
  
 

January 13, 2026 
Submitted electronically to: DEQWQIR@mt.gov, gabrielle.metzner@mt.gov, 
lkrywaruchka@mt.gov 
 
Montana Dept. of Environmental Quality 
Water Quality Planning Bureau 
PO Box 200901 
Helena MT 59620 
  
 RE: Proposed pH Assessment Methodology 
 
Dear DEQ: 
 
Please accept this comment letter on behalf of Upper Missouri Waterkeeper, Montana 
Environmental Information Center, and their membership concerning the Department's proposed 
pH assessment methodology. 
 
Summary 
 
As described herein the proposed pH methodology reflects significant scientific error, omissions, 
or conclusory findings that will not afford Montana surface waters the necessary management 
capable of maintaining and preserving high-quality water or accurately and efficiently 
identifying degraded water quality. Furthermore, the proposed methodologies reflect standards of 
general applicability that are pointedly designed to protect designated uses and implement 
antidegradation requirements, and as such require promulgation through rulemaking pursuant to 
the Montana Administrative Procedures Act.  
 
The proposed methodologies also reflect methods for making designated use and water quality 
criteria impairment decisions, including defining the duration or frequency of water quality 
criteria, and as such appear to constitute a new water quality standard within the meaning of 
Section 303(c) of the CWA and pursuant to the holding of Florida Public Interest Research 
Group Citizen Lobby, Inc., et al. v. EPA, 386 F.3d 1070 (11th Cir. 2004). As such, we expect 
DEQ to submit any finalized criteria methodologies to EPA for consideration and action. 
 
In sum, to best utilize finite resources and advance the state of scientific knowledge and 
precautionary water resource management we urge the Department to withdraw the pH 



assessment methodology proposal and, instead, re-evaluate its scientific basis taking into account 
best-available science and agency duties under the MWQA and CWA. 
 
Scientific Flaws 
 
This letter expressly incorporates by reference the attached expert report by Dr. JoAnn 
Burkholder, PhD. Instead of repeating the substantive analysis contained in that report this 
section will touch on several of the more notable mistakes, errors, and conclusory findings that 
undermine the scientific credibility of proposed pH methodology. 
 
First, we are concerned that, despite recitation of the scientific consensus regarding the 
importance of pH monitoring to waterway health, the draft pH assessment method sanctions 
inadequate sampling to such an extreme degree that DEQ would accept a selection of grab-
samples collected outside the growing season as sufficient to assess impairment, which is almost 
always associated with eutrophication and precipitation events during the growing season. More 
broadly, within each of the proposed four (4x) acceptable sampling scenarios DEQ's proposed 
methodologies omit critical sideboards regarding essential timing and sampling volume 
requirements both within, and outside, the growing season. The draft's proposed sampling is not 
only contrary to DEQ's own scientific findings regarding what constitutes representative pH 
sampling, but so too contrary to the overwhelming scientific consensus regarding the timing and 
volume of representative pH sampling to determine impairment. 
 
We urge DEQ to better define why continuous sampling within the growing season without 
capturing variability; continuous sampling outside the growing season without reference to 
extremes; why 5x discrete grab samples outside the growing season; 10 discrete grab samples 
within the growing season; or some other To Be Determined grab sample arrangement are 
defensible in terms of capturing actual pH variability and capable of, in a statistically significant 
manner, defining the waterbody character and impairment against the pH water quality standard. 
 
Second, the draft does not distinguish precipitation-based events and their potential impact on 
sampling in headwater reaches. Montana's rich history of hard rock and coal mining means that 
the methodology needs to account for potential pH variability based upon documented historic 
mining activity, and in turn require tailored monitoring protocols for those reaches. The 
methodology is proposed as applicable statewide despite a wide variability in historic mining 
practices and geologic formations which, in turn, can dramatically affect local waterway 
segments in terms of pH. 
 
Suggested improvements include the following: 
 

• Continuous monitoring should be required for pH assessment of impairment and use 
support, including pre-dawn and late afternoon measurements; 

• At least five days of sampling should be completed during the period of maximum algal 
variable production using a shorter, 15 to 30 minute frequency, on dates without rain 
events or cloud cover; 

• Continuous monitoring should be required for pH assessment to support any proposed 
delisting; 



• Streams receiving AMD should be additionally sampled during/after precipitation events 
for at least five days to capture pH minima, whereas continuous monitoring should be 
used to assess minima within the storm influenced period.  

 
 
Legal Framework 
 
 MAPA Requirements 
 
The Montana Administrative Procedures Act (MAPA) requires that before an agency adopts a 
rule, it must publish notice of the proposed rule and provide interested persons the opportunity to 
comment. MCA §§ 2-4-302, 305. MAPA defines a "rule" as "each agency regulation, standard, 
or statement of general applicability that implements, interprets, or prescribes law or policy." 
MCA § 2-4-102(11)(a). "Legislative rules" are subject to notice and comment procedures (and 
are invalid without), whereas interpretative rules and policy statements are not. MCA § 2-4-
102(14). Unless a rule is adopted in substantial compliance with these procedures, the rule is not 
valid. 
 
The Montana Supreme Court has found that where an agency applies a metric of general 
applicability to constrain its decision-making, and such metrics have not undergone MAPA 
rulemaking, the agency acts unlawfully by using a legislative rule outside the rulemaking 
process. Here, the proposed pH methodologies qualify as a statement of general applicability in 
that they expressly apply to DEQ's evaluation of pH water quality standards in Montana surface 
waters. And, these documents would "interpret" the commands of Circular DEQ-7 and MCA 75-
5-303, and ARM 17.30.601 et seq. Those interpretations would then be "implemented" by the pH 
methodology by expressly setting out agency "policy", which is then carried out by staff or 
partners vis-a-vis sampling and assessments of waterway health. The proposed pH methodology 
qualify as a legislative rule under MAPA and must be promulgated through a formal rulemaking 
to be lawful under state law. 
 
 CWA/MWQA Requirements 
 
The Montana Water Quality Act explicitly incorporates and is required to be compliant with the 
federal Clean Water Act. Under the CWA, states are required to identify and adopt water quality 
standards to define the “goals of a water body, or portion thereof, by designating the use or uses 
to be made of the water and by setting criteria that protect those designated uses.” 40 C.F.R. § 
131.2. One such use includes the “protection and propagation of fish[.]” Id. Protective ammonia 
and DO standards and their implementing methodology are essential to the protection of aquatic 
life and especially cold water salmonids. States must review applicable water quality standards at 
least once every three years, commonly referred to as a “triennial review,” and must submit the 
results of this review, including any proposed revisions to water quality standards, to the EPA for 
ultimate review and approval. Id. at § 131.20(a), (c).  
 
The proposed pH methodology qualifies as a revision of standards subject to Section 303(c) of 
the CWA because: 



1. The document addresses designated uses, water quality criteria, and antidegradation 
requirements for surface waters in Montana; 

2. The document expresses levels of protection by virtue of established sampling and 
assessment parameters that constrain impairment determinations and change the 
magnitude, duration, and frequency of criteria applicability. 

 
MCA § 75-5-303(1) mandates that "[e]xisting uses of state waters and the level of water quality 
necessary to protect those uses must be maintained and protected." Further, "[u]nless authorized 
by [a nondegradation review] or exempted from review under 75-5-317, the quality of high 
quality water must be maintained. As detailed in the expert report, application of proposed 
methodologies will allow exceedances of criteria to go un-recorded, in effect allowing 
degradation contrary to the express requirements of the WQA.  
 
DEQ's decision-making here must be guided by Article II, Section 3 and Article IX, Section 1 or 
the Montana Constitution. These provisions to a 'clean and healthful environment' and the State's 
duty to 'maintain and improve a clean and healthful environment' are intended to not "merely 
prohibit that degree of environmental degradation which can be conclusively linked to ill health 
or physical endangerment." MEIC v. DEQ, 1999 MT at ¶77, 296 Mont. at 230, 988 P.2d at 1249. 
Read together, they require DEQ to assure its actions afford "protections which are both 
anticipatory and preventative." Id.  
 
In contrast and as examined fully by the expert report, DEQ's proposed pH methodology offers 
inaccurate or conclusory findings that can avoid detection of harmful pH exceedances in 
waterbodies and, as a result, are not capable of accurately identifying much less preventing harm 
to the environment, and therefore must be reconsidered. 
 
Conclusion 
 
For all the foregoing reasons we object to DEQ's proposed methodology and request the agency 
withdraw its proposals and reconsider their lack of scientific, public policy, and legal 
foundations. 
 
Respectfully submitted- 
 
/s/ Guy Alsentzer     /s/ Derf Johnson 
Executive Director     Deputy Director 
Upper Missouri Waterkeeper    Montana Environmental Information Center 
 
CC: 
 
Stephanie DeJong, Water Division Director, Region 8 EPA 
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Comment on the Draft “pH Assessment Method for Streams and Rivers in Montana” 
(November 2025) by the Montana Department of Environmental Quality (MDEQ) 

JoAnn Burkholder, Ph.D., 7 January 2026 

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 scienti�ic merit of the draft “pH Assessment Method” (hereafter, the 
draft) by MDEQ. Montana has some of the nation’s only remaining native trout populations in 
sensitive headwater streams (MDEQ 2016, U.S. Department of Agriculture [USDA] Forest Service 
2024). The method is planned for use as guidance to assess the aquatic life bene�icial use for all 
Montana stream and river classi�ications. MDEQ (draft, p.1) identi�ied Aquatic Life as the most 
sensitive bene�icial use with respect to pH-related impairments. The writing below contains my 
expert opinions, which I hold to a reasonable degree of scienti�ic certainty. These opinions are based 
upon my application of expertise and professional judgment to the suf�icient facts and data after 
reviewing pertinent available documents and a large body of science literature.  

As the MDEQ acknowledges (draft, p.1), pH is an important factor that fundamentally 
in�luences species occurrence and survival, from microbes to apex predators, in aquatic habitats 
(U.S. EPA 1986). In addition, pH is a sensitive response variable to nutrient enrichment (U.S. EPA 
2000). It is strongly in�luenced by algae and plants, which are directly stimulated by nutrient 
pollution (U.S. EPA 2000). Their photosynthesis drives up the pH to maxima in late afternoon/early 
evening (U.S. EPA 2021). Their respiration, and that of animals, bacteria, and fungi, releases carbon 
dioxide that combines with the water to form a weak acid, decreasing the pH so that it is often 
minimal (most acidic condition) just before dawn (U.S. EPA 2021). Measurement of the minimal and 
maximal pH extremes is needed to assess whether a river or stream is within an acceptable range, 
or in violation of the state water quality standard (Administrative Rules of Montana 17.30.621 
through 17.30.629). Importantly as well, pH minima and maxima over a diel (24-hour) cycle 
additionally are valuable in helping to identify freshwaters impacted by nutrient pollution.  

My overall evaluation of the draft pH assessment document is that three (discrete sampling) 
of the four methods wrongly described as acceptable will fail to detect harmful pH levels. One of the 
three is so poor that it likely will only detect harmful pH levels if they are constant and indicative of 
extreme impairment. The fourth method (continuous monitoring) is appropriate in approach but 
will miss harmful pH levels because, as applied in the draft, it may be inadequate in sampling 
duration and it will be weak to ineffective in seasonal timing.  

Montana had protective, science-based numeric nutrient criteria for its wadeable streams and 
rivers (U.S. EPA 2015), recently abandoned by the state legislature (Western 2025). Those criteria 
would have enabled clear assessment of nutrient-related impairment versus compliance. The draft 
pH assessment will further weaken protection of Montana’s streams and rivers from nutrient 
pollution. The poor sampling designs and unacceptable data requirements will cause harmful pH 
conditions to be easily missed. As the direct result, these economically and ecologically important 
waters will not be assessed as nutrient-impaired until they have already sustained major 
degradation from nutrient pollution. The rationale for this evaluation is explained below. 
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II. The draft ignores science and sanctions inadequate sampling that will fail to detect 
harmful pH levels.  

The pH is often referred to by aquatic specialists as a master variable that strongly in�luences 
species presence/absence (U.S. EPA 1986, Jiann et al. 2013, Ciszewski and Grygar 2016). As the 
MDEQ notes (draft, pp.1-2),   

pH can exert direct toxicity by affecting cell membrane processes, gill function,    
and other physiological stress to aquatic organisms. Additionally, pH in�luences    
the toxicity of many compounds, solubility of metals, and bioavailability of 
nutrients (U.S. EPA 1986)….Both high and low pH values in a waterbody can 
negatively impact the growth and propagation of aquatic life [through] affecting 
cellular osmoregulation and enzyme activities….Effects may include mucus on     
gills [promoting suffocation], decreased growth, damage to skin, eyes [and other 
disease), reproductive failure, and death (EPA 2023)…. 

Science has established that pH greatly depends upon time of day, season, and plant/algal 
abundances (e.g., Parker et al. 2007, U.S. EPA 2021, Elfferich et al. 2024). Sampling strategies to 
detect harmful pH conditions for bene�icial aquatic life must therefore be carefully designed, 
including suf�icient frequency in sampling to accurately capture pH conditions. Continuous 
monitoring or careful timing of multiple samples are required to detect pH minima during periods 
of high algal production, which typically occur in the warmer part of the growing season (Weisel 
and Newell 1970, Wang et al. 2025). Yet, the draft document sanctions inadequate sampling to such 
an extreme that MDEQ would even consider a few grab samples collected outside the growing season 
as suf�icient to assess impairment.  

MDEQ’s writing (draft, pp.1-2,7) demonstrates that the agency is aware of established science, 
and acknowledges that:   

*  Major diel changes occur in pH due to photosynthesis during the day and high respiration at 
night (U.S. EPA 2021).  

*  These changes can adversely affect sensitive bene�icial biota and cause violations in 
Montana’s water quality standard.  

*  There is a general phenomenon of pH change over a diel (24-hour) period, wherein minima 
occur in early mornings (further clari�ied by MDEQ as usually pre-dawn – draft, p.7) from high 
nightly respiration that consumes oxygen and increases mildly acidic carbon dioxide, and pH 
maxima occur during late afternoons/evenings from high photosynthesis (draft, p.7).   

*  The pH extremes (minima and maxima) needed to evaluate impairment versus compliance 
with the pH standard (range) are usually most pronounced in late summer when many algae 
and plants tend to be most abundant in Montana streams and rivers. That timing within the 
growing season is important for realistic assessment of pH-related impairment due to over-
stimulation of algal/plant growth by eutrophication (nutrient pollution – MDEQ draft, pp.1-2).  

Accordingly, the draft (p.9) counsels that “monitoring [for pH assessment] should occur 
during months where aquatic plant and alga[l] growth [are] most prevalent and when stream�low is 
relatively low…. [which is] the most critically sensitive time of year when seasonal maxima or 
minima [in pH] are likely to occur.”  That description typically corresponds to the warmest months 
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of the growing season (U.S. EPA 2021, Wang et al. 2025), which is also when �lows tend to be lowest 
in Montana streams and rivers (Suplee et al. 2015; Cross et al. 2017; MDEQ undated, MDEQ 2021). 

The draft (p.5) favors *use of continuous monitoring because it “allows for assessment of 
changes in pH throughout the day that cannot be captured by a single sample (U.S. EPA 2021).” 
Because pH follows the described diel pattern, often with rapid changes (Parker et al. 2007), it 
would logically follow from the MDEQ’s writing that accurate assessment of pH minima and maxima 
during a diel cycle can be captured by continuous monitoring at appropriate frequency, but not by a 
single sample taken in the morning and a single sample taken in the afternoon because timing 
within the diel cycle varies substantially depending upon weather conditions and algal/plant 
growth (e.g., Campbell et al. 1995, Nimick et al. 2005, Chappell et al. 2017).  

Importantly as well, the MDEQ (draft, pp. 4 and 9) correctly identi�ies what should be the goal 
of a sound, science-based sampling strategy for pH assessment:  

Given that pH levels in a waterbody often �luctuate diurnally [correction: on a diel 
basis] and seasonally, it is essential that datasets adequately capture this variability 
to support an accurate assessment of use attainment [emphasis added]….When 
designing a [pH assessment] study, data collection should target a portion of the 
growing season. 

Yet, despite explaining the science correctly, MDEQ’s (draft, p.4) four acceptable scenarios for 
minimal pH data requirements in use attainment evaluations abruptly ignore the science and fall far 
short of meeting the above-stated goal, as follows. According to MDEQ’s draft pH assessment:  

 Continuous sampling (not required) would not have to be conducted during the growing 
season. It would involve sampling for �ive days (24-hr diel periods), inside or outside the 
growing season.  
 

A. If continuous sampling is conducted inside the growing season:   
 
The data could be used to assess impairment or use support (that is, violations vs. 
compliance with the state water quality pH standard). However, various studies have 
shown that monitoring to detect pH-related impairment due to algal/plant should be 
conducted during the growing season. Lack of appropriately timed samples during the 
growing season means that pH-related impairment would be missed.  

 
Five days inside the growing season can detect impairment IF appropriately timed during 
the period of maximal algal/plant growth. Otherwise, continuous monitoring likely will 
fail to accurately capture pH extremes. As examples,  

 
   (i) Cloudy days or storms that decrease light availability and depress photosynthesis 

(Utz et al. 2020) would minimize pH extremes related to harmful algal overgrowth.  
 

  (ii) Production of biomass for noxious algae, such as Cladophora which is widespread in 
Montana, is often maximal in Montana streams and rivers during late summer (mid-
August through early September; Suplee et al. 2015, 2016). Rather than brie�ly 
de�ining the growing season, the draft referred readers to two other documents, 
Suplee and Sada (2016) and Clift et al. (2024), to uncover what the draft writing 
means by “growing season.” Suplee and Sada (2016 - Table 2) de�ined it as extending 
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from July 1 through September 30 in wadeable Montana streams, except for one sub-
ecoregion (June 16 through September 30). Clift et al. (2024), a draft document about 
large rivers, did not de�ine the growing season. A footnote to Table 1-3 in Clift et al. 
stated that nutrient and chlorophyll a standards in the table were to apply from June 
21 to September 21. Was that inferred by the draft authors to mean the growing 
season? If so, then apparently the draft would allow sampling for pH assessment 
inside the growing season to mean that measure-ments would need to be taken from 
July 1 or June 16 or June 21 to September 30 or September 21. 

 
Sampling outside the maximum period for biomass production of noxious algae like 
Cladophora, such as early July, would bias the data in favor of narrower �luctuations in 
pH due to lower photosynthesis and, therefore, would minimize extremes (minima 
from nightly respiration, maxima during late afternoon photosynthesis), so that 
impairment which actually did occur during the maximum Cladophora period would 
be missed. As for the end of the growing season, Suplee et al.’s (2015) work 
documented dieback and decomposition of major Cladophora growth by late 
September. Thus, sampling during September 21-30 would be expected to bias the 
data in favor of narrower �luctuations in pH so that, again, extremes would be 
minimized and impairment—which would have been detected with appropriate 
timing—would be missed.  

 
(iii) MDEQ (draft, p.5) would allow measurements at hourly intervals. Automated 

samplers can be set at much higher frequency; 15- or 30-minute intervals are 
commonly used (Jarvie et al. 2001, Robinson and Roby 2006, Reed et al. 2010, 
Chappell et al. 2017 and references therein). In a previous document about sampling 
dissolved oxygen, which is strongly in�luenced by photosynthesis as is pH, MDEQ 
(2024, p.6) had in fact counseled, “Data used for [continuous] assessment should be 
collected at equal intervals of 15–30 minutes…,” although intervals of up to 1 hour 
were accepted.  

 
In the logarithmic pH scale, a change of 1 unit corresponds to a 10-fold increase in 
acid or base properties (Wetzel and Likens 2000). The pH can change rapidly in 
streams, rivers, and other freshwaters. For example, acidity (acid properties) can 
double within 1 hour, corresponding to a change of 0.3 unit on the pH scale (e.g., 
Vidal-Abarca et al. 2002, Gammons et al. 2011, Stowe et al. 2018). An entire hour 
between measurements could miss pre-dawn minima or late afternoon/early evening 
maxima even with continuous monitoring, which would defeat the purpose of the 
sampling effort in assessment of impairment or use support.  

 
 
 B.  If continuous sampling is conducted outside the growing season:   
 
       The draft mistakenly asserts that impairment can be determined but not use support. 

Such sampling can instead be expected to miss pH extremes related to algal/plant 
overgrowth—lowest minima and highest maxima—so that the sampling design would 
avoid the highest likelihood of impairment from both. MDEQ, in fact, acknowledges (draft, 
p.5) that such data would not be suf�icient to assess whether the stream or river was fully 
meeting water quality standards “due to the lack of data from sensitive timeframes.” 
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Stated less vaguely, data to assess lowest minima and highest maxima would not be taken, 
meaning that impairment cannot be accurately assessed. 

 
 Discrete data minimal requirements as outlined in the draft includes three scenarios 

(sampling designs or approaches) that are not science-based: 
 
** 5 grab samples, each collected on a different day outside the growing season, would be 

considered adequate by MDEQ to determine impairment.  
 
      As explained, it is not possible for ONE sample per day, collected at any (unspeci�ied) time 

on 5 different days outside the growing season, to detect harmful pH minima that occur at a 
given site (often pre-dawn), and harmful pH maxima that may be common in late 
afternoon/early evening—conditions known to occur especially during the warmest months 
of the growing season (e.g., Gammons et al. 2007, Richards and Henneberg 2021). MDEQ 
(draft, p.5) wrongly claims that use of one discrete sample per day will make it “dif�icult to 
determine if adequate daily minimum and maximum data have been collected….”  It will not 
be dif�icult.  It will be impossible.   

 
      MDEQ is aware of that fact:  The writing weaves back and forth between description of 

accepted science and sampling designs that sharply contrast with it. The draft (p.5) explains 
that the data can indicate impairment “when obvious sources” are present (inferred to mean 
extreme conditions, for example immediately adjacent to a known pollution source). The 
draft states that this is not the preferred monitoring design, but that  MDEQ will sanction its 
use anyway, for “any readily available data” [emphasis added]. This sampling design is 
grossly inadequate except in degraded (highly pH-compromised) stream segments. Its use 
in pH assessment of streams that are not clearly pH-degraded would be highly reactive 
rather than protective because the approach would fail to detect impairment on any but the 
already-most-pH-impaired Montana rivers and streams.   

 
** 10 grab samples (2 measurements per day x 5 days) representing daily minima and maxima 

from 5 days inside the growing season would be considered adequate by MDEQ to 
determine either impairment or use support. MDEQ counsels (draft, p.8) that measure-
ments should be taken between 4 am and 8 am to [attempt to] capture the daily minimum, 
with one measurement per morning; and that one measurement per day should be taken 
per afternoon between 2:30 pm and 5 pm to [attempt to] capture the daily maximum.  

 
      However, as explained above (and see the draft, p.7), during the growing season, pH in many 

streams is usually minimal pre-dawn. If data are collected after dawn, algal photosynthesis 
can rapidly increase pH (e.g., by 0.3 unit per hour; Parker et al. 2005) so that the minimum 
would likely be missed. The afternoon timing is appropriate except that the daily maximum 
can occur through ~6 pm depending on algal/plant biomass, photosynthetic activity, and 
weather conditions (Vidal-Abarca et al. 2002; Parker et al. 2005, 2007).  

 
      The draft (p.8) also (strangely) counsels that, depending on the known stressors in�luencing 

an individual AU or stream reach, collection of both morning and evening samples may not 
be needed. MDEQ mentions eutrophication as an example, which seems illogical considering 
that elsewhere (p.2) the draft relates low pH in early morning and high pH in late afternoon  
/evening to high algal/plant biomass, which is commonly fueled by nutrient pollution  
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     (eutrophication).  
 
      Other important considerations were not mentioned. For example, would sampling be 

required during the warmest months of the growing season, or could sampling be con-
ducted in cooler months that would minimize the likelihood of detecting harmful pH levels? 

 
** A “large discrete dataset” from grab samples collected at any time of day, any day of the year, 

would be considered by MDEQ as acceptable for determining pH-related impairment or use 
support, as long as the dataset “adequately represents the growing season.”  

 
     How would MDEQ decide that? What speci�ic criteria would be used for the evaluation? The 

draft (p.5) counsels that the data should “adequately cover” both seasonal and diurnal 
variability, yet then states that, on the other hand, actually early morning and late 
afternoon/evening pH measurements would not be required “as long as data represent 
growing season conditions.” How would not measuring pH extremes—information needed 
to determine impairment versus use attainment—represent growing season conditions and 
adequately cover data variability? 

 
     The writing seems nonsensical. Beyond the guidance verbiage, are the actual requirements 

for pH measurements to be so lax that any data taken during the growing season will a 
priori be assumed to represent growing season conditions? It should also be mentioned 
that, for this option, the draft omits mention of the need for coverage of pre-dawn 
conditions when pH is often lowest (that is, the draft here ignores the need for diel rather 
than diurnal measurements to adequately capture pH minima).  

----------- 

As explained above, the draft (p.7) accurately describes the known sinusoidal pH pattern in 
Montana rivers and streams during the growing season (e.g., Parker et al. 2007), with lowest pH 
pre-dawn and highest pH in afternoon/evening. MDEQ acknowledges that pH �luctuations causing 
impairment can only be accurately detected using continuous sampling instruments. Rigorous 
research has established that fact.  Elfferich et al. (2024) described the need for water quality 
monitoring at high temporal frequency to “provide a detailed picture of environmental stressors 
[here, pH] and ecosystem response, which is essential to protect and restore river health.” 

Yet, MDEQ then counsels that “due to [unexplained] sampling constraints, one discrete sample 
collected from each of these timeframes” (morning and afternoon), outside the growing season, will 
be considered “representative for general evaluation purposes.” That is, in contrast to established 
science known to MDEQ, the agency plans to approve taking one grab sample sometime before 
dawn or well into the morning light period, and one sample in the afternoon, on �ive days outside 
the growing season, as suf�icient to adequately detect and assess pH-related impairment. Discrete 
samples can quickly, easily be measured for pH (Wetzel and Likens 2000). Explanation is not 
provided about constraints that would be so severe as to restrict sampling to one measurement 
within a 4-hour morning period and one measurement within a 2.5-hour afternoon period.  So few 
measurements, taken outside the growing season, cannot reliably detect impairment. The approach 
can be expected to substantially underestimate impairment or miss it entirely. 

The draft (p.7) adds the curious statement, “This guidance may not fully apply if acid mine 
drainage is affecting an AU with low eutrophication….”, No further explanation is provided. What 
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does “fully apply” mean? Will the important decision about when to monitor [many] affected sites 
(which may be dif�icult to detect – see below) will be left entirely to the discretion of the sampling 
personnel? How will they be trained to accurately assess whether a given site has low eutrophica-
tion, when initial or low signs of eutrophication are often dif�icult to discern in a stream or river 
without concerted, directed sampling (Kelly and Whitton 1998, Dodds 2006)?   

III. The draft does not consider appropriate sampling of precipitation events known to 
strongly influence pH extremes, especially in headwater streams.  

The draft guidance for pH assessment (p.1) is to be applicable to all Montana streams and 
rivers. Montana is generally described as having sustained minimal impact from atmospheric acid 
deposition on freshly mined rocks and soils of mountainous areas (Campbell et al. 1995, Desbo-
rough et al. 1998). However, abandoned mines can be highly prone to acid mine drainage (pH 2-3) 
(O’Neill et al. 2004, Gammons et al. 2010) that adversely impacts many headwater Montana 
streams, and these effects can be exacerbated by storm events (Davies et al. 2011).  The draft (p.9) 
states,  

If monitoring resources are limited, monitoring should occur during 
months when aquatic plant and alga[l] growth is most prevalent and when 
stream�low is relatively low. This will enable the data to encompass the 
most critically sensitive time of year when seasonal maxim[a] or minim[a] 
are likely to occur (i.e., the [summer] growing season). 

That approach follows accepted science when the pH extremes are related to eutrophication 
(nutrient pollution – draft, p.2, 1st paragraph). But it is not scienti�ically supported in headwaters 
when the pH extremes are predominantly related to acid mine drainage (draft, p.2, 2nd paragraph). 

Many areas across the state have sustained major hard-rock mining for gold and metals such 
as copper, and/or coal mining (Slagle et al. 1986, Gunderson and Wheaton 2020) (Figure 1). Mining 
in general, and coal mining in particular, have been projected to increase signi�icantly in Montana 
under policies of the present federal administration (Behan 2025, Lundquist 2025, Montana 
Environmental Information Center 2025). Acidic drainage from abandoned mines is commonly 
described as perpetual, with effects commonly estimated to last for centuries (Gammons et al. 2010, 
Kempton et al. 2010, Keeshin et al. 2025, and references therein). Low-pH conditions in streams 
draining areas with natural acid rock drainage can be exacerbated by mining activities as well, and 
at considerable distances (e.g., ~1 mile or more) downstream from the mine (Newbrough and  
Gammons 2002, Gammons et al. 2005, Kill Eagle et al. 2009). 

Church et al. (2004) included the following description of abandoned hard-rock mines: 

Thousands of inactive hard-rock mines have left a legacy of acid drainage and toxic 
metals across mountain watersheds in the western U.S. More than 40% of the 
watersheds in or west of the Rocky Mountains have headwater streams in which 
the effects of historical hard-rock mining are thought to represent a potential threat 
to human and ecosystem health. In many areas, unmined mineral deposits, waste 
rock, and mill tailings in abandoned mine lands may lower pH and increase metal 
concentrations….Streams near abandoned inactive mines can be so acidic and/or 
metal-laden that �ish and aquatic insects cannot survive…. 
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Figure 1. Upper panel: Map showing locations of lignite coal (yellow) and bituminous (orange) coal 
fields in Montana, variable in sulfur content but generally higher than coal from sub-bituminous 
areas. Modified from Gunderson and Wheaton (2020), originally from Cole et al. (1982). Lower 
panel: Map showing locations of hundreds of abandoned coal and hard-rock mine sites. From  
MDEQ (2017). Abandoned coal mines in higher-sulfur areas of the yellow and orange regions in the 
upper panel, and hard-rock mines (blue triangles) located mostly in southwestern and western 
Montana are prone to acid mine drainage, exacerbated by precipitation events.  
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Coal-bearing formations underlie more than a third of the land area in Montana (Gunderson 
and Wheaton 2020). Montana has the largest estimated recoverable coal reserves of all the states, 
~30% of the U.S. total, and is �ifth among the states in coal production (U.S. Energy Information 
Administration 2024, 2025). Low-sulfur or relatively “clean” coal is mined from subbituminous 
areas, whereas coal with higher though variable sulfur content occurs in some lignite and 
bituminous coal deposits (Figure 1). While only a few major mines in low-sulfur-bearing, sub-
bituminous coal areas remain active, hundreds of abandoned mines occur statewide (Figure 1). 

Increased acidity due to sulfuric acid deposition from fossil-fuel powered plants or acid mine 
drainage generally has not been reported to be problematic because carbonates in the rock spoils, 
and soils rapidly neutralize acidity from pyrite oxidation (Van Voast and Reiten 1988  in Meredith et 
al. 2020). However, abandoned mines in some lignite and bituminous coal areas with higher sulfur 
content are prone to acid mine discharge. For example, Gammons et al. (2010, p.100) wrote, “The 
Great Falls-Lewistown Coal Field in central Montana contains over 400 abandoned underground 
coal mines, many of which are discharging acidic water with serious environmental consequences.” 
Montana streams in some areas, such as the Judith Mountains, are naturally acidic due to pyrite-
containing bedrock (Williams et al. 2015, Gammons et al. 2021), and the low pH would be 
exacerbated by acidic drainage from abandoned mines.  

The draft defers to best professional judgment in evaluating stream and river assessment units 
known to be affected by pollution sources for potential pH-related impairment. However, the 
writing does not mention consideration of seasonal precipitation events and major snowmelt, 
needed for effective pH sampling of AUs impacted by acid mine drainage. Storm events exacerbate 
the depressed pH and other impacts of acid mine drainage (Davies et al. 2011 and references 
therein). Although intense precipitation can provide temporary dilution, storms and early 
snowmelt-related runoff dramatically increase transport of very low-pH drainage (pH 2-3) into 
surface waters as an overall effect that, in small streams, can extend for substantial distance before 
effective dilution and pH increase. The affected distance (stream length) can vary substantially 
depending  not only on the underlying geology along stream segments but also on factors such as 
the volume of acid mine drainage and the stream �low available for dilution (Gammon et al. 2005, 
2010; Nimick et al. 2011). 

Insights about effective monitoring to assess pH-related impairment and use support in 
streams and rivers impacted by acid mine drainage and rain events have been provided by peer-
reviewed science. As examples, Nagorski et al. (2003) sampled two mining-impacted and two 
relatively pristine streams in western Montana over an annual period.  They reported that pH was 
largely in�luenced by short-term �lushing events during very early stages of spring runoff. The 
mining-affected sites had higher concentrations of many trace metals than did the unaffected sites. 
The authors concluded that  

The results underscore the need to sample streams frequently during changing 
hydrologic and climatic conditions in order to accurately monitor surface 
water quality [including pH]….Designing effective management strategies for 
regulation of pollution sources and restoration of rivers requires a rigorous 
approach to water quality sampling….Many of the more extreme measure-
ments were short-lived and would not have been captured in a study designed 
around [sparse] sampling….[emphasis added] 
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Lynch et al. (2010) reported that rain events, although infrequent, contributed more than 20% 
to the cumulative short-term changes in inorganic carbon in the Clark Fork River through (acidic) 
carbon dioxide-in�luenced runoff. Short-term precipitation and cloud-related cooling dramatically 
affected the carbon dioxide concentration in the water through decreased photosynthesis. More 
generally, Chappell et al. (2017) noted that in many headwater streams, the water quality dynamics 
can be strongly controlled by short-term changes in hydrology such as rainfall events (Langan and 
Whitehead 1987, Jones and Chappell 2014). 

The short-lived nature of pH minima underscores the need for detection by continuous 
monitoring. Short-lived plummets in pH during/following rain events and snowmelt runoff, often 
referred to as acid spates, are known to cause major adverse impacts on bene�icial aquatic life and 
can be much more important in�luences on bene�icial aquatic life than average pH (Greene 1999, 
Herrmann et al. 1993, Lepori et al. 2003).  

Section 3.2 of the draft “provides guidance on selecting appropriate times to sample for pH” 
but the guidance is inadequately brief and vague—and the four sampling regimes allowed by MDEQ 
would not have to follow it.  The writing acknowledges that acid mine drainage can affect pH at any 
time throughout the year, but fails to mention worsened impacts related to rain events.  Omission of 
guidance about monitoring the in�luence of storm events in pH assessment of the many streams 
affected by acid mine drainage across the state means that the extent of their pH-related impair-
ment could be missed or arti�icially minimized. 

IV. Recommendations  

The draft indicates solid scienti�ic understanding about the importance of pH as a major 
in�luence on bene�icial aquatic life in Montana streams and rivers, and about how sampling must be 
conducted for realistic assessment of pH-related impairment and use support. However, the 
sampling approaches and minimum data requirements, as described, do not follow accepted science 
and will fail to capture pH minimal and maximal conditions. That information is essential for 
accurate assessment of impairment and use support. The following changes are needed to improve 
the draft so that its methods and data requirements can reliably assess pH impairment and use 
support in Montana streams and rivers:       
    
 Continuous monitoring should be required for pH assessment of impairment and compliance 

(use support), including pre-dawn and late afternoon (2:30 to 6 pm) measurements. Since all 
but perhaps the most polluted streams support some algal and/or plant photosynthesis, 
sampling for pH conditions in streams and rivers in general should follow the same approach 
as for streams and rivers sustaining nutrient pollution (eutrophication):  
 
At least �ive days of sampling should be completed during the period of maximal algal/plant 
viable production (for example, typically from mid-August through early September for 
Cladophora), using a 15- to 30-minute frequency. Sampling should be conducted on dates 
without rain events and major cloud cover.  It should be separated from storms for a suf�icient 
period to allow algal/plant recovery from decreased photosynthesis due to low light 
availability and/or scouring/washout. The data should include site(s) that encompass all 
conditions and pollution sources within the AU, including site(s) near and 0.5 mile 
downstream from where those sources are in�luencing pH. Data sondes should be calibrated  
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and maintained per manufacturer’s guidance. 
 

 If discrete samples are used to assess impairment and use attainment absent continuous 
monitoring instruments, required pH measurements should include pre-dawn and late after-
noon (as above) during the warmest period of maximal algal/plant viable production. Long-
term datasets should not be accepted for assessment of impairment and use attainment unless 
they contain the pre-dawn and late afternoon measurements (as above), taken during the 
period of maximal plant/algal viable production in the AU, needed for accurate evaluation.  
 

 Continuous monitoring should be required for pH assessment that supports delisting. The draft 
(p.6) states that 15 complete days of data are required to be collected, and continuous 
monitoring is the only approach that yields complete days of data. Other than an extended 
duration, the same approach should be followed as described above for assessment of 
impairment and use support.  
 

 Streams receiving acid mine drainage should additionally be sampled during/after at least two 
rain events (0.5-1.0 inch of precipitation predicted) for at least �ive days during the warmest 
part of growing season to capture pH minima near the main drainage input site and 0.5 mile 
downstream. Continuous monitoring should be used to assess pH minima within the storm-
in�luenced period. If discrete samples are used, pH measurements should include multiple pre-
dawn and late afternoon (as above) measurements per day. 

 
 As the draft mentioned (pp.2,7), other situations may cause or contribute to violations of the 

state’s pH water quality standard, such as the period of maximal senescence by high algal 
and/or plant biomass. The same approach for pH assessment should be followed as described 
for streams and rivers in general (continuous monitoring preferred, or discrete sampling that 
includes pre-dawn and late afternoon, multiple measurements per day, minimum of 5 days, 
etc.), speci�ically targeting the affected and adjacent areas. 
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Contact Information  
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Telephone (919) 515-2726 or -3421; FAX (919) 513-3194  
Email jburk@ncsu.edu   Center website https://caae.cals.ncsu.edu/  
 
Education  
Undergraduate:   Iowa State University    Zoology               B.Sc., 1975 
Graduate:    University of Rhode Island     Aquatic Botany               M.Sc., 1981 
     Michigan State University         Botanical Limnology                  Ph.D., 1986 
  
Research Interests ` 
Chronic effects of eutrophication (nutrient over-enrichment and associated pollutants) on aquatic 
ecosystems spanning the salinity gradient from freshwater to marine, and algal nutritional 
physiology and ecology 
 
Professional Experience in Higher Education  
2013 - present      William Neal Reynolds Distinguished Professor, Department of Applied Ecology; and  
       Director, CAAE  
1998 - 2012      Professor, Department of Plant Biology (formerly Department of Botany), NCSU;  
       and Director, CAAE  
1993 - 1997      Associate Professor, Department of Botany, NCSU  
1986 - 1992      Assistant Professor, Department of Botany, NCSU  
1982 - 1986            Graduate Research Assistant, Michigan State University (W.K. Kellogg Biological      

Station), Hickory Corners, MI  
1981 (fall)              Instructor, Introductory Chemistry (for science majors), Quinebaug Valley 

Community College, Danielson, CT  
1979 - 1980      Instructor of Marine Botany, summers, St. Georges College Prep. School, Newport, RI   
1978 - 1981      Graduate Research Assistant and Graduate Teaching Assistant, Department of 

Botany, University of Rhode Island, Kingston, RI  
1976 - 1977      Environmental Scientist, EcolSciences, Inc., Rockaway, NJ  
1974 - 1975           Undergraduate Research Assistant, Limnology Laboratory, Department of Zoology, 
        Iowa State University, Ames, IA 
 
Awards, Honors and Distinctions   
2022       The Eugene P. Odum Lecture, University of Georgia, Athens, GA (invited; significant  
      ecological questions addressed in broad social and intellectual contexts)  
2016      Women of Achievement Award, General Federation of Women’s Clubs of North Carolina     
2015      Fred A. Harris Fisheries Conservation Award, American Fisheries Society - North Carolina   
                     Chapter (recognizes non-Chapter members who have distinguished themselves by service or  
                     commitment to the fisheries resources of North Carolina)  
2009      Borlaug Joint Award for Service to the Environment and Society, College of Agriculture and 
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               Life Sciences/ College of Natural Resources, NCSU  
2008      William Neal Reynolds Distinguished Professor, College of Agriculture and Life Sciences, 
            NCSU, for excellence in research  
2008      J. Compton River Achievement Award, River Network, lifetime achievement for leadership in 
      research to advance water quality protection   
2007      Darbaker Prize, Botanical Society of America, for excellence in research 
2004      Fellow, American Association for the Advancement of Science (AAAS) 
2003      Honorary Doctorate, Knox College, Galesburg, IL 
2003      Provasoli Award, best paper of 2002, Journal of Phycology 
2001      Honorary Doctorate, Southampton College - Long Island University 
2000      Fellow, Aldo Leopold Leadership Program, Ecological Society of America 
1999      Hutner Award, Society of Protozoologists, for excellence in microalgal research 
1998      Scientific Freedom and Responsibility Award, AAAS  
1998      Distinguished Service in Environmental Education Award, Environmental Educators of North 

Carolina  
1998      Distinguished Scholarly Achievement Award, NCSU Honors Convocation 
1998      Conservationist of the Year Award, National Wildlife Federation 
1998      Conservationist of the Year Award, Governor of North Carolina and the North Carolina  
      Wildlife Federation  
1998      Jack Bayless Award – outstanding presentation of the year, South Carolina Fishery Workers 
      Association, and the North and South Carolina chapters of the American Fisheries Society  
1997      Admiral of the Chesapeake Award, Federal and State Leadership Summit, Washington, DC  
1997      Outstanding Achievement Award, Society of Business and Professional Women of North  
      Carolina  
1997          Pew Fellow in Marine Conservation, the Pew Charitable Trust  
1994      Outstanding Research Award, NCSU Alumni Association 
 
Honors to the Center for Applied Aquatic Ecology 
 
2013      The CAAE was recognized as the reason why NCSU placed 31st among the top 50 “Colleges 
      Saving the World” (http://www.onlinecollegesdatabase.org/50-colleges-saving-the-planet). 

2012      The CAAE received the highest evaluation possible (Excellent) by an outside Peer Review 
       Panel that reviewed in detail the Center’s performance over its entire span of operation. 
       The panel was organized by the NCSU College of Agriculture and Life Sciences as required 
       by the UNC Board of Governors. 
 
Other Honors 
 
2013      Invited presentation on Harmful Algae - Capital Hill Briefing, representing the Coastal and 
      Estuarine Research Federation 
2007      Theodore L. Jahn and Eugene C. Bovee Award, International Society of Protozoologists, 
       for best graduate student research paper, to doctoral candidate Hayley Skelton (coauthors 
      of the paper, Burkholder and Parrow) 
2001      Elected Member, Alumni Hall of Fame, Rock Valley College, Rockford, Illinois 
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2001      Convocation speaker, Appalachian State University 
1998      Special Recognition for excellence in research, Phi Kappa Phi 
1998  Invited Testimony, Congressional Hearing on the Value of Estuaries, US Senate, 
Senate  
  Environment and Public Works Committee 
1998  Invited Testimony, Congressional Hearing on Harmful Algal Blooms, US Senate,  
  Committee on Commerce, Science and Transportation 
1997  Invited Testimony, Congressional Hearing on Fisheries Conservation, Wildlife and  
  US House of Representatives – Committee on Resources 
1997  Invited Testimony, Congressional Hearing on Harmful Algae and Human Health, US  
  House of Representatives – Committee on Government Reform and Oversight 
1997-1999 Science Advisor, Governor’s Commission on Pfiesteria, Maryland 
1993-1994 Member, North Carolina Coastal Futures Committee (governor-appointed) 
1993-1995 Member, Board of Directors, Partnership for the Sounds (directive, environmental  
  education for eastern North Carolina) 
1992-1997 Member-at-Large, North Carolina Marine Fisheries Commission (governor-
appointed) 
1985  Elected Member, Phi Kappa Phi, Michigan State University 
1984-1986 Graduate Fellow, Department of Botany and Plant Pathology, Michigan State University 
 
Selected Research Accomplishments 
 with thanks to my graduate students, postdoctoral and other research associates, and other 
collaborators 
 
        Freshwater Ecosystems  
 First to maintain automated platform stations with depth profiling capability for advanced 

research and monitoring of North Carolina reservoirs; the real-time data from these stations 
are also helping to safeguard drinking water supplies depended upon by ~750,000 people.  
 Experimentally quantified interactions between nutrient and sediment loadings in controlling 

noxious algal blooms in turbid reservoirs.  
 First to document widespread occurrence, at low levels, of cyanotoxins in major potable 

source-water reservoirs of North Carolina.  
 Documented novel nutritional and physical adaptations of a group of cryptic dinoflagellates in 

reservoirs affected by episodic suspended sediment loading. 
 
        Estuarine and Marine Ecosystems  
 Discovered that water-column nitrate enrichment from sewage and other human-related 

sources inhibits and can be lethal to Zostera marina, the dominant seagrass of north temperate 
U.S. waters, as a direct physiological effect.  
 Co-discovered the toxic dinoflagellates, Pfiesteria piscicida and Pfiesteria shumwayae, as 

causative agents of major estuarine fish kills; this research also led to colleagues’ discovery of a 
group of Pfiesteria toxins new to science.  
 First to design and maintain a series of automated platform stations for advanced research and 

monitoring of a North Carolina estuary; coauthor of a patent for an automated depth profiler.  
 First to show that shallow lagoonal estuarine ecosystems are resilient to the adverse effects of 
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hurricanes, recovering within 4-5 years.  
 Helped to develop a model for water mass transport to the Neuse Estuary; used the model and 

a detailed dataset for improved quantification of nutrient loads, including decadal trend 
analysis. 

 
Publications (Peer-reviewed, in scientific journals, books and symposia volumes; *, student)  
 
187.  Glibert, P.M., A.H.W. Beusen, A.F. Bouwman, J.M. Burkholder, K.J. Flynn, C.A. Heil, M. Li, C.-H. Lin, 

C.J. Madden, A. Mitra, W. Nardin, G. Silsbe, Y. Song, and F. Zhang (accepted) Multifaceted models 
for multifaceted climatic change and nutrient effects on planktonic harmful algae. Update in: 
Climate Change and Marine and Freshwater Toxins, 3rd edition, by L.M. Botana, C. Louzao, and N. 
Vilariño (eds.). DeGruyter Publishers, Berlin, Germany. 

186.  Burkholder, J.M. and P.M. Glibert (2024) Eutrophication and oligotrophication, pp. 442-478. In: 
Encyclopedia of Biodiversity, 3rd edition, Volume 6, by Scheiner SM (ed.). Elsevier, Oxford, United 
Kingdom. 

185. Riza, M.*, K.D. Grieger, M.D. Horgan, J.M. Burkholder, and J.L. Jones (2024) Environmental 
impacts of selected metal cations for phosphorus capture in natural waters: A synthesis. 
Chemosphere 143162; https://doi.org/10.1016/j.chemosphere.2024.143162.  

184. Burkholder, J.M., C.A. Kinder, and E.H. Allen (2023) Watershed development and eutrophying 
potable source-water reservoirs in a warming temperate/subtropical region. Water 15, 4007; 
https://doi.org/10.3390/w15224007. 

183. Burkholder, J.M., C.A. Kinder, D.A. Dickey, R.E. Reed, C. Arellano, J.L. James, L.M. Mackenzie, E.H. 
Allen, N.L. Lindor*, J.G. Mathis, and Z.T. Thomas (2022) Classical indicators and diel DO versus 
trend analysis in assessing eutrophication of potable-water reservoirs. Ecological Applications, 
DOI: 10.1002/eap.2541. 

182.  Huang, I.-S., N. Pietrasiak, C.J. Gobler, J.R. Johansen, J.M. Burkholder, S. D’Antonio, and P.V. Zimba 
(2021) Diversity of bioactive compound content across 71 genera of marine, freshwater, and 
terrestrial cyanobacteria. Harmful Algae 109: 102116; 
https://doi.org/10.1016/j.hal.2021.102116. 

181.  Glibert, P.M., A.H.W. Beusen, A.F. Bouwman, J.M. Burkholder, K.J. Flynn, C.A. Heil, M. Li, C.-H. Lin,   
          C.J. Madden, A. Mitra, W. Nardin, G. Silsbe, Y. Song, and F. Zhang (2020) Multifaceted climatic 

change and nutrient effects on planktonic harmful algae require multifaceted models. In: Climate 
Change and Marine and Freshwater Toxins, 2nd edition, by L.M. Botana, C. Louzao, and N. Vilariño 
(eds.). DeGruyter Publishers, Berlin, Germany. 

180.  Leles, S.G., A. Mitra, K.J. Flynn, U. Tillmann, D. Stoecker, H.J. Jeong, J. Burkholder, P.J. Hansen, D.A. 
Caron, P.M. Glibert, G. Hallegraeff, J. Raven, R.W. Sanders, and M. Zubkov (2019) Sampling bias 
misrepresents the biogeographical significance of constitutive mixotrophs across global oceans. 
Global Ecology and Biogeography – https://doi.org/10.1111/geb.12853. 

179.  Mallin, M.A., J.M. Burkholder, L.B. Cahoon, A.E. Grogan, D.R. Sanger, and E. Smith E (2019) An 
environmental assessment of the North and South Carolina Coasts, pp. 405-426. In: C.R.C. 
Sheppard (ed.), World Seas: An Environmental Evaluation, 2nd edition. Vol. 1 – Europe, the           
Americas and West Africa. Academic Press, Cambridge, MA. 

178.  Shalygin, S., I.-S. Huang, E. Allen, J. Burkholder, and P.V. Zimba (2019) Odorella benthonica gen.      
 & sp. nov. (Pleurocapsales, Cyanobacteria): an odor and prolific toxin producer isolated from a 
California aqueduct. Journal of Phycology 55: 509-520.  [journal cover photo by CAAE research 
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associate E. Allen] 

177.  Burkholder, J.M., C.J. Gobler, and J.M. O’Neill (2018) Cyanobacteria, pp. 591-595. In: Harmful 
Algal Blooms and Their Management: A Compendium Desk Reference, by S.E. Shumway, J.M. 
Burkholder, and S.L. Morton (eds.). John Wiley & Sons Ltd., Hoboken, NJ. 

176.  Burkholder, J.M. and H.G. Marshall (2018) Pfiesteria piscicida and Pfiesteria shumwayae, pp. 
621-624. In: Harmful Algal Blooms and Their Management: A Compendium Desk Reference, by 
S.E. Shumway, J.M. Burkholder, and S.L. Morton (eds.). John Wiley & Sons Ltd., Hoboken, NJ. 

175.  Burkholder, J.M., S.E. Shumway, and P.M. Glibert (2018) Food web and ecosystem impacts of 
harmful algae, pp. 243-336. In: Harmful Algal Blooms and Their Management: A Compendium 
Desk Reference, by S.E. Shumway, J.M. Burkholder, and S.L. Morton (eds.). John Wiley & Sons 
Ltd., Hoboken, NJ. 

174.  Glibert, P.M. and J.M. Burkholder (2018) Causes of blooms, pp. 1-38. In: Harmful Algal Blooms 
and Their Management: A Compendium Desk Reference, by S.E. Shumway, J.M. Burkholder, and 
S.L. Morton (eds.). John Wiley & Sons Ltd., Hoboken, NJ.  

173.  Glibert, P.M. and J.M. Burkholder (2018) Prorocentrum, pp. 625-628. In: Harmful Algal Blooms 
and Their Management: A Compendium Desk Reference, by S.E. Shumway, J.M. Burkholder, and 
S.L. Morton (eds.). John Wiley & Sons Ltd., Hoboken, NJ.  

172.  Lapointe, B.E., J.M. Burkholder, and K.L. Van Alstyne (2018) Harmful macroalgal blooms in a 
changing world: Causes, impacts, and management, pp. 515-560. In: Harmful Algal Blooms and 
Their Management: A Compendium Desk Reference, by S.E. Shumway, J.M. Burkholder, and S.L. 
Morton (eds.). John Wiley & Sons Ltd., Hoboken, NJ. 

171. *Flood, S.L. and J.M. Burkholder (2018) Chattonella subsalsa (Raphidophyceae) growth and  
hemolytic activity in response to agriculturally-derived estuarine contaminants. Harmful Algae 
76: 66-79. 

173. *Flood, S.L. and J.M. Burkholder (2018) Imbalanced nutrient regimes increase Prymnesium 
parvum resilience to herbicide exposure. Harmful Algae 75: 57-74. 

172. *Flood, S.L., J.M. Burkholder, and G.W. Cope (2018) Assessment of atrazine toxicity to the benign 
estuarine phytoplankter, Dunaliella tertiolecta (Chlorophyta) under varying nutrient conditions. 
Environmental Science and Pollution Research 25: 11409-11423.  

171. Flynn, K.J., A. Mitra, P.M. Glibert, and J.M. Burkholder (2018) Mixotrophy in harmful algal blooms: 
By whom, on whom, when, why, and what next, pp. 113-132. In: Global Ecology and 
Oceanography of Harmful Algal Blooms, by P.M. Glibert, E. Berdalet, M.A. Burford, G.C. Pitcher, 
and M. Zhou (eds.). Ecological Studies 232. Springer, Cham, Switzerland.   

167. *Byrd, S.M. and J.M. Burkholder (2016) Environmental stressors and lipid production by 
Dunaliella spp. II. Nutrients, pH, and light under optimal or low salinity. Journal of Experi-mental 
Marine Biology and Ecology 487: 33-44. 

166. *Byrd, S.M., J.M. Burkholder, and P.V. Zimba (2016) Environmental stressors and lipid production 
by Dunaliella spp. I. Salinity. Journal of Experimental Marine Biology and Ecology 487: 18-32. 

165. Glibert, P.M., F.P.  Wilkerson, R.C. Dugdale, J.A. Raven, C. Dupont, P.R. Leavitt, A.E. Parker, J.M. 
Burkholder, and T.M. Kana (2016) 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. Limnology and Oceanography 61: 165-197. 
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164. Gobler, C.J., J.M. Burkholder, T.W. Davis, M.J. Harke, T. Johengen, C. Stow, and D.B. Van de Waal 
(2016) The dual role of nitrogen supply in controlling the growth and toxicity of cyano-bacterial 
blooms. Harmful Algae 54: 87-97. 

163.  Mitra, A., K.J. Flynn, U. Tillmann, J.A. Raven, D. Caron, D.K. Stoecker, F. Not, P.J. Hansen, G. 
Hallegraeff, R. Sanders, S. Wilken, G. McManus, M. Johnson, P. Pitt, S. Våge., T. Berge, A. Calbet, F. 
Thingstad, H.J. Jeong, J.M. Burkholder, P.M. Glibert, E. Granéli, and V. Lundgren (2016) Defining 
planktonic protist functional groups on mechanisms for energy and nutrient acquisition: 
Incorporation of diverse mixotrophic strategies. Protist 167: 106-120.   

162. *Mixson, S.M., L.F. Stikeleather, O.D. Simmons III, C.W. Wilson, and J.M. Burkholder (2014) Auto-
flocculation, electro-flocculation, and hollow-fiber filtration techniques for harvesting the saltwater 
microalga Dunaliella.  Journal of Applied Phycology DOI 10.1007/s10811-013-0232-z. 

161.  Burkholder, J.M. and P.M. Glibert (2013) Eutrophication and oligotrophication, pp. 347-371. In: 
Encyclopedia of Biodiversity, 2nd edition, Volume 3, by Levin S (ed.). Academic Press, Waltham, MA. 

160.  Flynn, K.J., D.K. Stoecker, A. Mitra, J.A. Raven, P.M. Glibert, P.J. Hansen, E. Granéli, and J.M. 
Burkholder (2013) Misuse of the phytoplankton–zooplankton dichotomy: the need to assign 
organisms as mixotrophs within plankton functional types. Journal of Plankton Research 35: 3-11. 

159.  Mitra, A., K.J. Flynn, J.M. Burkholder, T. Berge, A. Calbet, J.A. Raven, E. Granéli, P.M. Glibert, P.J. 
Hansen, D.K. Stoecker, F. Thingstad, U. Tillmann, S. Våge, S. Wilken, and M. Zubkov (2013) The 
role of mixotrophic protists in the biological carbon pump. Biogeosciences Discussion 10: 13535-
13562. 

158.  Wang, W.-C., E. Allen, A.A. Campos, R.K. Cade, L. Dean, M. Dvora, J.G. Immer, S. Mixson*, S. 
Srirangan, M.-L. Sauer, S. Schreck, K. Sun, N. Thapaliya, C. Wilson, J. Burkholder, A.M. Grunden,    
H.H. Lamb, H. Sederoff, L.F. Stikeleather, and W.L. Roberts (2013) ASI: Dunaliella marine 
microalgae to drop-in replacement liquid transportation fuel. Environmental Progress (Nov.): 
DOI:10.1002/ep.11855. 

157.  Burkholder, J.M., H.G. Marshall (2012) Toxigenic Pfiesteria species - updates on biology, 
ecology, toxins, and impacts. Harmful Algae 14: 196-230. 

156.  Glibert, P.M., J.M. Burkholder, and T.M. Kana (2012) Recent insights about relationships between 
nutrient availability, forms, and stoichiometry, and the distribution, ecophysiology, and food web 
effects of pelagic and benthic Prorocentrum species. Harmful Algae 14: 231-259. 

155.  Hathaway, J.M., T.L.C. Moore, J.M. Burkholder, and W.F. Hunt (2012) Temporal analysis of 
storm-water SCM effluent based on harmful algal bloom (HAB) sensitivity in surface waters: 
Are annual nutrient EMCs appropriate during HAB-sensitive seasons? Ecological Engineering 
49: 41-47. 

154.  Burkholder, J.M. and S.E. Shumway (2011) Bivalve shellfish aquaculture and eutrophication, pp. 
155-215. In: Shellfish and the Environment, by S.E. Shumway (ed.). Wiley, New York, NY. 

153. Glibert, P.M. and J.M.  Burkholder (2011) Harmful algal blooms and eutrophication: strategies for 
nutrient uptake and growth outside the Redfield comfort zone. Chinese Journal of Oceanography 
29: 724-738.  

152. Glibert, P.M., D. Fullerton, J.M. Burkholder, J.C. Cornwell, and T.M. Kana TM (2011) Ecological 
stoichiometry, biogeochemical cycling, invasive species and aquatic food webs: San Francisco 
Estuary and comparative systems. Reviews in Fisheries Science 19: 358-417.  

151. *Null, K.A., D.R. Corbett, D.J. DeMaster, J.M. Burkholder, C.J. Thomas, and R.E. Reed (2011) 222Rn-
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based advection of ammonium into the Neuse River Estuary, North Carolina, USA. Estuarine, 
Coastal and Shelf Science 95: 314-325. 

150. Burkholder, J.M., W. Frazier, and M.B. Rothenberger* (2010) Source water assessment and 
treatment strategies for harmful and noxious algae, pp. 299-328. In: Algae Manual, AWWA 
Manual 57, by the American Water Works Association, Denver, CO. 

149.  *Pate, S.E., J.M. Burkholder, S.E. Shumway, H. Hégaret, G.H. Wikfors, and D. Frank (2010) Effects  
of the toxic dinoflagellate Alexandrium monilatum on survival, grazing and behavioral response   
of three ecologically important bivalve molluscs. Harmful Algae 9: 281-293.   

148. Reed, R.E., J.M. Burkholder, and E.H. Allen (2010) Current online monitoring technology for 
surveillance of algal blooms, potential toxicity, and physical/chemical structure in rivers, 
reservoirs, and lakes, pp. 3-24. In: Algae Manual, AWWA Manual 57, by the American Water  
Works Association, Denver, CO. 

147. Burkholder, J.M. (2009) Harmful algal blooms, pp. 264-285. In: Encyclopedia of Inland Waters, 
Volume 1, by Likens GE (ed.) Elsevier, Oxford, UK. 

146. Glibert, P.M., J.M. Burkholder, T.M. Kana, J. Alexander, H. Skelton*, and C. Shillings (2009) Grazing 
by Karenia brevis on Synechococcus enhances growth and may help to sustain blooms. Aquatic 
Microbial Ecology 55: 17-30.   

145. *Rothenberger, M., J.M. Burkholder, and T. Wentworth (2009) Multivariate analysis of phyto-
plankton and environmental factors in a eutrophic estuary. Limnology and Oceanography 54: 
2107-2127.   

144. *Rothenberger, M., J.M. Burkholder, and C. Brownie (2009) Long-term effects of changing land    
          use practices on surface water quality in a coastal river and lagoonal estuary. Environmental         

Management 44: 505-523.   

143. *Skelton, H.M., J.M. Burkholder, and M.W. Parrow* (2009) Axenic cultivation of the heterotrophic 
dinoflagellate Pfiesteria shumwayae in a semi-defined medium. Journal of Eukaryotic Microbiology 
56: 73-82.   

142.  Anderson, D.M., J.M. Burkholder, W.P. Cochlan, P.M. Glibert, C.J. Gobler, C.A. Heil, R. Kudela, M.L. 
Parsons, J.E. Rensel, D.W. Townsend, V.L. Trainer, and G.A. Vargo (2008) Harmful algal blooms 
and eutrophication: Examining linkages in selected U.S. coastal regions. Harmful  Algae 8: 39-
53. 

141.  Burkholder, J.M., P.M. Glibert, and H.M. Skelton* (2008) Mixotrophy, a major mode of nutrition 
for harmful algal species in eutrophic waters. Harmful Algae 8: 77-93. 

140.  Glibert, P., R. Azanza, M. Burford, K. Furuya, E. Abal, A. Al-Azri, F. Al-Yamani, P. Andersen, D.M. 
Anderson, J. Beardall, G.M. Berg, L. Brand, D. Bronk, J. Brookes, J.M. Burkholder, A. Cembella, 
W.P. Cochlan, J. Collier, Y. Collos, R. Diaz, M. Doblin, T. Drennen, S. Dyhrman, Y. Fukuyo, M. 
Furnas, J. Galloway, E. Granéli, D.V. Ha, G. Hallegraeff, J. Harrison, P.J. Harrison, C.A. Heil, K. 
Heimann, R. Howarth, C. Jauzein, T.M. Kana, H. Kim, R. Kudela, C. Legrand, M. Mallin, M. 
Mulholland, S. Murray, J. O’Neill, G. Pitcher, Y. Qi, N. Rabalais, R. Raine, S. Seitzinger, P. C. 
Salomon, D.K. Stoecker, G. Usup, J. Wilson, K. Yin, M. Zhou, and M. Zhu (2008) Ocean urea 
fertilization for carbon credits poses high ecological risks. Marine Pollution Bulletin 56: 1049-
1056.   

139.  Hégaret, H., S.E. Shumway, G.H. Wikfors, S. Pate*, and J.M. Burkholder (2008) Potential transport 
of harmful algae via relocation of bivalve molluscs. Marine Ecology Progress Series 361: 169-
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179. 

138.  Heisler, J., P. Glibert, J. Burkholder, D. Anderson, W. Cochlan, W. Dennison, C. Gobler, Q. Dortch,     
C. Heil, E. Humphries, A. Lewitus, R. Magnien, H. Marshall, D. Stockwell, and M. Suddleson (2008) 
Eutrophication and harmful algal blooms: A scientific consensus. Harmful Algae 8: 3-13. 

137.  Holm, E.R., D.M. Stamper, R.A. Brizzolar, L. Barnes, N. Deamer, and J.M. Burkholder (2008) 
Sonication of bacteria, phytoplankton and zooplankton: Application to treatment of ballast  
water. Marine Pollution Bulletin 56: 1201-1208.    

136.  *Skelton, H.M., J.M. Burkholder, and M.W. Parrow* (2008) Axenic cultivation of the heterotrophic 
dinoflagellate Pfiesteria shumwayae and observations of feeding behavior. Journal of Phycology 
44: 1614-1624.   

135.  Reed, R.E., D.A. Dickey, J.M. Burkholder, C.A. Kinder, and C. Brownie (2008) Water level variations 
in the Neuse and Pamlico Estuaries, North Carolina, due to local and non-local forcing. Estuarine, 
Coastal and Shelf Science 76: 431-446. 

134.  Burkholder, J.M., G.M. Hallegraeff, G. Melia, A. Cohen, H.A. Bowers, D.W. Oldach, M.W. Parrow*, 
M.J. Sullivan, P.V. Zimba, E.H. Allen, and M.A. Mallin (2007) Phytoplankton and bacterial 
assemblages in ballast  water of U.S. military ships as a function of port of origin, voyage time 
and ocean exchange practices. Harmful Algae 6: 486-518.   

133.  Burkholder, J.M., B. Libra, P. Weyer, S. Heathcote, D. Kolpin, P.S. Thorne, and M. Wichman (2007) 
Impacts  of waste from concentrated animal feeding operations on water quality. Environmental 
Health Perspectives 115: 308-312. 
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