures the maximal diel DO variation 
that would be expected to stress aquatic life the most.   

 
Second, MDEQ (Suplee 2023) invoked “low level of watershed disturbance” as a consistent 

predictor for optimal stream DO.  MDEQ’s selection of the percent allowable exceedance frequency 
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for the diel DO variation threshold was based on reference sites with less than 16.3% of the 
watershed in managed lands, defined as agricultural land uses as pasture/hay/livestock, cultivated 
crops, and introduced upland vegetation - annual and biennial forb lands.  MDEQ provided no clear 
explanation or information about impacts from that percentage, specific to the tenth of a decimal 
point, on stream or river water quality and biota.  Suplee also gave an even less credible example 
wherein the “low level of disturbance” used in the GLEC model was up to fully one-third of 
watershed land use in agriculture. 

 
Such percentages of watershed lands in agricultural use do not equate to a “low level” of 

disturbance.  They can cause major adverse changes in aquatic communities, especially if the 
agricultural croplands or livestock grazing are close to the stream or river (Strayer et al. 2003, 
Waite 2013, Hughes and Vadas 2021).  GLEC (2021), which produced the decision tree/modeling  
of diel  DO Δ for the MDEQ data, included “near-field” watershed land cover as a fixed-effect 
predictor in its model, defined as the area within a 100-meter-diameter circular buffer around a 
central point in the mainstem stream or river.  Thus, near-field area would have included the 
riparian area adjacent to the waterbody.  According to GLEC (2021, Table 1, last line), nearfield 
disturbed land cover contributed as much as three-fourths (76.3%; average ~one-fourth) of the 
near-field areas along streams and rivers in central/eastern Montana.  Riparian buffers are poorly 
protected in  most states (Merrill 2015). In Montana their protection is mostly left to local 
governments (Ellis and Richard 2008). 

 
The GLEC analysis of MDEQ data, relied upon by MDEQ in choosing the draft Narrative 

Translator’s diel DO variation threshold for Eastern (Plains) wadeable streams and medium-sized 
rivers, indicated that streams in watersheds with that defined “low” land disturbance (actually 
substantial as explained above, including areas adjacent to streams and rivers) were characterized 
by average weekly diel DO Δ values ranging from 2.74 to 6.19 mg/L.  Average weekly diel DO Δ 
values above ~3.5 to 4.0 mg/L have been shown to cause the loss of sensitive beneficial aquatic 
species (e.g., Heiskary et al. 2013).  MDEQ did not select the low end or near the low end of that 
range, 2.7 (~3) mg/L, which would have afforded more protection of sensitive species.  Instead, 
MDEQ selected the 6.0 mg/L value, close to the maximum (most non-protective) value in the range.   
 

The GLEC analysis indicated that if “low intensity” drought conditions persisted more than  
six weeks, the average weekly diel DO change could increase to an average of ~8.5 mg/L, and 
drought alone could statistically explain that increase.  GLEC modeled the number of days per week 
that the diel DO change could be predicted to exceed 5.3 mg/L.  Not surprisingly (Fig. 2-5), there 
were fewer exceedances (1.6 per week on average) if 33% or less of the watershed land area was 
managed than if more was managed. Where managed lands comprised 1/3rd or less of the 
watershed, the lowest number of exceedances of 5.3 mg DO/L occurred in stream segments with 
low macrophyte abundance (1.3 exceedances per week on average; higher macrophyte abundance 
was linked to 2.4 exceedances per week on average). From that information, MDEQ (Suplee 2023, 
p.42) concluded that even Plains streams in “undisturbed” watersheds during non-drought periods 
would exceed an average weekly diel DO Δ of 5.3 mg/L 1-2 days per week.  The GLEC analysis 
(Figure 2-2)  also indicated that during higher-precipitation periods (“wetter”, that is, absent 
drought), Plains streams draining watersheds dominated by managed lands had an average weekly 
diel DO change  of 5.3 mg/L, which MDEQ had previously used as a threshold in management 
decisions.   
 

Assessment of diel DO Δ for Plains reference streams indicated that 90% of daily DO Δ values 
from reference sites were below 5.3 mg/L.  Recall that a diel DO Δ of 4.5 mg/L or more has been 
shown to be detrimental to sensitive aquatic macroinvertebrates (Heiskary et al. 2013). Yet, rather 
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than developing a protective threshold criterion, MDEQ interpreted the “90% below 5.3 mg/L”  
finding to mean that the selected diel DO Δ threshold could exceed 5.3 mg/L.  Suplee (2023) then 
used mostly classified C-3 streams (other than one stream classified as B-2 - see Table 5 above) in      
a linear regression of the average weekly DO minimum versus the average weekly delta DO Δ (see  
Figure 16).  MDEQ’s figure shows major scatter in the data, and an R2 value of only ~26%,  
suggesting that the relationship was weak. Also, there appears to be a fairly clear breakpoint of   
~4.6 mg/L, the edge of a cluster of points above the gray bar and to the left of that value. 
 

Both the minimum DO (5 mg/L) and the diel DO variation are important for stream biota 
health.  MDEQ’s figure does not support MDEQ’s assertion that “The modeled relationship shows 
that if a minimum of 5 mg/L is to be maintained, weekly average DO Δ should be held to about 6 
mg/L”.  It shows instead that if a minimum of 5 mg/L is to be maintained, weekly average DO Δ 
should be held to  ~1.9 mg/L (light blue dashed line in Figure 16).  The figure also does not show  
or suggest a clear breakpoint at about 6 mg/L—and that should not have been decided “visually”  
by MDEQ.   Suplee (2023) invoked the Ohio study described above (Miltner 2010) in support of 
MDEQ’s chosen 6 mg/L threshold for the Eastern region of Montana in the draft Narrative 
Translator. As explained, however, Ohio waters are markedly dissimilar from Montana streams and 
rivers in key traits.  Unlike MDEQ, Miltner (2010, Fig. 3b) used a log-log linear relationship between 
a variable (minimum daily DO) to calculate diel DO Δ and the corresponding daily diel DO Δ, based 
on rigorous least-squares regression statistical analysis. Miltner (2010, p.9) also based his analysis 
on the following fact:  
 

..it is the strength of the circumstantial case between nutrients and 
biological condition that should be judged, rather than a partial r2 value. 
Clearly, benthic chlorophyll levels in this study were largely a function of 
concentration and light, DO regimes were clearly related to benthic 
chlorophyll levels, and macroinvertebrate condition was unequivocally 
influenced by DO. 

Miltner (2010) conducted a suite of statistical analyses emphasizing stressor/response 
relationships, including diel DO variation, nutrients, and other stressors. He identified breakpoints 
using statistical changepoint analysis, and defined meaningful changepoints as those that result in 
protecting and maintaining beneficial aquatic life uses.  In his Ohio study, only 13% of the amount 
of variance in fish or macroinvertebrate indicators was explained by minimum DO.  In contrast, 
MDEQ simply correlated diel DO variation with the state’s minimum DO standard. MDEQ’s inflated 
diel DO Δ threshold is unsupported based on the information presented, absent rigorous statistical 
analysis of how the stressor affects valued ecological attributes such as macroinvertebrate com- 
munity condition (e.g., protective application of Beck’s Biotic Index v.3 -̶  see Section VIII.B above).    
 

The Conclusions in Suplee (2023) first conveyed concern for aquatic life by mentioning to 
readers that “the frequency of high DO change values [emphasis added] has been found to be a 
primary determinant of disease in fish”.  MDEQ then advised against being too protective: 

 
                   It is important to ensure the DO change threshold is not exceeded too 
                   often but,  also, it is important to ensure that otherwise healthy streams 

are not judged to be  impaired when they are not.  
 

MDEQ failed to mention that using weekly average values obscures the frequency of higher daily  
DO Δ values that stressed biota must survive, and that its inflated chosen threshold value will surely  
avoid any possible “over-protection” of beneficial aquatic life.  Suplee (2023) did recommend the 
inflated 6 mg/L threshold for application to Eastern ecoregion streams and rivers during drought    
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Figure 16. Modified Figure 2-6 from Suplee (2023), showing a regression of the average weekly DO 
minimum  versus average weekly DO Δ:  a) The brown box outline indicates the area included by 
MDEQ, up to 6 mg/L average weekly diel DO Δ (thick dashed red line). That value is increased from 
MDEQ’s previous value of 5.3 mg/L (thin red dashed line). Neither non-protective MDEQ value is an 
apparent changepoint.  b) The blue box shows the right edge of the tightest clump of data points (blue 
dashed line) at ~4.6 mg/L, the apparent changepoint (visually rather than statistically estimated). The 
light blue dashed line at about 2.9 mg/L indicates the average weekly DO Δ that avoids most weekly 
DO minima below 5 mg/L. The approximate estimate of the changepoint underscores the need for 
rigorous statistical analysis. More fundamentally, MDEQ’s diel DO Δ response variable should not 
emphasize minimum DO, the state’s minimum DO standard.  It should be based   on stressor-
response variable relationships and an approach designed to protect sensitive, economically/ 
ecologically valuable aquatic life, as explained in these comments.  
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as well as non-drought conditions, albeit exacerbated by including a 15% allowable exceedance 
frequency (see Section IX of these comments).  Droughts are expected to be exacerbated by rising   
temperatures from climate change (Cross et al. 2017).  Yet, the draft Narrative Translator does not  
apply any response variable threshold to Eastern region streams and rivers during droughts, when 
sensitive beneficial aquatic life are most vulnerable to adverse impacts from high diel DO variation.   
Clearly, the draft Narrative Translator will not protect the designated aquatic life use of Montana 
streams and rivers in the Eastern region from impairment due to nutrient pollution. 
 
IX. The biological damage from use of excessive thresholds in the draft Narrative  
      Translator is exacerbated by allowing that the narrative standard is still met even 
      with a high percentage of exceedances. 
 

The exceedance frequency basically provides a measure of the risk of losing a valued 
attribute.  High variation in nutrient and response variable levels characterizes stream and river 
environments (Hynes 1970).  The U.S. EPA (2002) has recommended that for various pollutants, 
once protective criteria are set, exceedance rates within the range of 10-25% will protect beneficial 
uses.  In contrast, after establishing weak (non-protective) criteria, MDEQ allows these weak 
criteria to be violated frequently without adequate sampling to assess compliance , and without 
requiring regulatory action.   

 
Variance is expected around MDEQ’s threshold values. For example, Suplee et al. (2011, 

Figure A4-1, Clark Fork River) shows an increase in exceedance frequency for both benthic algal 
biomass as chla and TP concentration.  Based on those data, even the sites with lowest TP or TN 
concentrations and lowest nutrient exceedance frequencies frequently sustained benthic algal chla 
higher than the 150 mg/m2 threshold, translating to impairment of the valued attribute, desirable 
aesthetics for recreation.  These exceedances also translate into potentially harmful DO conditions 
for beneficial aquatic life.  The draft Narrative Translator instead uses that maximum chla level, 150 
mg/m2, as acceptable.  MDEQ does not even require that excessive number to be met more than 
80% of the time.  MDEQ’s allowable exceedance frequencies for TN and TP exacerbate this weak 
protection for the designated uses of Montana wadeable streams and medium rivers (allowable 
exceedance rate 20% for wadeable streams, medium rivers, and large rivers).   

 
Reviewer #3 in Suplee and Watson (2013) noted that the 20% frequency was based on 

analysis of one river, Clark Fork, and may poorly apply to other waters of the state. Suplee et al. 
(2024, Appendix B) revisited the exceedance frequency issue, still using only Clark Fork River data.  
The rationale given for use of a subset of data from a single river versus multi-rivers data for the 
analysis was that multi-rivers data were “not readily available” (Suplee et al. 2024, p.38). As MDEQ 
has robust dataset for various rivers in the state, why were those date not used? And, why were the 
data selected for use nearly two decades old?  The analysis below shows that MDEQ did not focus on 
minimally impacted conditions in the Clark Fork either; rather, they were de-emphasized in favor of  
a much higher exceedance percent that indicated by the data. 

 
 In a revisited analysis of exceedance, Suplee et al. (2024, p.38) acknowledged that MDEQ 

previously had not tested whether the magnitude of the TN and TP criteria on the Clark Fork River 
had been accurately determined. That key assumption has been questioned regarding the inflated  
TN and TP thresholds in the draft Narrative Translator for rivers in sub-ecoregions across the state 
(see Table 2 of these comments).  Suplee et al. asserted, as a second key assumption, that the 
benthic chla criterion of < 150 mg/m2 (site mean per sampling event) protects beneficial uses.  That 
assumption is invalid as explained above; the benthic chla criterion of 150 mg/m2 protects recrea-
tional uses but does not protect the more sensitive aquatic life use.  Suplee et al. (2024, p.38) stated 
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that “If all these assumptions hold true, then reasonable exceedance rates can be derived and used 
as a case study”.  At least one key assumption does not hold for the more sensitive designated use.  
Another is questionable and should be tested.  Therefore, the revisited exceedance analysis is  
unreliable in its present form. 

 
Suplee et al. (2024) described a “clear separation in the consistency of compliance with the 

river’s numeric nutrient standards” for TN and TP, but MDEQ then obscured that separation. In a 
study assessing compliance, the grand mean benthic chla for quality sites that consistently did not 
exceed MDEQ’s 150 mg/m2 threshold for benthic chla was much lower (68 mg/m2; median 52 
mg/m2, or about 1/3rd of MDEQ’s chosen threshold) (Table 6).  Of six exceedance percentages (3 
each for TN and TP), only 1 value (1 site, TN, 24.1%) was above ~10% exceedance for TN, and TP 
exceedance percentages were ~5% or less.  Based on the minimally impacted conditions of these 
streams, the acceptable average exceedance should be < 15% for TN (mean 11.5%, median 10.2%)  
and < 10% for TP (mean 3.6%, median 3.8%), considering the U.S. EPA’s (2002) guidance from a 
protective standpoint.  Three other sites consistently exceeded the benthic algal chla criterion, also  
with TN and TP exceedances at 50% or more in 5 of 6 cases (Table 6). 
 
 
Table 6. Comparison of the seven sites used by Suplee et al. (2024, Appendix B) in MDEQ’s more recent 
analysis of acceptable exceedance percentages, considering a ~two-decades-old 9-year dataset for 6 
sites on the Clark Fork River (1998-2006). A 7th site was described as “borderline” (mean chla 144 mg/m2 
but median and range not given; exceedance ~31% and 68% for TN and TP samples, respectively). 
____________________________________________________________________________________ 
 
Site                   Benthic Chla (mg/m2)    % Exceedance    % Exceedance  
                               grand mean (median)    of TN criterion     of TP criterion 
____________________________________________________________________________________ 
 
Consistently did not exceed the Chla Criterion 
1              35   (20)            10.2                   5.4 
2              72   (52)             24.1             3.8 
3              96   (80)              0.1             1.5 
 
     Grand mean 68   (52)            Overall (both TN and TP): grand mean 7.5%; 
                median 4.6%; range 0.1 to 24.0% 
 
Consistently exceeded the Chla Criterion 
1            189   (147)           77.0           50.0 
2            163   (117)           52.0           88.0 
3            197   (181)           50.4           27.7 
 
               Grand mean 183   (147)            Overall (both TN and TP): grand mean 57.5%; 
                median 51.2%; range 27.7 to 88.0% 
_______________________________________________________________________________________________________________ 
 

Yet, Suplee et al. (2024, p.38) chose to emphasize exceedance percentage ranges—the highest 
exceedance percentage for either nutrient in the high-quality streams, and the lowest exceedance 
percentage in the degraded segments—rather than means or medians: 

 
Note that an exceedance rate of as much as 24% does not result in excess  

           benthic algae in some cases (1 site).  On the other hand...an exceedance rate 
of as little as 27.7% can result in non-compliance (1 site)....Thus, an 
exceedance rate around 25% probably represents a threshold; if about 25%  

                    of the dataset exceeds the nutrient criteria, then there are roughly equal 
   odds that the site could have nuisance algae (or not). 
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Here MDEQ non-protectively emphasized the maximum exceedance rate (1 of 6 values, 
~24%) for high-quality stream segments that actually had 5 of 6 exceedance percentages at ~10%  
or (much) less.  Suplee et al. (2024, p.38) wrote that the 24% exceedance applied in “some cases” 
although it occurred only at 1 site for 1 nutrient, TN; the other (five) much lower exceedances for 
TP were overlooked.  MDEQ then did the opposite for the degraded stream segments: 5 of 6 
exceedance percentages were 50% or higher, but Suplee et al. emphasized the 1 value that was 
~28%.  From there, Suplee et al. described an exceedance rate of ~25% as “probably” representing 
a “threshold”, although the data do not indicate a threshold. 
 

Suplee et al. stated that “Given ~50% is certainly too high of an exceedance rate..., ~10% is 
probably too restrictive, and 25% is borderline, it is recommended that a nutrient exceedance rate 
be set to 20%.”  However, the analysis indicates that 10% is not too restrictive for the minimally 
impacted stream segments in the analysis.  In fact, an average of ~5% TP exceedances would not 
have been too restrictive, based on the data.  MDEQ’s approach here, as elsewhere in the draft 
Narrative Translator, will allow stream and river segments minimally impacted by TN and TP 
pollution to “degrade up”. 
 

MDEQ’s stated intent was to estimate “a protective nutrient criteria exceedance rate”, but     
its action will instead allow more degradation from nutrient pollution.  Other scientifically 
unsupported allowable exceedance percentages in the draft Narrative Translator were those set   
for weekly average diel DO Δ (10% in the Transitional ecoregion; 15% in the Plains region as 
mentioned above; and an unspecified exceedance rate for Big Spring Creek, the only spring creek 
that was assigned a diel DO Δ response variable threshold).   

 
Overall, the draft Narrative Translator sets inflated, non-protective causal nutrient and 

response variable thresholds, requires inadequate sampling so that exceedances will easily be 
missed, and then adds much too high allowable exceedance rates as a further non-protective 
measure.  The net outcome of the draft Narrative Translator will be a risk of loss of beneficial 
aquatic life approaching certainty. 

 
X. The draft Narrative Translator is consistently non-protective of sensitive aquatic life 
     in other features 
 
       X.A.  There is no consideration of “worst case” extreme low flows 
 

Summer low-flow conditions are considered “worst case” in designing criteria to protect  
aquatic life from nutrient-related degradation, because the minimal dilution capacity can make the 
river ecosystem most vulnerable to adverse impacts (Flynn et al. 2015, Fournier and Magoulick 
2022 and references therein).  Critical conditions for aquatic life are supposed to be conservatively 
based on receiving water low flow estimates to ensure that the partially treated sewage discharge 
does not cause or contribute to a violation of water quality standards (U.S. EPA 2018).  The 7Q10 is 
strongly recommended, defined as the lowest seven-day average flow that occurs, on average, once 
every ten years. Use of the 7Q10 means that the discharged effluent from a point source will need to 
meet water quality standards under conditions of very low stream volume for dilution.  

 
The draft Narrative Translator further weakens protection for aquatic life in Montana waters  

by basing the inflated TN and TP thresholds shown in Table 1 on seasonal (July-Sept.) 14Q5 flow 
rather than the 7Q10 flow.  The 14Q5 is defined as the lowest average 14-consecutive-day flow 
(July-Sept.) that occurs, on average, once in 5 years.  Thus, low-flow conditions of the 14Q5 are less 
adverse than the 7Q10.  The 14Q5 allows poorer-quality effluent that can meet water quality 
standards only when there is more volume for dilution than would be allowed by the 7Q10.   
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       X.B.  Nutrient-related degradation is allowed most of the year 
 
The draft Narrative Translator applies to the streams and rivers of Montana only 3-3.5 months 

per year, from July 1 to September 30 (except June 16 to September 30 for the Eastern region - 
Northwestern Glaciated Plains) (Table 1).  It fails to address the need to protect Montana streams, 
rivers, run-of-river impoundments, and downstream waters from nutrient pollution most of the 
year. 

 
It is most important to protect streams and rivers from noxious algae when their biomass is 

maximal (Biggs 2000a, Biggs and Kilroy 2000).  Studies of benthic algal biomass in aquatic 
ecosystems affected by human-related sources of nutrient pollution generally focus on the active 
growing season to ensure that the maximum is included and can be detected (Asarian et al. 2014, 
Konrad and Munn 2016). This strategy is especially important since some benthic algae can have 
bimodal growth maxima, usually a higher maximum in late winter/spring and a second, lower peak 
in late summer or fall (Biggs and Close 1989, Breuer et al. 2016), including Cladophora (Whitton 
1970, Madsen and Adams 1988). Cladophora biomass during blooms in north temperate waters has 
also been linked to prior winter conditions.  For example, annual maximum Cladophora biomass has 
been strongly influenced by antecedent winter mean nutrient concentrations (Parker and Maberly 
2000). Both inorganic N and inorganic P have been shown to influence Cladophora growth (Millner 
et al. 1982, Lohman and Priscu 1992). Other harmful algae such as potentially toxic benthic 
cyanobacteria can be abundant in north temperate streams and rivers during winter or spring (e.g., 
Sabater et al. 2003, Fetscher et al. 2015), and warming trends and other conditions in climate 
change are expanding cyanobacterial “bloom seasons” (Haig et al. 2022, Cotner et al. 2022, Kim et 
al. 2024). Such findings underscore the importance of setting protective effluent TN and TP limits for 
Montana WWTPs year-round. 

 
Year-round protective effluent TN and TP limits are also needed to address reservoirs, lakes, 

and other downstream waters.  Numerous reservoirs in Montana have been constructed along 
larger-order rivers. As examples, Canyon Ferry, Hauser, Helena, and Tongue River reservoirs have 
recreationally important trout populations but have been listed as nutrient-impaired for years by 
sources including sewage discharges. Causal nutrients/nutrient forms specified in impairment  
have included un-ionized ammonia, nitrate+nitrite, TN, and TP, as well as response variables such 
as excess suspended microalgal growth (sestonic chla) and low DO (e.g., MDEQ 2021a-Appendix A). 
Nutrient-impaired tributaries are adding excess nutrients to various already-nutrient-impaired 
reservoirs, such as Prickly Pear Creek flowing into Helena Reservoir (Lake Helena) (MDEQ 2021a, 
Appendix A). The draft Narrative Translator fails to explain how its approach, or revision of the 
standards for streams and rivers in Circular DEQ 12-A (MDEQ 2014), will ensure protection of 
downstream reservoir uses.   

 
High incoming TN and TP can become part of the legacy sediment storage in lakes and  

reservoirs, contributing to noxious algal blooms and other eutrophication impacts when winds or  
currents mix sediments and bottom waters back into the upper water column (Søndergaard et al. 
2007, McCrackin et al. 2017, Orihel et al. 2017, Carleton and Lee 2023).  Nitrate is highly soluble 
and can travel long distances downstream as explained. Thus, if nitrate in partially treated sewage 
effluents is not minimized during late fall through mid- to late June, the excessive nitrate 
concentrations could easily reach N-sensitive downstream waters, including various Montana 
streams and rivers (e.g., Dodds and Grudder 1992, Lohman and Priscu 1992, Suplee 2004, Suplee 
and Watson 2013) and reservoirs in supporting noxious and toxic algal blooms (e.g., Priscu 1986, 
NorthWestern Energy 2020, MT DPHHS website given in Figure 2). 
 
 



   54 
 

X. The draft Narrative Translator does not consider many Montana streams and rivers 
 
           X.A. Ephemeral streams are excluded despite their abundance and importance  
 

The draft Narrative Translator (p.3) states that the Part I Translators apply to intermittent (as  
well as perennial) waters, but not to ephemeral streams.  An intermittent stream is defined as a 
stream or stream reach that is below the local water table for some portion of the year and obtains 
its flow from both groundwater discharge and surface runoff (ARM 17.24.202).  An ephemeral 
stream or stream reach (drainageway) is defined in Montana statute as flowing only in response to 
precipitation in the immediate watershed, or in response to snow/ice melt, and it is always above 
the local water table (ARM 17.24.301).  Thus, the Montana statute definitions require knowledge of 
whether a temporary stream is “always above the local water table” versus “below the local water 
table for some portion of the year”.   

 
Aside from these formal definitions, ephemeral and intermittent streams of Montana are 

poorly distinguished, commonly grouped, and collectively considered (Gomi et al. 2002).  As 
examples, the U.S. EPA (2006b) described ~25% of Montana’s human population as relying upon a 
group of temporary surface waters—intermittent streams, ephemeral streams, and small 
headwater streams, with no further separation—for their drinking water.  The U.S. EPA (2013) 
described 83% of the 370,230 miles of linear streams in Montana as “intermittent or ephemeral”.   
Mt.gov (2024c) described the Northwestern Great Plains Intermittent Stream Ecosystem as 
extending throughout the non-glaciated Great Plains region of the state, and Suplee et al. (2008, 
p.29) described the prairie streams of eastern Montana as commonly intermittent.  Both sources 
likely referred to intermittent and ephemeral streams collectively, considering that Vance et al.’s 
(2013) review of the Prairie Potholes region across north-central and northeastern Montana in the 
North Glaciated Plains was more specifically entitled “Hydrology-Ecology Relationships in Montana 
Prairie Wetlands and Intermittent/Ephemeral Streams”.   Similarly, a synthesis about prairie 
wetland streams across the north-central and northeastern state was called “Montana Prairie 
Wetlands and Intermittent/Ephemeral Streams” (Phelan et al. 2015). 

 
Ephemeral and intermittent streams are collectively referred to as temporary streams 

integral with headwaters, and they support many freshwater biodiversity and ecosystem services 
(Gomi et al. 2002, Fovet et al. 2020).  Datry et al. (2015) defined intermittent rivers as referring to 
all temporary, ephemeral, seasonal, and episodic streams and rivers in defined channels.  As 
mentioned, a major component of Montana’s tourism industry is centered on trout fishing.  Many 
remaining genetically pure populations of cutthroat trout are located in small, isolated headwater 
streams (USDA Forest Service 2024).  Rainbow trout have been documented to use temporary 
stream habitat for spawning (e.g., Erman and Hawthorne 1976).   

 
Temporary streams not only provide habitat for trout species and their prey; they are also 

critical for many other native fishes (e.g., Hooley-Underwood et al. 2019), including various 
threatened or endangered fish and freshwater mussel species (Dodds et al. 2004). In fact, various 
aquatic species in central/eastern Montana have been described as entirely dependent upon 
temporary streams, surviving in disconnected pools during dry periods and then migrating during 
wetter periods (Mt.gov 2024c).  Further, temporary streams supply water, sediment, nutrients, and 
organic materials to downstream systems (Datry et al. 2014 and references therein). 

 
Ephemeral and intermittent streams are also collectively considered in management because 

they are difficult to differentiate in some practical field situations. As Magand et al. (2020) 
explained, “ephemeral” implies a shorter flow duration and lower predictability than “intermittent”, 
but no fixed boundaries exist.  The U.S. EPA (2013) described intermittent and ephemeral streams 



   55 
 

in Montana as poorly distinguished. Trout Unlimited (2019) reported a fundamental lack of 
accurate maps that would lead to major on-the-ground confusion.  Its review of the USGS High 
Resolution National Hydrography Dataset revealed that ephemeral streams are not mapped in most 
of the state and, even where they are mapped, many visible ephemeral stream channels are missing 
in the dataset.  The Trout Unlimited analysis estimated that an additional 0.6 mile of unmapped 
ephemeral stream exists in Montana for every 1.0 mile of mapped stream, indicating that 
ephemeral streams are a major, overlooked proportion of the state’s temporary streams.  
Considering that an estimated ~80% of Montana’s streams are temporary, the Trout Unlimited 
analysis suggests that ephemeral streams comprise about 30% of the state’s streams that blend 
into/seamlessly connect with other temporary streams.   

 
Temporary streams are critical to the biological integrity of the entire river network, and 

their degradation has negative consequences for downstream diversity (Gomi et al. 2002, Levick et 
al. 2008, Datry et al. 2014).  These valuable surface waters are in need of protection from nutrient 
pollution (Suplee et al. 2008, p.29).  Dodds et al. (2004) noted that most of the U.S. Great Plains that 
were formerly prairie are now heavily affected by agriculture or urbanization. Datry et al. (2014, p.233) 
described temporary streams as impacted by human population growth, accelerated economic 
activities, land use alterations, and climate change.  They are regarded as “particularly endangered 
ecosystems, because they lack adequate management practices and protective policies and 
legislation”.   

 
Despite the importance of temporary streams, the draft Narrative Translator provides no 

clarification about how to discern between ephemeral and intermittent streams in practical field 
settings—that is, how to assess whether a flowing temporary stream is always above the local 
water table, versus below the water table part of the year—more problematic given the fact that   
the water table moves and is affected by climate change. Further, the draft Translator and its 
technical supporting document include no instruction about how to accurately differentiate 
intermittent streams from other temporary streams in field settings, or how the draft Translator 
will protect these streams from nutrient-related degradation not only during wet periods but also 
in drying periods when aquatic biota and their resting stages are most at risk of exposure to 
undiluted sewage effluent and other pollution. 

 
  X.B. Spring creeks are also excluded 
 
Spring-fed streams or “spring creeks” have a water source that can be traced to a major spring 

or a series of springs. They are unique and rare ecosystems with relatively constant temperatures  
and flows, so that they provide uniform conditions in areas where most surface waters sustain 
great seasonal changes (Hynes 1970). Although their species numbers may be lower because of the 
uniform conditions, they sometimes provide refuge for relict species as well as habitat for sensitive 
trouts and the macroinvertebrates they use for food (Decker-Hess 1986).  Among minimally 
disturbed waters, the total biomass and growth of the species present in spring creeks usually far 
exceed the biomass/growth supported by other streams in the area.   
 

Montana’s spring creeks mostly are located in the southwestern region of the state (in the  
MDEQ Western and Transitional ecoregions) within the Beaverhead, Madison, Jefferson, 
Yellowstone, upper Missouri, and Gallatin River drainages. By the mid-1980s, many of Montana’s 
spring creeks drained watersheds in major use for cattle grazing and hay/alfalfa production. Many 
of them were channelized and heavily used for irrigation. Their riparian habitats were grazed; 
cattle commonly trampled the streambanks, compacted the stream sediments, added substantial 
wastes, and destroyed their riparian habitats (Decker-Hess 1986).  The overall conclusion from an 
in-depth assessment was that Montana’s spring creeks mostly were “severely abused” (Decker-
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Hess 1986, p.i) by agriculture and development, and their fishery potential had declined or was not 
being met.  Within the past two decades, attempts have been made to restore the habitat and 
sensitive aquatic life of some spring creeks (e.g., Pierce et al. 2014, 2015, 2017).  

 
The draft Narrative Translator (Table 2-1) includes spring creeks in Eastern ecoregions for  

application of the diel DO variation response threshold, but excludes all but one spring creek in the 
Western and Transitional ecoregions where most of them occur.  The one exception is Big Spring 
Creek (headwaters to mouth).  The diel DO variation and macroinvertebrate community response 
thresholds for the Western ecoregion are to be applied only to that spring creek.  

 
MDEQ plans to assess other spring creeks for potential nutrient-related impact on a “case-by-

case basis”, and each spring creek will require development of site-specific causal and response 
variable criteria. Thus, these valuable aquatic systems across Montana will continue to lack 
protection from nutrient contamination, beyond the vague narrative standard, for years to decades.   
 
           X.C. There is no protection for River Breaks waters 
 

The River Breaks (sub-ecoregion 43c) of the Missouri River headwaters consists of badlands 
with prominent sandstone and shale outcrops; the sandy/clayey soils are mostly shallow and soil 
fertility has been described as low (Bureau of Land Management 1978). The draft Narrative 
Translator (Table 2-3; and see Table 2, footnote i of these comments) indicates only that the  
narrative standard will continue to be used for this sub-ecoregion. Earlier, MDEQ (Suplee and 
Watson 2013) had reported a wide range of TN and TP values among streams there, including low 
to moderate values.  Nevertheless, MDEQ speculated that either the River Breaks streams are 
naturally eutrophic, or these streams “may have already responded to global increases in N loading 
([sensu] Vitousek et al. 1997)” (Suplee and Watson 2013, un-numbered p.86 of the pdf). 

 
The draft Narrative Translator and supporting information (MDEQ 2024a,b) mentions no plan 

to protect these waters from (further) nutrient-related degradation.  Earlier, MDEQ had asserted 
that, because of their “naturally eutrophic” character, additional increase in nutrients to River 
Breaks streams would cause no harm to aquatic life, downstream impacts were not expected, and 
(therefore) nutrient criteria were unnecessary (Suplee and Watson 2013).  However, relevant 
impacts from locally sourced anthropogenic N were confirmed by Sigler et al.’s (2018) study of the 
Upper Missouri Basin headwaters area, which revealed that agricultural N pollution is the major 
human-related source of the high N (as nitrate) in shallow groundwaters and streams of upstream, 
influential areas. 

  
Suplee and Watson (2013, pp. 3-30 to 3-33) presented sparse, odd data for the River Breaks, 

based on only 29 (TP) or 28 (TN) samples from 8 sites described as “reference” by MDEQ.  For TP, 
the lower median (129 µg/L) than mean (~150 µg/L) reflected inclusion of 3 samples that each 
measured 9,911 µg TP/L, reflecting sewage or livestock waste conditions.  More than 3/4ths of the 
data were at < 250 µg/L. The minimum TP measured at the reference sites was 33 µg/L (25th 
percentile, 51 µg/L), but the maximum was nearly 10 mg TP/L. The U.S. EPA had recommended 29 
µg TP/L as the minimally impacted condition for ecoregion IV-43, Great Plains Grass and 
Shrublands). Clearly aberrant TN data from MDEQ’s “reference” streams, with 4 of 28 samples at 
4,000 µg/L or more, skewed the mean and median (1333 to ~1500 µg/L).  These data were also 
odd because the nutrient maxima (9911 µg TP/L and 9900 µg TN/L) were identical to those  
reported by Suplee and Watson (2013) for much of the Northwestern Great Plains ecoregion  
(Table 3 of these comments).   

 
The extremely unstable and erodible soils (Bureau of Outdoor Recreation [BOR] 1978),  
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weathered from weak shale layers and alternating thin layers of strong sandstone (Upper Missouri 
River Guides 2020) would be a natural source of nutrients (e.g., Porder and Ramachandran 2012). 
Notably, however, anthropogenic as well as natural nutrient sources are affecting River Breaks 
waters.  Agriculture has been identified as a major nutrient source in the area from decades-long 
livestock grazing in spring through fall each year and adjacent farmlands (BOR 1978, Bureau of 
Land Management [BLM] 2008a). For decades, primary range areas for cattle in the Missouri River 
Breaks have been near dependable water sources including streams and reservoirs (Mackie 1970, 
BLM 2008b). Stagliano (2006) characterized two rivers in the area with moderate to high 
biodiversity and little to low protection from moderate-level threats including agriculture (e.g., 
riparian grazing).  Minerals mining and oil and gas leases are also in the area (BLM 2008b).  
 

Therefore, it is not surprising that the BLM (2024) described the Upper Missouri River, 
including the River Breaks area, as not meeting drinking water standards due to nutrients and 
microbial pathogens among an array of causes.  The available evidence indicates that this unique 
natural region has not received effective protection from high nutrient contamination due to 
agriculture and other sources for many decades.  

 
Suplee and Watson (2013) maintained that streams in the River Breaks ecoregion are  

“flashy”, which suggests that there are periods of extended low flows between high-water events 
which would serve as “windows of opportunity” for algal blooms and macrophyte growth.  
Accordingly, Suplee et al. (2012) mentioned that phytoplankton (sestonic) algal blooms (44-72 µg 
water-column chla/L, in comparison to data generally < 10 µg/L) have been known to occur in 
River Breaks ecoregion streams between storm events when the waters are clear and more slowly 
flowing.  As pointed out by Dr. Jan Stevenson (reviewer #2 of Suplee et al. 2012, in Suplee and 
Watson 2013), “Downstream effects seem likely because patches of this ecoregion are so small and 
the waters have to flow somewhere. [Protective nutrient] criteria should be established to prevent 
dumping in this region, prevent degradation, and prevent surprises.” 
 

In an attempt to assure readers that River Breaks streams would be “fine” without protection  
other than the narrative standard, Suplee and Watson (2013) noted that new permitted sources in 
the River Breaks ecoregion must still comply with other water quality criteria (e.g., the aquatic life 
ammonia standards for point source permits, general pH criteria, and the federal drinking water 
nitrate standard of 10 mg/L), so these waters would be protected from nutrient pollution.  Other 
criteria would include, as examples, the aquatic life ammonia standards for point source permit 
general pH and DO criteria, and the federal drinking water standard of < 10 mg nitrate/L - (Safe 
Drinking Water Act:  88 Stat. 1660 [1974] – Public Law 93-523, 42 U.S.C. § 300f, amended 1986, 
1996).  In correction of MDEQ’s premise, several points merit mention:  First, there are no 
applicable TP or TN criteria, and there is no federal protection from degradation specific to P 
pollution.  Second, clearly (for example, given Sigler et al.’s 2018 findings summarized above), 
protection of River Breaks streams from N contamination will be inadequate. As explained (see 
Section VII.D) , nitrate commonly acts like a toxin at elevated levels.  Sensitive aquatic life are 
stressed and killed at much lower nitrate concentrations than the federal drinking water standard 
of < 10 mg/L (Camargo and Alonso 2006). 

 
Third, without protection from Montana nutrient criteria from further degradation due to  

nutrient pollution, River Breaks streams will be highly vulnerable to future wastewater discharges,  
livestock operations, and other sources known to contribute high levels of bioavailable TN, TP, and  
oxygen-demanding organic wastes (Burkholder et al. 2023 and references therein). As reviewer Dr.  
J. Stevenson indicated (in Suplee and Watson 2013), downstream larger rivers and reservoirs will  
be poorly protected as well. 
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X.D. Large rivers are mostly left to future work while being immediately damaged   
          by increased nutrient pollution that will be allowed in their tributaries 
 
Development of protective nutrient criteria for large rivers is especially challenging because 

they cross ecoregion boundaries (Smith et al. 2003), and both the biota and their response to 
nutrient supplies commonly changes along the river course (Weigel and Robertson 2007, Son et al. 
2022).  Large rivers were defined in previous MDEQ publications as perennial waterbodies that are 
unwadeable during the summer/early fall base flow period; their base-flow annual discharge is 
~40 m3/sec, or their base-flow is > 1 meter in depth (Flynn and Suplee 2010 in Flynn et al. 2015). 
They were further described by Flynn and Suplee (2013, Appendix A, p.3) to be > 7th order 
following the Strahler (1964) system.    

 
Portions of eight rivers in Montana are considered as large rivers in the draft Narrative 

Translator (Table 1-1).  Of these, the Clark Fork River (Blackfoot River confluence to Flathead River 
confluence) has been assigned site-specific criteria for nutrients (TP < 39 µg/L, TN < 300 µg/L) and 
benthic algal abundance (mean chla 100 mg/m2 or [maximum] 150 mg/m2; AFDM < 35 g/m2; 
bottom cover < 30%) during August 1 through October 31) (Clift et al. 2024, Table 1-3). Note that 
the mean chla criterion of 100 mg/m2 is listed in Clift et al. (2024), but not in the draft Narrative 
Translator.  In addition, the Clark Fork River upstream from its confluence with the Blackfoot River 
has a TP criterion of 20 µg/L (Suplee et al. 2024, p.36), also not mentioned in the draft Narrative 
Translator. 

 
Most of MDEQ’s nutrient-related efforts on this class of rivers have otherwise focused on the 

Yellowstone River. MDEQ’s TN and TP thresholds for the Yellowstone are as follows (August 1 
through October 31), with an allowable exceedance rate of 20%: 

 
 Bighorn River confluence to the Powder River confluence:  55 µg TP/L and 655 µg TN/L, for 

both aquatic life and recreational uses; and  
 

 Powder River confluence to state line:  95 µg TP/L and 815 µg TN/L, considering recreational  
uses only. 
 

These values for the suggested nutrient criteria were derived from a MDEQ process-based mechan-
istic modeling effort (e.g., Suplee et al. 2015).  Suplee et al. (2015, p.467) wrote: 
 

Nutrient concentrations in the Yellowstone River are currently below the 
criteria, but in some rivers nutrients will already be excessive....Water quality 
in the Yellowstone River is presently superior to our model-based criteria....  

 
The writing indicates that use of these high TN and TP values relative to natural background, and 
relative to minimally impacted conditions recommended by the U.S. EPA (Table 2 of these  
comments), will not protect the designated use of this large Montana river for aquatic life, or from 
further degradation due to nutrient pollution.  
 

The aquatic life designated use will not be protected by the draft Narrative Translator’s 
response variables assigned to this large river, either.  Both Yellowstone River segments (draft 
Narrative Translator, Table 4-1) are assigned the same excessive benthic chla, AFDW, and 
filamentous algae percent cover values (for large rivers, only from wadeable areas that can be 
sampled along shorelines: 150 mg/m2, 35 g/m2, and 30%, respectively) as for wadeable streams 
and medium rivers.  These algal abundance response variable thresholds are applied only for 
protection of recreational uses. Diel DO Δ of 4.1 mg/L is assigned to protect the aquatic life 
designated use of the mainstem Yellowstone from the Bighorn River confluence to the Powder 
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River confluence, without explanation (i.e., no mention in the draft Narrative Translator, or in 
Suplee 2023, or in MDEQ 2024a,b). This diel DO value is much higher (less protective) than the 
threshold assigned to high-gradient (fast-flowing, well-aerated) streams in the Western region (3.0 
mg/L), which would be expected to be less likely to sustain large diel DO variation than the upper 
mainstem Yellowstone. 

 
The draft Narrative Translator describes the other large rivers as variable.  A footnote to Table  

4-1 in the draft Translator states that no specific TN or TP threshold concentrations are provided  
because site-specific criteria will have to be determined on a case-by-case basis, generally using 
mechanistic modeling—which, as for spring creeks, translates into years to decades of poor 
protection from further degradation due to nutrient contamination.  Recreational use, but not 
aquatic life use, is considered in the draft Translator for the other large rivers.  The same inflated 
benthic algal abundance thresholds as those for the Yellowstone River are assigned, which will not 
protect the aquatic life designated use. 
 
XI.  Downstream waters are not protected 
 

Absent from the draft Narrative Translator and supporting documents is a rigorous analysis of 
the potential for downstream impacts.  This important issue is only vaguely mentioned in the draft  
Translator, along with mistaken guidance (explained below) in the technical support document 
(MDEQ 2024b).   
 

In work to develop a model to estimate numeric nutrient criteria that would protect 
designated uses of a Montana river, Flynn and Suplee (2013, p.3-3) acknowledged that the model 
did not consider downstream requirements (75-5-306(2), §MCA).  They explained that this was due 
to insufficient information on the first downstream reservoir, or for subsequent reservoirs 
downstream.  They dismissed the importance of protecting downstream waters with the rationale 
that, “From a practical standpoint, low-flow criteria...are only a small percentage of the annual load 
to these waterbodies anyway, thus are likely insignificant”.  Nevertheless, assessment of down-
stream impacts is conducted to estimate the impacts of N and P contamination from upstream 
waters, even at macroscales such as the Mississippi River watershed affecting the Gulf of Mexico 
(e.g., White et al. 2014, Stackpoole et al. 2021).   

 
The locations most affected by downstream impacts vary from just below the nutrient source 

input to many kilometers downstream (e.g., Mallin et al. 1993, Chapra et al. 2014, Flynn et al. 2015). 
Model simulations of the West Fork of the Gallatin River, MT indicated that small amounts of waste-
water loading in watershed areas with short travel times to the river had disproportionately large 
impacts on watershed nitrate export downstream in comparison to spatially distributed N loading 
or localized N loading in watershed areas with longer travel time (Gardner et al. 2011).  In 
describing results from their process-based mechanistic model for the Yellowstone River, Flynn et 
al. (2015, p.435) wrote: 

 
Benthic biomass and river productivity...reach maximum levels downstream   
of WWTPs (584 and 290 km) [or 363 miles and 180 miles downstream] and 
coincide with elevated inorganic nutrient [nitrate] concentrations.... 584 
kilometers near Billings, Montana is outside of the primary area of interest     
for criterion development. [In that area] the river exhibits a more pronounced 
response to nutrients due [in part] to increased clarity... 

 
The draft Narrative Translator (e.g., p.24) vaguely mentioned the need to protect downstream 

waters.  The technical supporting documents (MDEQ 2024b - Section 3.0) provided less than a page 
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of guidance that did not carefully consider the importance, or the requirement, of protecting 
downstream waters.  MDEQ (2024b, p.18) counseled that point sources directly discharging into a 
downstream lake or reservoir should estimate their proportion of the total annual load of “TP, TN,  
or possibly both” to that waterbody.  MDEQ further counseled that data collection should target the 
stream hydrograph including both sides as well as the peak, with weekly to biweekly sampling 
through the spring runoff period followed by minimal sampling the rest of the year (but note that 
Suplee et al. 2024, Appendix A support biweekly sampling; and note that the draft Narrative 
Translator (Table 2-4; also see Suplee et al. 2024, Table 3-2) requires sampling for TP and TN only 
twice during the summer season (index period) with at least 4 weeks between sampling events). 

   
Thus, MDEQ’s (2024b) guidance focused entirely on nutrient loads to assess downstream 

impacts.  Yet, noxious algae and plants responding to nutrient pollution consume N and P 
concentrations, not loads; and assessment of whether the draft Narrative Translator is being met in 
downstream waters is based on concentrations, not loads.  The proportions of TN and TP 
contributed by a point source relative to the total TN and TP in a waterbody from the discharge to 
the downstream waters of interest will not, alone, accurately assess downstream impacts, 
especially considering that partially treated sewage is so potent in adding high quantities of 
bioavailable N and P forms.  Data collection for both N and P is needed as explained above.   

 
At a minimum, concentrations of TN, TP, and highly bioavailable nitrate reaching the 

downstream waterbody from the point source should be assessed.  To protect downstream waters, 
the proportion of TN and TP, and also the proportions of highly bioavailable N and P forms, added   
to the system by the upstream source should be quantified (e.g., Mallin et al. 1993), and then 
minimized, during the actual growing season for the dominant noxious algae and plants present.   
The U.S. EPA (2014) counseled that downstream impacts should be considered as far down- 
stream as adverse impacts are expected to occur from the upstream pollution.  Various models, now 
in routine use, are widely available for estimating the transport/fate of that N and P moving 
downstream (e.g., Robertson et al. 2009, Robertson and Saad 2011; and see MDEQ 2024b, Section 7).  
Both concentrations and loads are important to track for downstream impact assessment.  

 
The most serious impacts to downstream river segments or lakes or reservoirs occur during  

the major growing season for the dominant harmful algae and harmful (e.g., invasive) plants 
present, especially during low-flow conditions when algae/plants have more time to respond to the 
nutrient inputs (Basu and Pick 1996, O’Hare et al. 2018). Concerted sampling of nutrient 
concentrations and dominant algal/plant abundance is needed at that time in the discharge area 
and downstream, in addition to capturing the TN and TP loads added during the spring/early 
summer hydrograph.   

 
Because the draft Narrative Translator requires inadequate sampling of waters near point 

sources, and the important parameter nitrate that can travel major distances downstream, it will be 
difficult to assess the impacts from point sources to downstream waters. Lacking that accurate  
assessment, it is highly unlikely that downstream waters can be protected from the short-term and  
long-term impacts of the draft Narrative Translator.  
 

Finally, because the Narrative Translator is basically designed to allow more nutrient  
pollution, it is almost certain to cause or exacerbate impairments to at least some extent in all of the  
waterbodies downstream of the waters with weakened standards. The waters that will be 
adversely affected include numerous reservoirs and river segments in Montana and downstream 
from the state.   
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XII. Recommendations  
 

The draft Narrative Translator was designed, step by step, using a non-protective approach 
that will allow Montana surface waters to sustain major degradation from nutrient pollution.  
MDEQ should develop protective, science-based numeric TN and TP criteria for Montana’s surface 
waters.  The following recommendations are suggested toward achieving that goal: 

 
 Numeric TN and TP criteria developed in Circular DEQ-12A for Montana wadeable streams, 

medium rivers, and the Yellowstone River should be retained or refined as a sound science-based 
approach to protect the designated uses of these ecologically and economically important 
waters.  The criteria should be based on true reference or minimally impacted conditions 
within each sub-ecoregion.  The criteria should be expanded to protect these waters from 
nutrient-related degradation year-round rather than only in the summer season. Acceptable 
exceedance percentages should be rigorously re-evaluated using recent data available for 
multiple rivers, and based on sound assumptions about both causal and response variables. 
 

 Numeric TN and TP criteria should be developed to protect the designated uses of other Montana 
surface waters (wadeable streams and medium rivers in the River Breaks sub-ecoregion, six of 
eight large rivers, and spring creeks, reservoirs, and lakes across the state) from impairment  
due to nutrient pollution.  MDEQ should more carefully consider protection of temporary 
streams, including both intermittent and ephemeral waters. 
 

 Numeric nutrient criteria should be expanded to include nitrate, based on increasing evidence  
that Montana surface waters and the shallow groundwaters which influence them are 
increasingly contaminated by this bioavailable, potentially toxic N form. 

 
 Reference waters should be re-assessed at 5-year intervals  or more frequently to ensure that 

their status remains minimally impacted by nutrient pollution and other human alteration.   
Waters should be removed from the reference waters list as appropriate. 
 

 Adequate sampling should be required for TN, TP, and nitrate to reliably assess stream 
condition and point source compliance.  Samples should be taken at appropriately selected 
upstream and downstream sites biweekly in summers and at least monthly during the rest of  
the year. 
 

 Response variables used in developing/refining protective TN and TP numeric criteria should be 
expanded to include not only benthic algae but also the other major groups of first responders 
to nutrient pollution known to affect various Montana waters—sestonic microalgae, floating 
filamentous algae, and macrophytes.  Protection of recreational uses as well as the aquatic life 
designated use should consider all four major groups of primary producers.  Response variables 
considered in developing/refining protective TN and TP numeric criteria should be revised so 
that the thresholds protect sensitive aquatic life:   

 
  Suspended microalgal assessment should be required, including abundance as chla and 

identification of dominant taxa during blooms.  
 
 Benthic microalgal chla should be based on the more sensitive designated use, aquatic life,  

rather than on human recreational uses.  The target for healthy stream conditions should  
be < 100 mg chla/m2 (Biggs 2000 and references therein) or lower, depending upon true 
reference conditions per ecoregion. Monthly sampling should be conducted during the 
season(s) of maximal biomass (Konrad et al. 2016).  Epiphytes (benthic algae colonizing 
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plant surfaces) should be assessed as part of the total benthic microalgal abundance 
estimates in sites with macrophyte coverage (Suplee et al. 2011).  

 
 Filamentous algal abundance and percent cover should include algae in floating (drift) as 

well as attached (benthic) habits.  The general Suplee et al. (2011) protocols for sampling 
algae per unit substratum surface area can be used if applied carefully, except that the 
protocol described by Biggs and Price (1987) should be followed for thick mats of long 
filaments.  Weekly to biweekly sampling should be conducted between storm events  
during the maximal period(s) for growth (Biggs and Kilroy 2000, and references therein).   

 
  Macrophyte assessment should be required (Suplee et al. 2011), including abundance and 

percent cover for the total community and for selected noxious species.  
 
 Macroinvertebrate communities should be assessed at just before the first breakpoint in 

actual thresholds in the data for Beck’s Biotic Index v3, as an approach that will help to 
protect sensitive aquatic life.  The potential influence of conductivity should be re-
assessed based on improved models that explain more of the data variation. 

 
 The response variable, diel DO variation per week, should be expanded to include the maximum 

as well as the average.  Threshold values should be based on reference or minimally impacted 
conditions for streams and rivers in Montana, separately for each ecoregion/sub-ecoregion.  If 
MDEQ considers it inappropriate to apply this response variable to Eastern region streams and 
rivers during droughts, then MDEQ should apply other response variable(s) to protect the 
designated uses of Eastern streams and rivers from degradation due to nutrient pollution in 
low-flow periods.   
  

 In-stream TN and TP criteria should be based on the 7Q10 flow to improve protection of the 
sensitive aquatic life that characterize many Montana surface waters. 
 

 Numeric TN and TP criteria should be developed to protect the designated uses of other Montana 
surface waters (wadeable streams and medium rivers in the River Breaks sub-ecoregion, six of 
eight large rivers, and spring creeks, reservoirs, and lakes across the state) from impairment 
due to nutrient pollution.   

  
 MDEQ should clearly specify point source discharger sampling and analytical responsibilities. If 

point source dischargers are responsible for sampling for response variables, MDEQ should 
indicate where training can be obtained on unfamiliar techniques and protocols such as 
appropriate sampling for benthic algae, macroinvertebrates, and macrophytes. 
 

 Downstream waters require protection from nutrient-related degradation.  MDEQ should design 
effective, clear steps to achieve that requirement.   

 
 Biological nutrient removal (BNR) technologies, available for decades (U.S. EPA 2007a,b), should 

be required of major point sources to reduce and prevent noxious Cladophora overgrowth.  BNR 
is cost-effective over time, and can achieve treated effluent concentrations of 0.05 mg 
ammonia-N/L, 1-2 mg nitrate-N/L, and 0.01 mg soluble reactive P/L (U.S. EPA 2007a,b). 
Dramatic reductions in bioavailable N and P, required to minimize Cladophora where it has 
become established (Welch et al. 1989, Parker and Maberly 2000), can be achieved with BNR.    
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comments.  

 
2009-  Consultant on eutrophication issues in various U.S. lakes, reservoirs, rivers, and  
present  streams as requested for the Mississippi River Collaborative), the Minnesota Center  

for Environmental Advocacy, Upper Neuse Riverkeeper, Upper Missouri Riverkeeper, 
the Sierra Club, the Southern Environmental Law Center, Waterkeepers Alliance, 
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Earthjustice, and the Natural Resources Defense Council.  Has included many written 
comments, presentations, and several large reports about freshwater, estuarine, and 
marine surface water resources.  

 
Publications (Peer-reviewed, in scientific journals, books and symposia volumes; *, student)  
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21.  Burkholder, J.M., K.M. Mason, and H.B. Glasgow (1992) Water-column nitrate enrichment   
promotes decline of eelgrass (Zostera marina L.): Evidence from seasonal mesocosm experiments. 
Marine Ecology Progress Series 81: 163-178. 

20.  Burkholder, J.M., E.J. Noga, C.W. Hobbs*, H.B. Glasgow, and S.A. Smith (1992) New "phantom" 
dinoflagellate is the causative agent of major estuarine fish kills. Nature 358: 407-410, Nature 
360: 768. 

 19. Mallin, M.A., J.M. Burkholder, and M.J. Sullivan (1992) Benthic microalgal contributions to coastal 
fishery yield. Transactions of the American Fisheries Society 121: 691-695. 

18.  Martin, T.H., L.B. Crowder, C.F. Dumas, and J.M. Burkholder (1992) Indirect effects of fish on 
macrophytes  in Bays Mountain Lake: Evidence for a littoral trophic cascade. Oecologia 89: 476-481. 

17.  Burkholder, J.M. and B.E. Cuker (1991) Response of periphyton communities to clay and 
phosphate loading in a shallow reservoir. Journal of Phycology 27: 373-384.   

16.  *Everitt, D.T. and J.M. Burkholder (1991) Seasonal dynamics of macrophyte communities from a 
stream flowing over granite flatrock in North Carolina, U.S.A. Hydrobiologia 222: 159-172. 

15.  Burkholder, J.M. and R.G. Wetzel (1990) Epiphytic alkaline phosphatase on natural and artificial 
plants in an oligotrophic lake: Re-evaluation of the role of macrophytes as a phosphorus source for 
epiphytes. Limnology and Oceanography 35: 736-747. 

14.  Burkholder, J.M., R.G. Wetzel, and K.L. Klomparens (1990) Direct comparison of phosphate 
uptake by adnate and loosely attached microalgae within an intact biofilm matrix. Applied and 
Environmental Microbiology 56: 2882-2890. 

13.  Cuker, B.E., P. Gama*, and J.M. Burkholder (1990) Type of suspended clay influences lake  productivity 
and phytoplankton community response to phosphorus loading. Limnology and Oceanography 35: 
830-839.  

12.  Burkholder, J.M. and R.G. Wetzel (1989) Microbial colonization on natural and artificial macro-
phytes in a phosphorus-limited hardwater lake. Journal of Phycology 25: 55-65. 

11.  Burkholder, J.M. and R.G. Wetzel (1989) Epiphytic microalgae on natural substrata in a hardwater 
lake: Seasonal dynamics of community structure, biomass, and ATP content. Archives fur 
Hydrobiologie/ Supplement 83: 1-56.   

10.  Moeller, R.E., J.M. Burkholder, and R.G. Wetzel (1988) Significance of sedimentary phosphorus to a 
rooted submersed macrophyte (Najas flexilis) and its algal epiphytes. Aquatic Botany 32: 261-281. 

  9.  Sheath, R.G. and J.M. Burkholder (1988) Stream macroalgae, pp. 53-59. In: Freshwater and Marine 
Plants of Rhode Island, by R.G. Sheath and M.M. Harlin (eds.). Kendall/Hunt Publishers, Dubuque 
(IA), 149 pp.  

  8.  Bachmann, M.D., R.G. Carlton, J.M. Burkholder, and R.G. Wetzel (1986) Symbiosis between 
salamander eggs and green algae:  Microelectrode measurements inside eggs demonstrate effects 
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of photosynthesis on oxygen concentrations. Canadian Journal of Zoology 64: 1586-1588. 

  7.  Sheath, R.G., J.M. Burkholder, J.A. Hambrook, A. Hogeland, E. Hoy, M.E. Kane, M.O. Morison, A.D. 
Steinman, and K.L. Van Alstyne (1986) Characteristics of softwater streams in Rhode Island. III. 
Distribution of macrophytic vegetation in a small drainage basin. Hydrobiologia 140: 183-191. 

  6.  Sheath, R.G., J.M. Burkholder, M.O. Morison, A.D. Steinman, and K.L. Van Alstyne (1986) Effect of 
tree canopy removal by gypsy moth larvae on the macroalgae of a Rhode Island headwater stream. 
Journal of Phycology 22: 567-570. 

  5.  Sheath, R.G. and J.M. Burkholder (1985) Characteristics of softwater streams in Rhode Island. II.    
Composition and seasonal dynamics of macroalgal communities. Hydrobiologia 128: 109-118. 

  4.  Burkholder, J.M. and R.G. Sheath (1985) Characteristics of softwater streams in Rhode Island,    
U.S.A. I. A comparative analysis of physical and chemical features. Hydrobiologia 128: 97-108. 

  3.  Burkholder, J.M. and R.G. Sheath (1984) The seasonal distribution, abundance and diversity of 
desmids (Chlorophyta) in a softwater, north temperate stream. Journal of Phycology 20: 159-172.  

  2.  Sheath, R.G. and J.M. Burkholder (1983) Morphometry of Batrachospermum populations inter-
mediate between B. boryanum and B. ectocarpum (Rhodophyta). Journal of Phycology l9: 324-331. 

  1.  Burkholder, J.M. and R.W. Bachmann (1979) Potential phytoplankton productivity in three Iowa 
streams. Proceedings of the Iowa Academy of Sciences 86: 22-25.   

 
Technical Reports  (examples)      
 
Burkholder, J.M., E.H. Allen, S. Flood, and C.A. Kinder (2018) National Resource Condition Assessment - 

Moores Creek National Battlefield, North Carolina. Natural Resource Report NPS/SECN/NRTR—
2018/xxx. National Park Service, Fort Collins, CO, 202 pp. 

 
Burkholder, J.M., E.H. Allen, S. Flood, and C.A. Kinder (2018) National Resource Condition Assessment - 

Congaree National Park, South Carolina. Natural Resource Report NPS/SECN/NRTR—2018/xxx. 
National Park Service, Fort Collins, CO, 324 pp. 

Burkholder, J.M., E.H. Allen, S. Flood, and C.A. Kinder (2017) Natural Resource Condition Assessment -  
Ocmulgee National Monument, Georgia. Natural Resource Report NPS/SECN/NRTR—2017/1521. 
National Park Service, Fort Collins, CO, 179 pp. 

Burkholder, J.M., E.H. Allen, S. Flood, and C.A. Kinder (2017) National Resource Condition Assessment - 
Cape Lookout National Seashore, North Carolina. Natural Resource Report NPS/SECN/NRTR—
2017/xxx. National Park Service, Fort Collins, CO, 248 pp. 

 
Burkholder, J.M., E.H. Allen, S. Flood, and C.A. Kinder (2015) Natural Resource Condition Assessment - 

Horseshoe Bend National Military Park. Natural Resource Report NPS/SECN/NRTR—2015/981. 
National Park Service, Fort Collins, CO, 270 pp. 

 
United States Department of Environmental Protection (U.S. EPA) (2011) Efficacy of Ballast Water 

Treatment Systems: A Report by the EPA Science Advisory Board (SAB). U.S. EPA SAB Ecological 
Processes and Effects Committee Augmented for the Ballast Water Advisory. Report #EPA-SAB-
11-009. U.S. EPA, Washington, DC, ~150 pp.  I was an Augmented Panel Member and a coauthor 
of this report. 

 
Burkholder, J.M. and M.B. Rothenberger (2010) Assessment of Water Resources and Watershed 

Conditions in Horseshoe Bend National Military Park, Alabama. Natural Resource Report 
NPS/SECN.NRR-2010/268. National Park Service, Fort Collins, CO, 51 pp. 
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Burkholder, J.M., E.H. Allen, and C.A. Kinder (2010) Assessment of Water Resources and Watershed 
Conditions in Ocmulgee National Monument, Georgia. Natural Resource Report NPS/SECN/NRR—
2010/276. National Park Service, Fort Collins, CO, 81 pp. 

 
Burkholder, J.M. (2010) Assessment of Water Resources and Watershed Conditions in the Kennesaw 

Mountain National Battlefield Park, Georgia. Report to the Southeast Coast Inventory and 
Monitoring Network of the National Park Service, Southeast Regional Office, Atlanta, GA, 71 pp. 

 
Burkholder, J.M., E.H. Allen, C.A. Kinder, and E. Morris (2010) Assessment of Water Resources and 

Watershed Conditions in the Chattahoochee River National Recreation Area, Georgia. Draft Natural 
Resource Report NPS/SECN.NRR-2010/274. National Park Service, Fort Collins, CO, 202 pp.  

 
Touchette, B.W., J.M. Burkholder, and H.B. Glasgow (2001) Distribution of American Water Willow 

(Justicia americana L.) in the Narrows Reservoir. Final Report to Alcoa Power Generating Inc., 
Badin, NC, 51 pp. 

 
    Burkholder, J.M., H.B. Glasgow, and N. Deamer-Melia (1998) Neuse Estuary Biomonitoring Study – 

Physical, Chemical, and Biological Characteristics of Water Samples Collected from the Neuse 
Estuary in the Vicinity of Cherry Point, North Carolina, May 1993 - April 1998. Final Report of a 
five-year study, to the U.S. Marine Air Station, Cherry Point, NC. Aquatic Botany Laboratory, NCSU, 
Raleigh, 110 pp. 

      
Burkholder, J.M. and J.E. Parsons (1993) Sediment and Phosphorus Loading: Predicting Water Quality 

in Urban Piedmont Reservoirs. Report No. 274. UNC Water Resources Research Institute, Raleigh, 
NC, 194 pp. 

 
Patent  
U.S. Patent #7,040,157. “Variable depth automated dynamic water profiler”, Reed, Glasgow, 
Burkholder, Toms, May 2006 (NCSU; patent sold to YSI, Inc.). 
 
Professional Activities  (examples) 
 

 Co-Editor of Book:  (2018) Harmful Algal Blooms and Their Management: A Compendium Desk  
                      Reference, by S.E. Shumway, J.M. Burkholder, and S.L. Morton SL (eds.). Elsevier, New York. 
 
Editorial   
Guest Co-Editor, special issue, Water (Harmful Algae and Eutrophication, 2023-2024) 
Guest Co-Editor, special issue, Harmful Algae (Intraspecific Variation, 2009) 
Guest Co-Editor, special issue, Harmful Algae (Harmful Algae and Eutrophication), 2007 
Guest Co-Editor, special issue, Harmful Algae (Ecology of Pfiesteria), 2006 
Editorial Board, Journal of Experimental Marine Biology and Ecology, 2000 -2016 
Editorial Board, Harmful Algae, 2002-2020   
Editorial Board, Journal of Eukaryotic Microbiology, 1996-1999 
Editorial Board, Journal of Phycology, 1995-1997 
 
Other Society Service   
- Member, Organizing Committee, International Symposium on Harmful Algae, 2009-2010 
- Member, Organizing Committee, National Symposium on Harmful Algae, 2000, 2002, 2003 
- Member, Ethics Committee, American Society of Limnology and Oceanography, 1996-1997 
- Member, Harmful Algae Technical Advisory Committee, Maryland Department of Natural Resources,   
   1998-2001 
- Session Chair, Ecology of Aquatic Protozoa session, XIth Meeting, International Congress of 
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   Protozoology, 2001 
- Session Chair, New Harmful Algae, 10th International Conference on Harmful Algal Blooms, 2000 
- Session Chair, Pfiesteria in the Southeast, 1st National Symposium on Harmful Algae, 2000 
- Session Chair, Harmful Algae, 15th Biennial International Conference of the Estuarine Research  
   Federation, 1999 
- Session Co-Chair, Harmful Algal Blooms, Annual Summer Meeting, American Society of Limnology  
   and Oceanography, 1998 
- Session Co-Chair, Harmful Algal Blooms, Joint Meeting - American Society of Limnology and   
  Oceanography and American Geophysical Union, 1997 
- Chair, Hutchinson Award Committee, American Society of Limnology and Oceanography, 1996 
- Board of Directors, American Society of Limnology and Oceanography, 1994-1997 
- Session Chair, Ecology of Freshwater Algae, Joint Meeting - International Phycological Congress and  
  Phycological Society of America, 1991 
- Session Chair, Phytoplankton, Annual Meeting, American Society of Limnology and Oceanography, 
  1988 
 
External Panels and Reviews  (examples)  
- Member, panel review of the annual South Florida Environmental Report for the South Florida Water 

Management District, 2006-2011 (Formally critiqued the report (selected chapters, ~1200 pages)  
emphasizing water quality sampling/compliance and water quality programs/restoration in the 
Kissimmee River basin, Lake Okeechobee, the Everglades, and eight estuarine ecosystems; and the 
District’s environmental education outreach programs  

- Examiner (“Opponent”) of doctoral candidate Johannes Hagstrőm, Kalmar University, 2006  
- Member, review team for the Department of Botany, Miami University of Ohio, 2005 
   (1 of 2 reviewers of the academic and research programs of the Dept. of Botany; our review  
   resulted in new positions, a strengthened Bioinformatics Facility, and other significant support for  
   the department)  
- Member, review team for Marine Sciences Programs, Institut für Meereskunde, Salzau, Germany,  
1998 

- National Science Foundation, Biological Oceanography Panel, 1995  
- UNC Water Resources Research Institute Panel, 1991-1993  
- Member, review team, Lake Okeechobee Ecosystem Project, South Florida Water Management   
District, 1991 

 
Workshops  (Invited Participant)  
- Sustainable Phosphorus Summit - invited speaker in a panel on eutrophication and harmful algae    
   as part of a Phosphorus Forum, Phosphorus Week 2022 
- Ecology and Identification of Harmful Freshwater Algae –invited speaker at a NCSU – Extension  
   conference on Aquatic Plant Biology, Dept. of Soil Science, Raleigh, NC, 2018, 2019, 2020 (virtual),  
   2021 (virtual), 2022 (virtual) 
- Aquatic Plant Biology, Ecology and Identification – invited speaker at a NCSU – Extension  
   conference, Raleigh, NC, 2018 
- The Importance of Algal Mixotrophy in Trophic Models of the Oceans – invited speaker at an  
   international workshop sponsored by the Leverhume Foundation, University of Maryland - Horn  
   Point, Cambridge, MD, 2013 
- Taxonomy  and Ecology of Algae in the Southeast – co-organizer of a workshop for members of the  
   North Carolina Lake Management Society (NALMS – Southeast Chapter), sponsored by NALMS,  
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   2009, 2010, 2011, 2012  
- Algae Affecting Potable Water Supplies – AWWA, Savannah, GA, 2010  
- Identifying Harmful Cyanobacteria in North Carolina Potable Water Supplies – Organizer; two  
  workshops for potable water treatment plant operators, sponsored by the NC Department of Health  
   and Human Services, 2006   
- Occurrence of Toxigenic Cyanobacteria in the U.S., International Symposium on Harmful Cyanobac- 
   terial Blooms, U.S. Environmental Protection Agency (EPA), 2005 
- National Plan for Harmful Algal Research, Ecological Society of America and the National Oceanic  
   and Atmospheric Administration (NOAA), 2004 
- Social and Environmental Impacts of Concentrated Animal Feed Operations, The University of Iowa  
   and the National Institute of Environmental Health Sciences (NIEHS), 2004 
- Conflicted Science/Integrity in Science Conference and Workshop, Center for Science in the Public  
   Interest, Washington, DC, 2003 
- Estuarine Fish Disease, Delaware Department of Natural Resources & Environmental Control, 2000 
   Harmful Algae Technical Advisory Committee Workshop, Maryland Department of Natural 

Resources (MD DNR) and Maryland Department of Environment (MD DE), 2000, 2001, 2002 
- Re-evaluation of Microbial Water Quality: Powerful New Tools for Detection and Risk Assessment,  
   American Academy of Microbiology, 2000 
- Conservation Medicine Workshop, Center for Conservation Medicine of Tufts University, 1999 
   Harmful Algal Blooms: Research and Monitoring Programs, US EPA - Region IV, 1998 
   Pfiesteria Workshops - Sampling and Identification (organizer), NCSU, 1998  
   Pfiesteria Sampling and Identification Protocols, Centers for Disease Control & Prevention, 1998 
- European Harmful Algal Blooms (EUROHAB) Science Initiative, Marine Science and Technology  
   Programme of the European Commission, 1998  
- Pfiesteria and Water Quality Monitoring Standards Workshop, NOAA, 1998 
- Pfiesteria and Human Health Workshop, Maryland Department of Health and Mental Hygiene and  
   the Maryland Medical Team, University of Maryland and Johns Hopkins, 1998 
- State/Federal Pfiesteria Working Group - Monitoring Protocols, U.S. EPA and NOAA, 1998 
- Maryland Technical Advisory Committee Workshop on Pfiesteria, Fish Kills and Water Quality  
   Monitoring, MD DNR, Baltimore, MD, 1998 
-  Pfiesteria Workshop, 14th Biennial International Conference of the Estuarine Research Federation,  
   Providence, RI, 1997 
- The Cambridge Pfiesteria/Nutrients Workshop, convened by Governor Glendening of Maryland, 
   1997. The final report, The Cambridge Consensus, was used by the governor and the Maryland  
   legislature to change policy about non-point water pollution control in tributaries to Chesapeake  
   Bay and led to passage of the Maryland Water Quality Act of 1998.  
- Impacts of Toxic Pfiesteria/Pfiesteria-like Dinoflagellates on Fisheries and Human Health, U.S. EPA 
   (Philadelphia, PA; Washington, DC; Pensacola, FL), 1997; Delaware Department of Environment and 

Water Resources, 1997 
- Harmful Algal Blooms and Human Health, NIEHS, 1997  
- Pocomoke River Fish Disease, MD DNR, 1997 
- Climate Variability and Human Health, American Society of Microbiology, 1997 
- Developing an Environmental Education Video on Water Resource Issues in North Carolina, 
   Z. Smith Reynolds Foundation, 1997 
- Control of Blue-Green Algae in Rainbow Springs, Florida, Department of Fisheries and Aquaculture, 

University of Florida, 1996 
- Sustainable Marine Fisheries, National Academy of Sciences Ocean Studies Board, 1996 
- Disease Events and Meteorology along the U.S. Atlantic Coast, Harvard Medical School, 1995 
- National Nutrient Assessment Workshop – Estuaries, U.S. EPA, Washington, DC, 1995 
- Harmful Algal Blooms - Research Initiative Development, NSF / NOAA, 1994  
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- Seagrasses and Eutrophication Impacts, U.S. EPA / Sarasota Bay National Estuary Program, 1993 
- Techniques in Sampling and Identification of Pfiesteria – NOAA, 1992; Florida Department of  
   Environmental Protection - Florida Marine Research Institute, 1992; MD DNR, 1993; MD DE, 1993;  
   Delaware Division of Water Quality, 1993 
- Target Issues: Development of RFP guidelines for a New NOAA Coastal Ocean Program Initiative on 

Harmful Algal Blooms, NOAA, 1992  
- Phytoplankton of the Southeastern United States, North Carolina Department of Environment,  
   Health and Natural Resources (NC DEHNR) and Duke Power Company, 1992 
- Target Issues for Funding Support of Research on Toxic Phytoplankton, NOAA, 1992 
- Improved Data Base and Optimal Approaches for Modeling Water Quality in the Albemarle-Pamlico  
   Estuarine System, U.S. EPA and NC DEHNR, 1992 
- Water Quality Regulations for Protection of Seagrass Habitat on the Gulf Coast, U.S. EPA, 1992 
- Improved Standards for Protecting Water Quality in the Albemarle-Pamlico Estuarine System, U.S.        
   EPA, 1991  
- Teaching Aquatic Botany to High School Students (organizer), NCSU, 1987, 1988 
- Light Microscope-Autoradiography of Microalgae (organizer), Bowling Green State University,  
   Bowling Green, OH, 1987 
 
Research Presentations  
 
Water Quality (Eutrophication, Seagrasses, etc.) 
 
2023 
Burkholder. Phosphorus (and Nitrogen) Pollution of U.S. Surface Waters—Background and Status. 
Sustainable Phosphorus Webinar Series - Sustainable Phosphorus Alliance (invited, Zoom conference, 
with published abstract). 
 
2022 
Burkholder. Controlling Freshwater Harmful Algal Blooms―the “Elephant in the Room”. 62nd Annual  
    Meeting of the Aquatic Plant Management Society, Greenville, SC (keynote, with published abstract).  
Burkholder. Going the Wrong Way on Cultural Eutrophication. Odum Lecture, University of Georgia, 

Athens, GA (invited, for academia and the general public). 
 
2021  
Lindor and Burkholder. Warm “Winter” Temperatures Promote Cyanobacteria Production Across 

Enriched Reservoir Nutrient Regimes. Society of Freshwater Science (virtual, with published  
 abstract).  
 
2020 
Lindor and Burkholder. Nutrient Profiles, Phytoplankton Biomass, and Algal Assemblages in Falls 
     Lake, North Carolina. North Carolina Water Resources Research Institute (virtual, with published 

abstract). 
2019 
Buczek SB, Cope WG, Shehdan M, Bishop WM, Richardson RJ, Burkholder JM, Kwak TJ, Jessup J, Black 

TR. In situ Evaluation of Freshwater Mussel Sensitivity to Prescribed Algaecide Applications in a 
North Carolina Piedmont Reservoir. North Carolina Chapter of the American Fisheries Society, 
Morganton, NC (with published abstract). 

Glibert et al. Pluses and minuses of ammonium and nitrate uptake and assimilation by phytoplankton 
and implications for productivity and community composition, with emphasis on nitrogen-
enriched conditions. ASLO, San Juan, Puerto Rico (invited, with published abstract). 

Lindor NL, Burkholder JM. Nutrient profiles, phytoplankton biomass, and algal assemblages in Falls 
Lake, North Carolina. UNC Water Resources Research Institute, Raleigh (with published abstract). 
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2018 
Burkholder JM, Kinder CA, Reed RE, James J, Mackenzie L, Allen EH. Changing Water Quality in Falls 

Lake, the Triangle’s Major Potable Source Water.  UNC Water Resources Research Institute, 
Raleigh, NC (with published abstract). 

Lindor N, Burkholder JM. Eutrophication, nutrient stoichiometry, and phytoplankton blooms in a 
southeastern U.S. reservoir. Fall meeting of the North Carolina chapter of NALMS, Raleigh (with 
published abstract).  

 
2016 
NC Water Resources Research Institute, Raleigh, NC (Inventory and Assessment of the Present Status 

of Water Resources at Cape Hatteras and Cape Lookout National Seashores – Burkholder, Allen, 
Flood, and Kinder).  Annual conference of the NC Water Resources Research Institute, Raleigh, NC. 

 
2015 
Decadal Analysis of Water Quality in Falls Lake, the Triangle’s Major Potable Water Source 

(Burkholder  et al., presentation and published abstract). Annual conference, NC Water Resources 
Research Institute, Raleigh, NC. 

 
2014 

      Long-Term Data Show Continued Water Quality Degradation in the Neuse Estuary, and Inadequate 
            Protection by the Total Nitrogen TMDL (Burkholder et al., presentation and published abstract). 
            Annual conference, NC Water Resources Research Institute, Raleigh, NC.  

Why Bother? - Who Needs Models for Mixotrophs in Coastal Ecosystems? (invited presentation,  
      Burkholder) Leverhulme Trust Phytoplankton Mixotrophy Workshop, Swansea, United Kingdom. 
Unprecedented Toxin-Producing Cyanobacterial Blooms in the Cape Fear River (Mallin et al., 
presentation and published abstract), Summer Meeting, Sciences of Limnology and Oceanography, 
San Diego, CA.  
  
2013 
Outside Peer Review of the Marine Programs of the UNC System for the UNC Board of Governors, 

Morehead City, NC - The NCSU CAAE was later given an excellent evaluation by the Panel in its 
final report. 

Coastal and Estuarine Research Federation, San Diego, CA - Onset of unprecedented toxin-producing 
cyanobacteria blooms in the Cape Fear River system, North Carolina - Mallin MA., Burkholder JM, 
McIver MR, Metheny JD, Strangman WK, Zimba PV, Wright JL (presentation, with published 
abstract). 

Coastal and Estuarine Research Federation, San Diego, CA - Comparative ecotoxicology of an 
agricultural herbicide on benign and toxigenic estuarine phytoplankton - Flood S, Burkholder J, 
Cope G (poster with published abstract). 

 
2012 
NC Water Resources Research Institute, Raleigh, NC – The NCSU Center for Applied Aquatic Ecology 

Falls Lake Monitoring and Research Program - Burkholder J, Reed R, Kinder C, Allen E, James J, 
Mackenzie L (poster with published abstract) 

Falls Lake Creation Care Symposium, Wake Forest, NC - Status of Water Quality in Falls Lake - J. 
Burkholder. The goal of this national symposium was for scientists to inform theologians about 
citizens’ potential roles, including church congregations, in assisting with natural resource 
stewardship issues (keynote presentation, with published abstract) 

 
2011 
NC Water Resources Research Institute, Raleigh, NC (excessive ammonium concentrations 

throughout the Falls Lake water column, and implications for the Falls Lake Rules; with published 
abstract) 
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American Water Works Association National Webinar, online technology used to monitor algae and 
associated environmental conditions (invited, with published abstract) 

LOICZ Open Science Conference 2011 – Coastal Systems, Global Change and Sustainability, Yantai, 
China (Shumway SE, Burkholder JM: mitigating coastal eutrophication – are filter-feeding shellfish 
the answer?) (plenary, with published abstract) 

 
2010 

     NC Water Resources Research Institute, Raleigh, NC (status of water quality in the most important 
potable water supply in North Carolina; with published abstract)   

 
2009 
National Shellfisheries Association, Savannah, GA (bivalve shellfish aquaculture and eutrophication; 

with published abstract) 
North Carolina Academy of Science, Warren Wilson College, Swannanoa, NC (documenting microbial 

changes in reservoirs using metagenomics – coauthor; with published abstract)  
Department of Civil and Environmental Engineering, Northwestern University, Chicago, IL (decadal 

analysis of land use, water quality, and phytoplankton assemblages in a coastal watershed) 
    20th Biennial Conference of the Coastal and Estuarine Research Federation (increasing ammonium in 

eutrophic estuaries, and its potential importance in governing phytoplankton assemblages; with 
published abstract)  

 
2008 
Department of Occupational and Environmental Health, U IA (water quality and algal blooms in 

watersheds influenced by industrialized agriculture) 
NOAA National Symposium on Shellfish and the Environment, Warwick, RI (chronic effects of 

eutrophication on shellfish) 
American Society of Limnology and Oceanography, St. Johns, Newfoundland, Canada (microdynamics 

of physical/chemical structure in a lagoonal estuary - lead, R. Reed; with published abstract) 
North Carolina Water Quality Monitoring Forum, Charlotte (recent advances in technology for 

tracking algal blooms and related environmental conditions; with published abstract) 
 
2007 
Horn Point Environmental Laboratory, U MD (chronic eutrophication of the Neuse Estuary) 

    NC Water Resources Research Institute, Raleigh (CAAE’s Falls Lake Monitoring and Research 
Program; with published abstract)   

NC Water Resources Research Institute, Raleigh (groundwater and benthic nitrogen flux in the Neuse 
Estuary - lead, K. Null; poster with published abstract)  

    NC Water Resources Research Institute, Raleigh (long-term impacts of changing land use practices on 
water quality and phytoplankton assemblages in the Neuse River ecosystem - lead, M. 
Rothenberger; poster with published abstract)   

Annual Conference of the North Carolina Academy of Science, Greenville (inorganic nitrogen flux 
across the sediment-water interface in the Neuse Estuary - lead, K. Null; poster with published 
abstract). 

Conference, Water Initiatives: What’s on the Horizon for Lake Users and Managers, Greensboro. 
19th Biennial Conference of the Estuarine Research Federation, Norfolk, VA (temporal and spatial 

variability in high-resolution, cross-estuarine physical/chemical structure in the Neuse Estuary – 
lead, R. Reed; poster with published abstract). 

    19th Biennial Conference of the Estuarine Research Federation, Norfolk, VA (multivariate analysis of 
phytoplankton and environmental factors in a eutrophic estuary - lead, M. Rothenberger; poster 
with published abstract).   
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2006 
Department of Biology, Cornell University (water quality trends in the Neuse Estuary) 
Department of Marine Sciences, U CONN (water quality trends in the Neuse Estuary) 
 
2005 
Department of Biology, UNC Greensboro (water quality trends in the Neuse Estuary) 
Wilkes Community College, Wilkesboro, NC (honors seminar series - water quality issues) 
 
2003 
Center for Science in the Public Interest: Conflicted Science Conference, Washington, DC (water 

quality and confined animal feed operations [CAFOs]; with published abstract) 
Yale University - Conference, The Chicken (environmental impacts of CAFOs; with published abstract)  
 
2002 
Medical School, Harvard University (marine diseases, anthropogenic influences) 
Wilkes Community College, Wilkesboro (honors seminar series - water quality issues) 
 
2001 
Washington College (Chesterton, MD; environmental impacts of CAFOs) 
Veterinary, Wildlife and Ecological Toxicology Department, Veterinary Biosciences College of 

Veterinary Medicine, U IL (national water quality issues) 
School of Design, NCSU (environmental effects of CAFOs) 
Wilkes Community College (honors seminar series - water quality issues)  
American Society of Agronomy and the Soil Science Society of America (Northeast Branch) – annual 

meeting, URI (environmental effects of CAFOs; with published abstract) 
 
2000 
American Fisheries Society - annual meeting, St. Louis, MO (environmental effects of CAFOs; with 

published abstract).  
American Society of Agronomy, Crop Science Society of America, and Soil Science Society of 

America - joint meeting, Minneapolis, MN (nutrient management on CAFOs, and effects on surface 
water resources; with published abstract)   

Association of Southeastern Biologists, Chattanooga, TN:  Plenary Speaker (national water quality 
issues; with published abstract) 

Rock Valley College - Natural Resources and Community Action Series, Rockford, IL:  Plenary Speaker 
 (national water quality issues) 

U MASS, Amherst - Environmental Policy Seminar Series (invited; national water quality issues) 
Yale University, School of Forestry (national and state water quality issues) 
Department of Zoology, U WA - Seattle (national water quality issues) 
American Fisheries Society (NC chapter), New Hill, NC (impacts of Hurricane Floyd on water quality    

    in the Neuse River and Estuary, and Pamlico Sound; with published abstract) 
 
1999 
US Department of Agriculture - National Resources Conservation Service, Washington, DC (state 

water quality issues)  
Simon Fraser University - Oceans Limited Conference, Vancouver, British Columbia, Canada (chronic 

effects of eutrophication; with published abstract) 
Department of Biology, University of Louisville, Louisville, KY (chronic effects of eutrophication)  
 
1998 
Society of Environmental Toxicology and Chemistry - annual meeting, Charlotte, NC:  Keynote  
   Speaker (effects of chronic eutrophication; with published abstract)   
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1997 
Conference, Nutrients in the Neuse River: Working Toward Solutions (sponsor, UNC Water Resources 

Research Institute [WRRI]), NCSU (effects of chronic eutrophication; with published abstract)  
 
1996 
National Association of Biology Teachers - annual meeting, Charlotte, NC (effects of chronic 

eutrophication; with published abstract) 
Texas A&M University, Corpus Christi (effects of pulsed nutrient enrichment on seagrass physiology)  
Department of Zoology, Oregon State University (OSU), Corvallis (seagrasses and eutrophication)   
 
1995 
Statewide Nutrient Summit (sponsors, NC Sea Grant, NC DEHNR), NCSU (effects of chronic   
   eutrophication; with published abstract)  
Water Quality Research and Extension Overview, College of Agriculture and Life Sciences (CALS), 

NCSU (surface water quality research in CALS; with published abstract) 
 
1994 
NC Academy of Sciences - annual meeting, Manteo - Keynote Speaker (state water quality issues; with   
   published abstract)  
 
1993 
NC WRRI Seminar Series, Keynote Accomplishments in Research on Water Resources in NC, Raleigh 

(seagrasses and water-column nitrate enrichment; with published abstract)  
Horn Point Environmental Laboratory, U MD (seagrasses and water-column nitrate enrichment) 
 
1992 
NC WRRI Seminar Series, Keynote Accomplishments in Research on Water Resources in NC 

(sediment and phosphorus loading: predicting reservoir water quality; with published abstract) 
American Society of Limnology and Oceanography - annual meeting, Edmonton, Alberta, Canada 

(seagrasses and eutrophication; with published abstract)  
 
1990 
Department of Zoology, U WI - Madison (algal phototrophy vs. heterotrophy in turbid reservoirs) 
 
1987 
Department of Biology, Bowling Green State University, Bowling Green, OH (biological interactions 

that structure stream plant communities)  
 
1986 (nutrient interactions - macrophytes, epiphytes) 
Department of Botany, NCSU 
Department of Biology, Fordham University, Bronx, NY 
Savannah River Ecology Laboratory, Aiken, SC 
University of Michigan Biological Station, University of Michigan, Pellston, MI 
1985  
Department of Biology, West Virginia University, Morgantown, WV - importance of benthic 

microalgae in stream ecosystems 
Massachusetts Audubon Society, Lincoln, MA - effects of acid deposition on aquatic ecosystems 
 
Harmful Algal Research 
 
2019 
Glibert PM, Wilkerson FP, Dugdale RC, Raven JA, Dupont CL, Leavitt PR, Parker AE, Burkholder JM, 

Kana TM. Pluses and minuses of ammonium and nitrate uptake and assimilation by phytoplankton 
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and implications for productivity and community composition, with emphasis on nitrogen-
enriched conditions. ASLO – Puerto Rico (with published abstract). 

 
2018 
Buczek SB, Cope WG, Shehdan M, Bishop WM, Richardson RJ, Rice JA, Burkholder JM, Kwak TJ. 

Evaluation of Freshwater Mussel Sensitivity to Algaecides Used in Attempts to Control Giant 
Lyngbya. North Carolina Chapter of the American Fisheries Society, Morganton, NC (with 
published abstract). 

 
Burkholder JM, Allen EH. Potable Source-Water Reservoirs in the Southeast: Forecast for 

Cyanobacteria Blooms. Southeast Chapter of the North American Lake Management Society, 
Asheville, NC (with published abstract). 

 
2017 
Droughts, Internal and External Nutrient Supplies, and Toxic Cyanobacteria Outbreaks in Potable 

Source Waters of the Southeast (Burkholder and Allen, presentation and published abstract). 
Society for Freshwater Science, Raleigh, NC. 

Ecotoxicology of Herbicide Exposure on Harmful Estuarine Phytoplankton under Varying Nutrient 
Conditions (Flood, Burkholder and Cope, poster presentation and published abstract. Microbial 
Toxicology conference, New York. 

 
2013 
Leverhume Foundation International Workshop, U MD - Horn Point, Cambridge, MD (algal 

mixotrophy and water-column nutrients) 
 
2010 
North American Lake Management Society (NALMS), Winston-Salem, NC (climate change and 

harmful algal blooms in the Southeast; with published abstract) 
Webinar Lecture Series, Northwestern University, given at the University of British Columbia, 

Vancouver, BC, Canada (overview on harmful algae) 
 
2008 
Burdick Lecture, Department of Biology, Alfred University, Alfred, NY (Pfiesteria, other harmful 

dinoflagellates - toxicity, impacts) 
Annual Toxicology and Risk Assessment Conference, Cincinnati, OH (the toxins of inland algae; with 

published abstract) 
 
2007 

     Joint meeting of the Phycological Society of America and the International Society of Protozoologists 
(cyanobacteria in eutrophic turbid impoundments of the North Carolina Piedmont - lead, J. 
Burkholder; poster with published abstract)   

     Joint meeting of the Phycological Society of America and the International Society of Protozoologists 
(axenic cultivation of a heterotrophic dinoflagellate - lead, H. Skelton; with published abstract)   

    4th National Symposium on Harmful Algae, Woods Hole, MA (axenic cultivation of Pfiesteria 
shumwayae on a semi-defined medium; poster with published abstract)   

 
2006 
Kalmar University, Kalmar, Sweden (Pfiesteria, other harmful dinoflagellates - toxicity, impacts) 
American Society of Limnology and Oceanography - annual summer meeting:  Plenary Speaker, 

Victoria, British Columbia, Canada (stimulation of harmful algae by eutrophication; with published 
abstract)  
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2005 
  North American Lake Management Society (NALMS) - National Meeting, U WI - Madison – Keynote 

Speaker (cyanobacteria in potable water supplies - with published abstract)   
GEOHAB (Global Ecology and Oceanography of Harmful Algal Blooms) Symposium, Nutritional Ecology 

 of Harmful Algae, Baltimore, MD (importance of intraspecific variation – with published abstract) 
Medical School, Harvard University (harmful algae and seafood safety)  

  NALMS Southeast Chapter Meeting, Asheville, NC (cyanobacteria in potable water supplies - with 
published abstract)   

   American Water Works Association - Source Water Protection Symposium, West Palm Beach, FL 
(cyanobacteria in potable water supplies - with published abstract)   

 
2004 
XIth International Conference on Harmful Algae, Cape Town, South Africa:  Plenary Speaker 

(intraspecific variation in toxicity, behavior and nutrition; with published abstract)  
St. Johns Water Management District, Orlando, FL (effects of harmful algae on fish and mammalian 

health) 
International EnviroVet Program, Harbor Branch Oceanographic Institute, Fort Pierce, FL (marine 

diseases) 
Department of Oceanography, U WA - Seattle (science, policy) 
Shannon Point Marine Laboratory, Western Washington University (science, policy) 
NSF Undergraduate Education Honors Program, NCSU (science, policy) 
 
2003 
Elon University - Voices of Discovery Seminar Series:  Keynote Speaker (Pfiesteria) 
International EnviroVet Program, Harbor Branch Oceanographic Institute (toxic dinoflagellates)  
Florida Institute of Technology (toxic dinoflagellates)  
Conference on Emerging Waterborne Pathogens, NC Department of Health and Human Services (DHHS), 

Wilmington, NC:  Two presentations - toxic dinoflagellates; toxic cyanobacteria)  
 
2002 
Hopkins Marine Laboratory, Stanford University, Monterey, CA (Pfiesteria, other toxic dinoflagellates 

- science, policy, science ethics)  
National Ocean Service, NOAA, Charleston, SC (progress in Pfiesteria research) 
Symposium, Climate Change and Fisheries in the Gulf of Maine (sponsor, NOAA), College of the Atlantic, 

Bar Harbor, ME (harmful algae and climate change) 
Department of Biology, UNH, Durham (toxic dinoflagellates).  
Department of Biology, Williams College, Williamston, MA (toxic dinoflagellates)  
Department of Biology, Miami University of Ohio, Athens (toxic dinoflagellates)   
 
2001 
XIth International Congress of Protozoology, Salzburg, Austria (dinoflagellates - complex life histories 

and feeding behaviors; with published abstract) 
  George Clark Lecture Series, Wetlands Institute, Cape May, NJ (Pfiesteria, other dinoflagellates) 

Society for Risk Analysis, Research Triangle Park (biomarkers for species and toxins) 
Environmental Lecture Series, Ashland University, Ashland, OH (harmful algae and eutrophication) 
Marine Conservation Biology Series, Wheaton College, Springfield, MA (chronic effects of harmful 

algae on fish and mammalian health)   
 
2000 

  IXth International Conference on Harmful Algal Blooms, Hobart, Tasmania, Australia:  Plenary Speaker 
(toxic Pfiesteria; with published abstract)   

Elliott-Nowell-White Symposium, Delta State University, Delta State, MS:  Keynote Speaker (chronic and 
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sublethal impacts of harmful algae on mammalian health) 
Society of Toxicology of Canada - annual meeting, Montreal, Quebec, Canada (toxic dinoflagellates; 

with published abstract) 
Department of Biology, State University of NY - Syracuse (toxic dinoflagellates) 
Brookhaven National Laboratory, Brookhaven, NY (toxic dinoflagellates) 
State University of New York - Stony Brook (toxic dinoflagellates)   
XIIIth World Congress of the International Society of Toxinology, Paris, France (toxic Pfiesteria) 
Centers for Disease Control & Prevention, Atlanta - conference, Pfiesteria: From Biology to Public Health 

(ecology and conservative analysis of role in fish kills; with published abstract)  
National Association of Biology Teachers - Biotechnology Conference. VPI, Blacksburg (harmful algal 

research) 
University of Mississippi, Oxford - Conference, Sustainability of Wetlands and Water Resources (toxic 

dinoflagellates)  
Department of Biology, University of Memphis (toxic dinoflagellates) 
Society of Microbiology - Northeast Chapter, Sturbridge, MA (toxic dinoflagellates) 
Society of Toxicology - annual meeting (sponsor, US EPA), Philadelphia (toxic dinoflagellates; with 

published abstract) 
Southeastern Estuarine Research Society - annual meeting in conjunction with the 29th Benthic Ecology 

Meeting and the annual meeting of the Atlantic Estuarine Research Society, Wilmington, NC (toxic 
dinoflagellates; with published abstract) 

 
1999 
National Academy of Sciences - Workshop on Critical Research Needs, Washington, DC (research needs 

to advance understanding about harmful algae) 
Lake Biwa Research Institute, Forum on Water Quality, Kyoto, Japan:  Keynote Speaker (Pfiesteria, other 

toxic dinoflagellates)  
Woods Hole Oceanographic Institute, Falmouth, MA (toxic dinoflagellates) 
Veterinary School, Tufts University, Grifton, MA (toxic dinoflagellates)  
Department of Biology, Yale University (improved mitigation of harmful algal blooms) 
Georgetown Conference on Policy and Pfiesteria, Georgetown University, Washington, DC:  Keynote 

Speaker (science, policy of Pfiesteria; with published abstract)   
American Association for the Advancement of Science (AAAS) - annual meeting, Anaheim, CA, session, 

“Human Health Risks in the Ocean” (chronic and sublethal impacts; with published abstract)  
AAAS - annual meeting, Anaheim, CA, session “Harmful Algal Blooms” (toxic Pfiesteria; with published 

abstract)  
Department of Geology, University of Oslo (Oslo, Norway) (toxic Pfiesteria) 
Society of Protozoologists - annual meeting, Raleigh:  Keynote Speaker (toxic Pfiesteria; with 

published abstract) 
Department of Ecology Evolution and Behavior, U MN - Minneapolis (toxic dinoflagellates; with 

published abstract) 
Phi Beta Kappa Seminar Series, Elon University (toxic Pfiesteria) 
Honors Seminar Series, Southampton College, Southampton, NY (toxic dinoflagellates) 
Department of Biology, Barton College, Wilson (toxic dinoflagellates) 
Department of Biology, Davidson College, Davidson (toxic dinoflagellates)  
Wilkes Community College, Wilkesboro (toxic dinoflagellates) 
Department of Biology, NC A&T University, Greensboro (toxic dinoflagellates) 
Department of Pathology, UNC Chapel Hill (toxic dinoflagellates) 
Department of Biology, UNC Greensboro (toxic dinoflagellates) 
Department of Biology, University of Louisville (toxic dinoflagellates) 
Sigma Xi - NC Chapter meeting, Appalachian State University, Boone, NC (toxic Pfiesteria)  
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1998 
AAAS - annual meeting, Philadelphia, session, “Management of Harmful Marine Microbes: When 

Science and Politics Don’t Mix” (harmful algae; with published abstract)  
Medical School, Harvard University (harmful algae) 
Shallow Water Conference (sponsor, US EPA), Atlantic City, NJ:  Keynote Speaker (effects of toxic 

Pfiesteria on fish and mammals; with published abstract) 
Gordon Conference - annual meeting, Ventura, CA (acute/chronic effects of toxic dinoflagellates; with 

published abstract) 
Department of Biology, Rutgers University (chronic effects of toxic dinoflagellates) 
Department of Biology, URI (toxic dinoflagellates) 
Department of Pharmacology, U GA - Athens (toxic dinoflagellates)  
American Biological Safety Association - 41st Annual Biological Safety Conference, Lake Buena Vista, 

FL: Eagleston Lecture (Pfiesteria, other toxic dinoflagellates; with published abstract) 
Wildlife Disease Association - 47th Annual Conference, U WI - Madison (toxic Pfiesteria; with 

published abstract)  
Department of Biology, Purdue University (toxic dinoflagellates) 
American Institute of Biological Sciences - 49th annual meeting (toxic dinoflagellates; with published 

abstract)  
Microbiology Society of NC - annual meeting, Research Triangle Park:  Keynote Speaker (Pfiesteria, 

other toxic dinoflagellates)  
NC Water Resources Association - Conference on Water Pollution Issues in NC, Asheville: Keynote 

Speaker (Pfiesteria, other toxic dinoflagellates; with published abstract)  
Northeast Algal Symposium - annual meeting, Plymouth, MA – Keynote Speaker (toxic Pfiesteria; with 

published abstract) 
American Society of Limnology and Oceanography - joint summer meeting with the Ecological Society 

of America, Symposium Session Honoring Minority Students:  Keynote Speaker (Pfiesteria, other 
harmful algae; with published abstract) 

Stanford University, Institute of Ecosystem Ecology (toxic Pfiesteria) 
NASA, Goddard Space Center, Baltimore, MD (Pfiesteria, other toxic dinoflagellates) 
Keynote Seminar Series in Marine Sciences, Wilmington, DE (sponsors, U DE, DE Sea Grant): 

Presentation (Pfiesteria) 
Friends of the Library, NCSU (Pfiesteria, other toxic dinoflagellates) 
Department of Biology, Auburn University (toxic dinoflagellates) 
Department of Environmental Sciences, Drexel University, Philadelphia (toxic Pfiesteria)   
Department of Biology, Hampden Sydney College, Hampden-Sydney, VA (toxic dinoflagellates)  
Department of Biology, UNC Charlotte (Pfiesteria, other toxic dinoflagellates) 
Headquarters, US EPA, Washington, DC (toxic Pfiesteria) 
Distinguished Lecturer Series, Old Dominion University, Norfolk, VA (Pfiesteria) 
 
1997 
Society for Conservation Biology - annual meeting, Victoria, British Columbia, Canada (harmful algae 

and eutrophication; with published abstract) 
Department of Biology, University at Buffalo, Buffalo, NY (Pfiesteria, other toxic dinoflagellates) 
Departments of Zoology and Oceanography, OSU (toxic algae) 
3rd Annual Conference on Population-Level Effects of Marine and Estuarine Contamination, Charleston, 

SC (science, policy; with published abstract)  
Wagner College, Staten Island, NY (special college-wide seminar, toxic Pfiesteria)  
Department of Biological Science, Florida State University, Tallahassee (toxic dinoflagellates) 
Department of Botany, Duke University (Pfiesteria, other toxic dinoflagellates) 
Conference on Fisheries, Habitat and Pollution (sponsors, SC Sea Grant, TerrAqua Environmental 
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Science and Policy Institute), Charleston, SC (chronic and sublethal effects of harmful algae; with 
published abstract) 

Institute of Ecosystem Studies, Millbrook, NY (chronic and sublethal effects)  
American Fisheries Society, NC Chapter - annual meeting, Lake Wylie, SC (Pfiesteria; with published 

abstract) 
 
1996 
AAAS - annual meeting, session Global Change and Emerging Infectious Diseases (effects of harmful 

algae on fish and mammalian health; with published abstract) 
NATO Workshop, Physiological Ecology of Harmful Marine Phytoplankton, Bermuda Biological Station 

for Research (raptorial dinoflagellates; with published abstract) 
Sigma Xi - UNC Greensboro and NCCU Chapters:  Keynote Speaker (toxic Pfiesteria) 
Department of Biology, Southampton College, Long Island University, Southampton, NY (toxic 

dinoflagellates) 
Department of Biology, University of Cincinnati, Cincinnati (toxic dinoflagellates) 
NIEHS, Research Triangle Park (toxic Pfiesteria) 
Whitney Laboratory, U FL - St. Augustine (toxic dinoflagellates) 
Department of Biology, Wake Forest University, Winston-Salem (toxic dinoflagellates) 
Association of Women in Science, UNC Chapel Hill (Pfiesteria, other toxic dinoflagellates) 
Texas A & M University, Corpus Christi, TX (Pfiesteria, other toxic dinoflagellates)  
 
1995 
Society of Protozoologists - annual meeting, U AL, Tuscaloosa, AL:  Keynote Speaker (toxic Pfiesteria and 

its microbial, macroinvertebrate and vertebrate prey; with published abstract)  
5th Pan American Symposium on Animal, Plant and Microbial Toxins, Baltimore, MD (Pfiesteria; with 

published abstract) 
Department of Toxicology, NCSU (toxic dinoflagellates) 
Department of Biology, U MD, Baltimore, MD (toxic Pfiesteria) 
 
1994 
First International Conference on Ecosystem Health and Medicine, Ottawa, Ontario, Canada (effects on 

human health; with published abstract) 
E-MAP Monitoring Program, US EPA, Research Triangle Park (emerging toxic algae - effects on fisheries 

and public health) 
Department of Biology, University of Richmond (emerging toxic algae) 
Department of Environmental Health, Boston University (toxic dinoflagellates) 
Department of Biology, SUNY - Stony Brook (toxic dinoflagellates) 
International Society for Evolutionary Protistology - Biennial Meeting, Halifax, Nova Scotia, Canada:  

Keynote Speaker (Pfiesteria and its prey; with published abstract) 
Institute of Ecology, U GA - Athens (harmful heterotrophic dinoflagellates) 
Department of Fisheries and Aquaculture, U FL - Gainesville (toxic dinoflagellates) 
 
1993 
Fifth International Conference on Modern and Fossil Dinoflagellates (Zeist, the Netherlands):  Keynote 

Speaker (toxic Pfiesteria; with published abstract) 
Beta Beta Beta Biological Honors Society, Elon University:  Keynote Speaker (effects of toxic Pfiesteria on 

estuarine food webs) 
Chesapeake Biological Laboratory, Solomons, MD (toxic dinoflagellates) 
Southeastern Fisheries Society, Reidsville, NC (toxic dinoflagellates and fish health) 
Dauphin Island Marine Laboratory, Dauphin Island, AL (toxic dinoflagellates) 
Department of MEAS, NCSU (Pfiesteria) 
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1992 
Vth International Symposium on Toxic Algae, Newport, RI (toxic Pfiesteria; with published abstract) 
Southeast Regional Directors of the Sea Grant College Program - annual meeting:  Keynote Speaker 

(Pfiesteria) 
Department of Zoology, NCSU (toxic Pfiesteria) 
US Geological Survey, Raleigh (toxic Pfiesteria) 
NC Statewide Phytoplankton Meeting, Duke Power Company (Huntersville, NC:  Keynote Speaker) 
Department of Biology, UNC Wilmington (Pfiesteria, other toxic dinoflagellates) 
Department of Biology, Appalachian State University, Boone, NC (toxic dinoflagellates) 
Department of Biology, UNC Greensboro (toxic dinoflagellates) 
US EPA, Narragansett, RI (Pfiesteria, other toxic dinoflagellates) 
Department of Biology - Marine Sciences Group, UNC Chapel Hill (toxic dinoflagellates) 
Bodega Marine Laboratory, U CA - Davis, Bodega Bay (toxic dinoflagellates) 
 
Other Algae  
2012 
Phycological Society of America, Charleston, SC (Mixson, S. and J. Burkholder - enhancing lipid 

production in the marine microalga Dunaliella through environmental stressors; with published 
abstract) 

 
2010 

  Webinar, Northwestern University special summer course for graduate students, given at the 
University of British Columbia, Vancouver, BC (the ecology of periphyton)   

 
2007 

  Society of International Limnologists (SIL) - 30th Congress of the International Association of 
Theoretical and Applied Limnology, Montreal, Quebec, Canada (importance of benthic microalgae 
across freshwater, estuarine and marine ecosystems; with published abstract)   

 
1999        
Society for General Microbiology - Symposium, Microbial Signaling and Communication, University of 

Edinburgh, Edinburgh, Scotland (signaling in dinoflagellates; with published abstract)  
 
1991 

  Department of Biology, VPI, Blacksburg, VA (phytoplankton survival of pulsed suspended sediment 
loading) 

1990 
Center for Reservoir Research, Hancock Biological Station, Murray State University, Paducah, KY 

      (phytoplankton and periphyton dynamics in turbid, eutrophic reservoirs)   
Department of Zoology, NCSU - Aquatic Ecology Seminar Series (mutualistic symbioses involving algae) 
Department of MEAS, NCSU (role of benthic microalgae in eutrophication of freshwater and coastal 

marine habitats) 
 
1989 
Experimental Lakes Area (ELA), University of Manitoba, Winnepeg, Manitoba, Canada (relative 

importance of the water column and macrophytes as nutrient sources for epiphytes)  
Hampton University, Hampton, VA (biotechnology in aquatic ecology) 
Department of Biology, University of Louisville, Louisville, KY (use of autoradiography to examine 

nutrient dynamics of microalgal biofilms)  
  Duke Marine Laboratory, Beaufort (nutrients and epiphytes – unifying trends in freshwater and marine 

ecosystems) 
   



 
 33 

  1988 
Department of Biology, UNC Chapel Hill - Marine Macroalgae Seminar Series (epiphytes) 
Department of Biology, East Carolina University (phosphorus sources for epiphytic microalgae) 
Department of Botany, Duke University (nutrient sources for epiphytic microalgae) 
Environmental Section, Carolina Power and Light Company, New Hill, NC (epiphytic microalgae - role in 

nutrient cycling of lakes) 
 
Science Ethics and Environmental Issues 
 
2023, 2024 
Catawba College Ecology Program (importance of scientists’ integrity in environmental issues) 
 
2006, 2007, 2008, 2009, 2010, 2011, 2012, 2013, 2014, 2015 
Park Scholars Program, NCSU (role of science ethics in environmental issues) 
 
2005 
Department of Epidemiology, UNC Chapel Hill, Forum “Funding, Academic Freedom, and Public 

Responsibility” (industry and water quality)  
 
2004 
Department of Biology, Cornell University (toxic algae)  
Department of Civil Engineering, NCSU (water quality) 
Department of Biology, UNC Asheville (water quality) 
 
2003 
New York Metropolitan Association of College and University Biologists – 36th Annual Conference, 

Wagner College, Staten Island:  Keynote address (role of science ethics in natural resource issues) 
NSF Environmental Education Program, NCSU (toxic algae, water quality) 
 
1999 
Department of Geology, University of Oslo, Oslo, Norway (toxic algae, water quality) 
Park Foundation Lecture Series, College of Journalism, UNC Chapel Hill (critical role of journalists in 

environmental science education and ethics)  
 
1998 
Metcalf Institute for Marine and Environmental Journalism - annual board meeting, URI:  Keynote 

Speaker (how environmental journalists can help to strengthen science ethics) 
 
Academic Contributions 
 
Courses Taught 
 
 PB 595W / AEC 495/592, Environmental Issues in Aquatic Ecology (3 credits, 1990 - present, 

usually fall) - special topics/current events graduate course, updated each time. 
 
 PB/MB 774 / AEC 495/592 The Biology, Ecology and Diversity of Algae (3 credits including 

laboratories; 1987 - present, spring alternate years, updated each time; freshwater to marine, 
microalgae and macroalgae).  

 
 PB 595W / AEC 495/592, Environmental Issues in Aquatic Ecology (3 credits, 1990 - present, 

usually fall) - special topics/current events graduate course, updated each time. 
 
 PB 595A, Aquatic Plant Ecology (4 credits; 1987 - 2015, fall usually alternate years; updated each 
    time). 

 
 BO 595E, Ecology, Evolution and Diversity – (2003; course coordinator, Jon Stuckey); mini-course: 
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designed and taught one of eight modules on aquatic vascular plants as bioinvaders 
 
 PB 824C, Plant Biology Colloquium (1 credit) – co-taught (spring 2002, 2004, 2006, 2009, 2011, 2013); 

graduate students receive training to give presentations, write grant proposals, and critique grant 
proposals). 

 
 HON 398, Honors Seminar on Aquatic Ecology (1 credit, spring 2008) – seminar/discussion course for 

undergraduate honors students on aquatic natural resource issues in North Carolina. 
 
 EMS 496/622/822 or TDE 490/610 – STEM Education Seminar Course, Environmental Issues in  
   Estuarine Ecology and Pedagogical Applications (1 credit, spring 2010), co-taught. 
 
 AEC 495/592, The Biology, Ecology and Diversity of Algae (3 credits including laboratories; spring 

2019, 2020). 
 

Major or Co-major Advisor of Graduate Students 
 
Nicole Lindor, Ph.D. (Plant and Microbial Biology, 2021) 
Thesis: Nutritional ecology of reservoir phytoplankton 
Received a WRRI grant ($10,000, 2018)   
Post-Graduate Position:  Visiting assistant professor, Augustine College, Rock Island, IL (2022) 
 
Stacie Flood, Ph.D. (Plant and Microbial Biology, 2017) 
Thesis: Ecotoxicology of estuarine phytoplankton growth and toxicity in response to atrazine exposures. 
Post-Graduate Position:  Postdoctoral research associate, U.S. EPA, Research Triangle Park, NC (2017). 
 
Stephanie Mixson, Ph.D. (Plant and Microbial Biology [department name change from Plant Biology] - 2013)   
Thesis:  Dunaliella spp. under environmental stress: Enhancing lipid production and optimizing harvest 
Honor: Secured a grant to help support her dissertation research, from the Charles A. and Anne Morrow 

Lindbergh Foundation (2010)  
Post-Graduate Position: Analytical Development Specialist, Medicago USA, Research Triangle Park (2013) 
 
Eva Ngulo, M.A. (Plant Biology, 2011) 
Final paper:  Influence of clay treatment on noxious planktonic cyanobacteria 
 
Kimberly Null, Ph.D. (MEAS; co-advisor with Dr. Dave DeMaster), 2010 
Thesis:  Ammonium dynamics in a shallow lagoonal estuary 
Honors: Secured two grants to help support her dissertation research, from the NC Academy of Science 

(2006) and the Geological Society of America (2006) 
Post-Graduate Positions: Post-Doctoral Research Associate, University of California - Santa Cruz, then 

Post-Doctoral Research Associate, East Carolina University - Greenville, NC (Antarctic research)  
Hayley Skelton, Ph.D. (MEAS; co-advisor, Dr. Dan Kamykowski), 2008 
Thesis:  Nutritional features and feeding behavior of the heterotrophic dinoflagellate, Pfiesteria 

shumwayae 
Honor:  Won the Theodore L. Jahn and Eugene C. Bovee Award for best graduate student research paper, 

annual meeting of the International Society of Protozoologists, Providence, RI (2007) 
Post-Graduate Positions:  Post-Doctoral Fellow, National Research Council, NOAA / University of 

Connecticut (2008), then Supervisor of Algal Culturing, Algenol Biofuels, Fort Myers, FL (2009)  
 
Meghan Rothenberger, Ph.D. (Plant Biology), 2007 
Thesis:  Long-term impacts of changing land use practices on water quality and phytoplankton   
 assemblages in the Neuse Estuary ecosystem, North Carolina  
Honors: Won best graduate research presentation, Graduate Student Forum, Department of Plant Biology 
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(2007) 
  Won best Ph.D. dissertation of the year (2007) at NCSU, from the NCSU Graduate School (2008) 
Post-Graduate Positions: Post-Doctoral Associate, CAAE (Visiting Professor, UNC Greensboro) 
 
Susan Pate, M.Sc. (Botany), 2006 
Thesis:  Impacts of the toxic dinoflagellate Alexandrium monilatum on three ecologically important 
               shellfish species 
Post-Graduate Position:  Laboratory Administrator (Biotechnology), Duke University 
 
Matthew Parrow, Ph.D. (Botany), 2003 
Thesis:   Feeding, reproduction, and sexuality in Pfiesteria spp. and cryptoperidiniopsoid estuarine  
                 heterotrophic dinoflagellates    
Honor:   Won the Kellar Award for outstanding dissertation research (NCSU), 2004 
Post-Graduate Positions:  Post-Doctoral Associate, CAAE 
 
Paul Cancellieri, M.Sc. (Botany), 2001 
Thesis:  Chemosensory attraction of Pfiesteria spp. to fish secreta    
Post-Graduate Position:  Teacher, Durant Middle School, Raleigh 
 
Jeffrey Springer, M.Sc. (MEAS; co-advisor, Dr. Dave Eggleston), 2000 
Thesis:  Interactions between two commercially important species of bivalve molluscs and the toxic 

estuarine dinoflagellate, Pfiesteria piscicida 
Honor:  Won the Best Student Presentation Award at the Annual Meeting of the National Shellfish 

Association, Seattle, WA, 2002 
Post-Graduate Position: Research Associate, CAAE 
 
Naomi Tsurumi, M.A. (Botany), 2000  
Thesis: Influence of Industrialized Swine Agriculture on Air Quality 
Post-Graduate Position: Environmental Policy M.A. program, Duke University 
 
Brant Touchette, Ph.D. (Botany), 1999 
Thesis:  Physiological and developmental responses of eelgrass (Zostera marina L.) to increases in  
               water-column nitrate and temperature 
Post-Graduate Position:  Assistant Professor, Elon University 
 
Elizabeth Fensin, M.Sc. (Botany), 1997 
Thesis: Population dynamics of Pfiesteria-like dinoflagellates, and environmental controls in the  

mesohaline Neuse Estuary, North Carolina, USA   
Post-Graduate Position: Research Assistant, North Carolina Dept. of Environment & Natural Resources 
L. Michael Larsen, Ph.D. (Zoology; co-advisor with Dr. Sam Mosley), 1995 
Thesis: Responses of Diaphanosoma brachyurum (Cladocera: Suicide) and other zooplankton to clay  
 loading and algal food quality in a turbid southeastern reservoir. 
Post-Graduate Position: Assistant Professor, Campbell University, Fayetteville, NC (now Professor 

and Department Chair, Biology) 
 
Leslie (Taylor) Taggett, M.Sc. (Botany), 1995 
Thesis:  Nitrate reductase activity of two intertidal macroalgae across gradients of temperature, 

salinity and desiccation 
Post-Graduate Position: Research Assistant – Analytical Chemistry Laboratory, NC DEHNR 
 
Virginia Coleman, M.Sc. (Botany), 1993 
Thesis:  Community structure and productivity of epiphytic microalgae on eelgrass (Zostera marina L.)           
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                under water-column nitrate enrichment  
Post-Graduate Position:  Research Associate – Algal Laboratory, NC DENR  
 
Phumelele Gama, M.S. (Botany), 1992 
Thesis:  Phytoplankton response to a sediment loading gradient in a mesotrophic reservoir 
Post-Graduate Position:  Lecturer of Botany, University of Zululand, South Africa 
 
Deborah Everitt (Tan), M.S. (Botany), 1992 
Thesis:  Seasonal dynamics of macrophyte communities from a stream flowing over granite flatrock 

in North Carolina, USA 
Post-Graduate Position:  Stream Scientist, MD DNR 
 
Other Graduate Student Committee Memberships 
 

Ph.D. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  

Stephanie Archer, Applied Ecology 
Yini Shangguan, U MD (Center for Environmental Science) 
Brett Hartis, Fisheries, Wildlife and Conservation Biology  
Geoff Sinclair, MEAS 
Diane Whitaker, Science Education 
Katherine Galucci, Science Education 
Daniel Dickerson, Science Education 
Nancy White, Forestry 
Louis Elsing, Forestry 
Dennis Hazel, Forestry 
Gary Kirkpatrick, Zoology 
Francois Bergand, Biological and Agricultural Engineering 
Leslie Dorworth, MEAS 
Thomas Shahady, Zoology 
Randall Jackson, Zoology 
Elise Irwin, Zoology 
Kimberly Jones, Chemistry (UNC Wilmington) 
George Hess, Biomathematics 
Ann Darrien, Zoology 
Elizabeth Marschall, Zoology 
 

M.Sc. 
 
 
 
 

 Mumtahina Riza, Applied Ecology 
 Katherine Culatta, Plant and Microbial Biology 
 Emily Vulgamore, Crop Science 
 Susan Randolph, Science Education 
 John Grady, Plant Biology 
 Carolyn Foley, Botany 
 Chad Coley, Soil Science 
 Angela Poovey, Crop and Soil Science 
 Scott Thomas, Biological and Agricultural Engineering 
 Kristin Toffer, Biology, UNC Greensboro 
 Beth Buffington, Crop and Soil Science 
 Edward Walycz, MEAS 
 Lisa Hartley, Botany 
 Robert Clark, Zoology 
 Beth Walker, Zoology 
 Rose Ragnacci, MEAS 
 Karen Kracko, Zoology 
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Postdoctoral Associate Advisor  
Meghan Rothenberger, 2007:  Present position, Professor, Lafayette College 
Matthew Parrow, 2004-2006:  Present position, Professor, UNC Charlotte 
Brant Touchette, 2000-2002:  Present position, Professor, Elon University 
Cheng Zhang, 1999-2003:  Present position, Research Scientist, NC DEQ  
 
Visiting Fulbright Scholar  
Allasanne Ouattara, Ivory Coast, 2008-2009:  Professor from the University of Abobo-Adjamé 
 
Activities in Other Academic Programs - Kenan Fellows Program (for gifted K-12 teachers)  
Mentor to Amanda Warren (2009-2010) 
Mentor to Susan Randolph (2009-2010) 
Mentor to Diane Whittaker (2007-2008) 
Secondary mentor to Gayle Powell (2007-2008) 
Panelist on selection committee for Kenan Fellows (2007-2009) 
 
Service - the CAAE  
The CAAE provides water quality research information needed at national as well as state and local 
levels, to augment regulatory and non-regulatory programs aimed at optimizing management and 
conservation of water resources from the perspective of protecting fish and human health. The 
CAAE’s strategy in efficiently achieving this goal is to develop strengths in research, training young 
scientists, and outreach education in aquatic science. 
 
General UNC guidance (The UNC Policy Manual, p.1) states that centers should result in benefits to 
efficiency such as “strengthened and enriched programs around the core missions of research, 
service, and instruction, enhanced opportunities for faculty, staff and student[s], and heightened   
economic impact in the state.”  As a small center that emphasizes service, the CAAE: 
 
 Has a unique mission and combination of major areas of focus in outreach education and other 

service, teaching/training young scientists, and research.  
 

 Develops and maintains efficient, cost-effective early warning systems to help safeguard drinking 
water supplies that are depended upon by more than 600,000 North Carolinians in the Triangle 
area and ~250,000 North Carolinians in the Triad area. 

 
 Emphasizes high-frequency, long-term water quality datasets to accurately quantify and track  

nutrient loads and accompanying pollutants in major potable water supply reservoirs and a major 
estuary; the data are also valuable to assess the effects of various management strategies toward 
improving protection of these important surface waters.  

 
 Provides critically needed service for other NCSU aquatic researchers (averaging ~2,800 samples 

for other researchers per year) through analysis by the Center’s State-Certified laboratory; the 
dependable, high-quality data can, when necessary, stand up in court. The CAAE’s state-certified 
water quality analytical laboratory provides high-quality data (total phosphorus, soluble reactive 
phosphorus, total Kjeldahl nitrogen, nitrate+nitrite, ammonium, suspended microalgal chloro-
phyll a, suspended solids) needed by other researchers at cost. Since 2011 the NC environmental 
agency has recommended the CAAE for training other laboratories across the state because in 
“round robins”, CAAE data repeatedly have been superior (most consistent, lowest residuals) to 
those of all competitive water quality analytical laboratories. The CAAE also maintains ~220 
unialgal cultures (freshwater to marine), and has provided cultures  as requested, without charge, 
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to more than 60 scientists or their graduate students 
and postdoctoral associates for their research.  
  

 Has special strength in hands-on outreach education - 
the Center’s programs thus far have provided 
hands-on education about aquatic science to more 
than 10,000 K-12 students (past ~decade), the 

      majority from economically depressed backgrounds  
      (see brochure example on previous page). 

 
Since initiation of this small center in 1999, I have 
served as the director which involves: 
 

 Supervision of a core group of 5 staff scientists  
and 9-11 other personnel;   

 Training of young scientists (6 to 8 
undergraduate research interns per year, and 
under-graduate/graduate student training 
through courses in aquatic science);  

 Interactions with City of Raleigh and City of High 
Point partners in monitoring/research efforts 
designed to help safeguard major potable 
source-waters;   

 Synthesis of research findings and preparation 
of manuscripts for publication; and  

 Direction of an outreach education program that 
reaches ~1,000 8th/rising 9th grade 
students/year. 

 
Other NC State Service  (examples, past five years)  
Member, Dept. of Applied Ecology Mentoring Committee 

for Dr. Erin McKenney (2023-) 
Member, Dept. of Applied Ecology Mentoring Committee 

for Dr. Brad Taylor (2023-) 
Member, Dept. of Applied Ecology Awards Committee 

(2023-) 
Member, Dept. of Applied Ecology Search Committee, Fisheries Ecologist Position (2023-2024) 
Member, Dept. of Applied Ecology Post-Tenure Review Committee (2014-; evaluation of three 

professors in 2023) 
Member, Dean Selection Committee, College of Agriculture and Life Sciences, NCSU (2022, and 2nd 

committee in 2023) 
Member, Provost’s Honorary Doctorate Selection Committee (2022, 2023) 
Member, College of Agriculture and Life Sciences William Neal Reynolds Professorship Selection 

Committee (2023) 
Member, College of Agriculture and Life Sciences Safety Committee (2020-2023) 
Reviewer of Dr. David Tarpy’s teaching for the Dept. of Applied Ecology (undergraduate course, 2023) 
Reviewer of Dr. Erin McKenney’s teaching for the Dept. of Applied Ecology (two undergraduate 

courses in 2019, 2021; one undergraduate course in 2023) 
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Popular Press Articles, Reports, Requested Comments etc.  (examples) 
 
Burkholder, J.M. (2021) Evaluation of the Draft Permits to the Gadsden West River Wastewater 

Treatment Plant for Inclusion of Effluent from the Pilgrim’s Pride Corporation’s Poultry Render-
ing Facility. Requested by Coosa Riverkeeper and the Center for Biological Diversity, 17 pp. 

Burkholder, J.M. (2019) Nitrate in Drinking Water and Surface Freshwaters: Occurrence, Impacts, and 
Recommendations for Protection of Human Health and Aquatic Life. Report requested by the Sierra 
Club, 36 pp. 

Burkholder, J.M. (2018) A Synopsis on Developing Numeric Nutrient Criteria for Freshwaters. Report 
prepared for the Mississippi River Consortium, Chicago, IL, 97 pp. 

Burkholder, J.M. (2006) A major potable water supply reservoir poised for increased cyanobacteria 
blooms. LakeLine (summer), pp. 49-51. 

Burkholder, J.M. (2003) Science and the press. On-line modules (ed., N. Kriesberg), NCSU, Raleigh, NC. 

Burkholder, J.M. (2000) Brushstrokes from Floyd, pp. 72-79. In: Eye of the Storm – Essays in the 
Aftermath, by E.W. Rickert (ed.). Coastal Carolina Press, Wilmington, NC. 

President's Committee of Advisors on Science and Technology (PCAST) (1998) Teaming with Life: 
Investing in Science to Understand and Use America's Living Capital. Section I: Make Use of Current 
Knowledge in Managing Biodiversity and Ecosystems of the U.S., p.27. PCAST Panel on Biodiversity 
and Ecosystems, Washington, DC.   

Coastal Futures Committee (1994) Charting a Course for our Coast - A Report to the Governor of North 
Carolina.  L.R. Preyer, Chair.  NC Department of Environment, Health and Natural Resources, 
Raleigh, 106 pp. [As the only scientist on the 15-member committee, I contributed substantially 
to all sections related to water quality, habitat, and fisheries in the document, and to the executive 
summary  of prioritized recommendations.] 

Burkholder, J.M. (1993) Vital grasses need clean water to grow.  In: Currents, News Letter of the 
Pamlico-Tar River Foundation, Vol. 13, Fall, p.7, Washington (NC). 

Burkholder, J.M. (1993) Golf course runoff: View from below the water surface, pp. 18-23. In: Is Golfing 
Green? The Impact of Golf Courses on the Coastal Environment. Symposium Proceedings (sponsored 
by the NC Coastal Federation and the NCSU Cooperative Extension Service through the NC Sea 
Grant College Program), Wilmington. 

Other Education Outreach (examples, past five years)  
K-12 Students and Teachers  
The CAAE’s Falls Lake Water Quality Forensics Program (2019-2022; renewed for three years by the 
Burroughs Wellcome Fund, 2024-2027) is providing hands-on education about freshwater science, 
water quality assessment, influential characteristics of watersheds, the direct connection between  
water quality and human health, and the importance of citizen stewardship in protecting natural 
resources. Also see “Service - the CAAE” section above. Thus far, about 4,100  8th/rising 9th grade 
students have participated, as well as ~650 1st-2nd graders using our AR Sandbox to learn hydrology). 
 
General Citizenry 
- Webinar for members of Upper Missouri Riverkeeper, a concerned citizens group (the science and 
   policy involved in Montana’s attempt to rescind its numeric nitrogen and phosphorus criteria, 2024). 
- Nutrient Pollution in U.S. Surface Waters - Background, Impacts, and Status (invited, Mississippi River 
 Collaborative, 2023; and invited, Sustainable Phosphorus Webinar Series of the Sustainable  

   Phosphorus Alliance directed by Dr. Jim Elser, 2023). 



 
 40 

- Livestock Production and Surface Waters: Science, Management Capture, and Forecast (invited,  
   Consortium of Environmental Lawyers hosted by the Southern Environmental Law Center, 2023). 
-  Neuse River Documentary (led by Mr. Bill Leslie, WRAL Television Station; panel participant in 

public forums in Raleigh and New Bern, NC about the documentary, 2019).   
Society Memberships   
American Association for the Advancement of Science, Association for the Sciences of Limnology and 
Oceanography, Coastal and Estuarine Research Federation, North American Lake Management 
Society, Phi Kappa Phi, Society for Freshwater Science 
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