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INTRODUCTION 
 

 
 

Thomas Laxson    Marissa Williams    Christian Michel    Logan Free    Betsy Roberts 
At Cahoon Meadow/Wilderness Sequoia Grove Camp - Sequoia National Park 

 
This year's intern program began 22 May with orientation at the Sequoia ForestKeeper office at 
Kernville, California.  We welcomed Thomas of  Greensboro, North Carolina, Logan of Cincinnati, 
Ohio and Betsy of Austin, Texas, who joined with returning interns from 2008, Marissa of Fresno, 
California and Christian of Corcoran, California 
 
Thomas is a graduate student of Geography at the University of North Carolina-Greensboro.  Thomas’s 
extensive knowledge of GIS, earned both in the classroom and with real-life experience as a GIS 
technician for the city of Raleigh, NC, makes him the ideal person to begin to develop our new GIS 
program. 
 
Marissa is a Biology major at California State University, Fresno on a full scholarship under the 
Smittcamp Honors College.  She recently completed a course of study at New Zealand, Tasmania and 
Australia.  She likes rock climbing and water sports and is a recycling fanatic.  She hopes to continue 
her education toward a career in neurology.    
 
Christian returned from our 2008 SFK intern team, and has spent the last year working for the U.S. 
Census and monitoring Big Meadows with SFK Science Advisor Dan Christenson through the Allen 
South Fork Wildlife Sanctuary, which he administers.  Christian graduated from UC Santa Barbara with 
a Bachelors of Science degree in Ecology and Evolution in 2008.  She grew up in Corcoran, CA, near 
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Fresno, where she was in the top 10% at her high school.  While at UCSB, Christian was awarded the 
C.H. Muller Award for an independent research project she conducted on how fire affects soil.  
 
Logan is entering his senior year as a Geography major at Appalachian State University in North 
Carolina, and joined us as one of our two Student Conservation Association (SCA) Interns.  Logan is an 
avid outdoorsman, with years of experience backpacking, hiking, camping, and rock climbing, as well as 
being the captain and MVP of his Lacrosse team.  This was Logan’s first time to California, and he 
enjoyed doing field work which allowed him to get an intimate feel for the sequoias. 
 
Betsy is a Geography, Resource and Environmental Science major at Texas State University, San 
Marcos.  She is an avid ornithologist with interests in music, backpacking, watershed protection, water 
quality monitoring and wetlands management.   
 
Field work began 24 May with training in water quality sampling and Pacific fisher "camera trap" 
protocols.  Data gathering and analysis of forest and meadow habitats continued for the following twelve 
weeks and culminated in a presentation to the public by each intern at the SFK camp the evening of 8 
August.  The following reports summarize the results of their studies.  During times off from work they 
did swimming, hiking and whitewater rafting in the Kernville area and took trips to the coast, Mount 
Whitney, and bristlecone pine forests. 
 
 

SECTION I - Sequoia Grove Surveys 
 

A - STARVATION GROVE 
 
Introduction 
 
Dan Christenson, Logan Free, Thomas Laxson, and Lois Roberts surveyed Starvation Grove to 
determine sequoia canopy cover regeneration requirements and to determine if there had been recent 
logging near the grove. 
 
Methods 
 
Starvation Grove was surveyed by walking along side the creek. The surveyors covered the area 
between Starvation Creek’s bank and the nearest boundary marker to the East or the West. Within the 
grove the coordinates for every sequoia tree were obtained, unless they were co-dominant. Co-dominant 
was defined as having a split below breast height. The diameter of all sequoia trees was taken at breast 
height (DBH) using a diameter tape in inches. For trees 18 inches or smaller the percent canopy closure 
was also recorded using a spherical densiometer. The canopy cover (CC) measure was taken while 
holding the densitometer at breast height and facing in the direction of the most open canopy. Pictures of 
the base and canopy were taken whenever possible. The GPS was also used to mark boundary makers 
and fallen Sequoias. 
 
Results 
 
A total of 173 Sequoias were found at Starvation Grove. The smallest Sequoia was a seedling under 
breast height and the largest was 247.1 inches. One hundred eight of the Sequoias in this grove were 
under a DBH of 18 inches. The average CC was 80%, the mode was 65%, and the range was from 55 – 
98%. Refer to graph 1 for a scatter plot of the Percent Canopy Closure in relation to DBH. 
 
Conclusion 
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In Starvation Grove we found no significant relationship between Canopy Closure and DBH. Therefore, 
we can say that Sequoias that were less than 18 inches in diameter at breast height can be found at any 
range of percent canopy closures.  In the future it might be interesting to see how canopy closure relates 
to the health of sequoia trees. To determine if there is a relationship between canopy closure and tree 
health it would be necessary to obtain tree height, canopy-base height, and percent live crown on an 
annual basis. Aside from canopy closure data, no discrepancies were found with the Forest Service 
marked boundaries at this grove and no signs of logging were found within 100 feet of the grove either. 
 
Christian Michel 
 
Graph 1 - Starvation Grove 

 
 

 
B - STARVATION GROVE, EAST UNIT 
 
Introduction 
 
Logan Free, Thomas Laxson, and Lois Roberts surveyed the East Section of Starvation Grove to 
determine sequoia canopy closure regeneration requirements, to update grove boundaries, and to 
determine if there has been recent logging near the grove. 
 
Methods 
 
The East Unit of Starvation Grove was surveyed by starting near a boundary marker and going 
counterclockwise along the boundary makers after which the surveyors spiraled towards the center. 
Within the grove the coordinates for every sequoia tree were obtained, unless they were co-dominant or 
the sequoias were found in dense patches of brush. For cases in which the sequoias were found in dense 
patches of brush coordinates were obtained near the center of the patch were every Sequoia was no more 
than 50 feet away from the waypoint.  Co-dominant was defined as having a split below breast height. 
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Co-dominants were counted as one tree with the diameter of the larger. The diameter of all sequoia trees 
was taken at breast height(DBH) using a diameter tape in inches except when they were in dense patches 
of brush; in this case the diameter was estimated at breast height. For trees 18 inches or smaller at breast 
height the percent canopy closure (CC) was also recorded using a spherical densiometer. The canopy 
closure measure was taken while holding the densiometer at breast height and facing in the direction of 
the most open canopy. Pictures of the base and canopy were taken whenever possible. The GPS was also 
used to mark boundary makers and fallen Sequoias. 
 
Results 
 
A total of 94 Sequoias were found at the East Unit of Starvation Grove, not including the patches found 
in dense brush. Only one of those Sequoias was inactive, with a DBH of 9.7 inches. Sixty-four of the 
Sequoias in this grove were under a DBH of 18.3 inches. Only 60 of those 64 Sequoias were used for 
CC analysis, because the other four had no percent canopy closure data (possibly left out by accident). 
The average CC was 60%, the mode was 40%, and the range was from 15 – 95%. Refer to graph 1 for a 
scatter plot of the Canopy Closure in relation to DBH. 
 
There was one patch of Sequoias found in dense brush, which contained 23 sequoias. All of which had 
60% CC. Of these 8 were 6 inches or smaller, 9 ranged between 6 to 12 inches, 4 ranged from 12 to 18 
inches, and 2 were seedlings. 
 
Conclusion 
 
In the East Unit of Starvation Grove we found no significant relationship between Canopy Closure and 
DBH. Therefore, we can say that Sequoias that were less than 18 inches in diameter at breast height can 
be found at any range of percent canopy closures. In the future it might be interesting to see how canopy 
closure relates to the health of the trees. To determine if there is a relationship between canopy closure 
and tree health it would be necessary to obtain tree height, canopy-base height, and percent live crown 
on an annual basis. Aside from canopy closure data, no discrepancies were found with the Forest Service 
marked boundaries at this grove and no signs of logging were found within 100 feet of the grove either. 

Christian Michel 

Graph 1 - Starvation Grove, East Unit 
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C - CUNNINGHAM GROVE 
 
Introduction 
 
Logan Free, Thomas Laxson, and Lois Roberts surveyed Cunningham Grove to update grove 
boundaries, determine sequoia canopy closure regeneration requirements, and to determine if there had 
been recent logging near the grove. 
 
Methods 
 
Cunningham Grove was surveyed by starting near a boundary marker and going counterclockwise along 
the boundary makers after which the surveyors spiraled towards the center. Within the grove the 
coordinates for every sequoia tree were obtained, unless they were co-dominant. The diameter of all 
sequoia trees was taken at breast height (DBH) using a diameter tape in inches. For trees 18 inches or 
smaller at breast height the percent canopy cover (CC) was also recorded using a spherical densitometer. 
The canopy cover measure was taken while holding the densiometer at breast height and facing in the 
direction of the most open canopy. Pictures of the base and canopy were taken whenever possible. The 
GPS was also used to mark boundary makers down log sequoias. 
 
Results 
 
A total of 40 Sequoias were found at the Cunningham Grove. The smallest Sequoia was 1.5 inches and 
the largest was 192.5 inches. Twenty of the Sequoias in this grove were under a DBH of 18 inches. The 
average CC was 63%, the mode was 45%, and the range was from 40 – 80%. Refer to graph 1 for a 
scatter plot of the Percent Canopy Closure in relation to DBH. 
 
Conclusion 
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In the Cunningham Grove we found no significant relationship between Canopy Closure and DBH. 
Therefore, we can say that Sequoias that were less than 18 inches in diameter at breast height can be 
found at any range of percent canopy closures. In the future it might be interesting to see how canopy 
closure relates to the health of the trees. To determine if there is a relationship between canopy closure 
and tree health it would be necessary to obtain tree height, canopy-base height, and percent live crown 
on an annual basis. Aside from canopy closure data, no discrepancies were found with the Forest Service 
marked boundaries at this grove and no signs of logging were found within 100 feet of the grove either. 
 
Christian Michel 

Graph 1 - Cunningham Grove 

 
 
 
D - PACKSADDLE GROVE   
 
Introduction 
 
Logan Free, Thomas Laxson, Christian Michel, and Lois Roberts surveyed Packsaddle Grove to update 
grove boundaries, determine sequoia canopy closure regeneration requirements, determine if there had 
been recent logging near the grove, and to obtain general grove information. 
 
Methods 
 
Packsaddle Grove was surveyed by starting at a randomly picked point, from which we ran transects in 
the four cardinal directions. From the center point we would walk two-hundred feet in a cardinal 
direction and begin our surveys.  Each succeeding site was another 200 feet along the transect and the 
process was continued in that direction for a full day. Three surveyors would survey for general grove 
conditions, one would remain on the center transect line; while the other two would walk 100 feet away 
perpendicular to the direction of the transect line. Each survey site was conducted within a 25ft radius. 
The fourth person would either help one of the three surveyors or obtain data on giant Sequoias. 
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Within the 25ft radius data on the coordinates at the center, Canopy Closure (CC), Ground Cover (GC), 
species for all trees, and diameter at breast height (DBH) for all trees were obtained 
 
The coordinates for every sequoia tree within 125 feet from the transect line were obtained, unless they 
were co-dominant. The diameter of all sequoia trees was taken at breast height using a diameter tape in 
inches. For trees 18 inches or smaller at breast height the percent canopy cover was also recorded using 
a sperical densiometer. The canopy cover (CC) measure was taken while holding the densiometer at 
breast height and facing in the direction of the most open canopy. Pictures of the base and canopy were 
taken whenever possible. The GPS was also used to mark boundary makers and down log sequoias. 
 
Results 
 
For all of  the transect points the average CC was 64%, the mode was 40%, and the range was from 1% 
to 100%, the average GC was 93%, the mode was 100%, and the range was from 35% to 100%. The 
most commonly found tree species was white fir, but we also found black oaks, cedars, sugar pines, 
alders, canyon live oaks, flowering ash, willow thickets, and Sequoias. A total of 831 trees were found, 
80 of these were snags, and 201 were seedlings. For a percent of each tree type see charts 1 and 2 below. 
 
A total of 152 Sequoias were found at the Packsaddle Grove. The smallest Sequoia was 0.25 inches and 
the largest was 295 inches. Fifty-five of the Sequoias in this grove were a DBH of 18 inches or smaller. 
The average CC for these Sequoias was 58%, the mode was 92%, and the range was from 2 – 96%. As 
the percent in Canopy Closure increases so does the percent in litter, forbs, and grass as ground cover 
(see graph 2 below). However, as the percent in CC increases the percent in shrubs as ground cover 
decreases (see graph 3 below). Refer to graph 1 for a scatter plot of the Percent CC in relation to DBH.  
 
Conclusion 
 
In the Packsaddle Grove we found no significant relationship between Canopy Closure and DBH (see 
graph 1 below). Therefore, we can say that Sequoias that were less than 18 inches in diameter at breast 
height can be found at any range of percent canopy closures. In the future it might be interesting to see 
how canopy closure relates to the health of the trees. To determine if there is a relationship between 
canopy closure and tree health it would be necessary to obtain tree height, canopy-base height, and 
percent live crown on an annual basis.  
 
The transects conducted in Packsaddle Grove show a mixed coniferous forest composition, where 
increased canopy closure causes an increase in litter, but a decrease in shrubs. 
 
Within this grove we found one stump about 15-20 feet across within the boundary makers. The stump 
was decomposing so it must have been logged some time ago. 
 
Christian Michel 
 
Graph 1 - Packsaddle Grove 
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Graph 2 - Packsaddle Grove 
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Graph 3 - Packsaddle Grove 
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Chart 1 - Packsaddle Grove 

 
 
 
Chart 2 - Packsaddle Grove 

 
 
  
 
 
 
E - BOARD CAMP GROVE   
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Introduction 
 
Don Gray, Logan Free, Marissa Williams, and Christian Michel surveyed a portion of the Board Camp 
Grove while on a backpack trip to the Cahoon Rock area of the John Krebs Wilderness in the southwest 
portion of Sequoia National Park to determine Sequoia canopy cover regeneration requirements. 
 
Methods 
 
Board Camp Grove was surveyed by combing the portion closest to our campsite, which was about three 
and a half hours of cross country hiking. Within the grove the coordinates for every sequoia tree 
encountered in the short period of time we had to do the survey, before we had to depart for base-camp, 
were obtained, unless they were co-dominant. The diameter of all sequoia trees was taken at breast 
height (DBH) using a diameter tape in inches. For trees 18 inches or smaller at breast height the percent 
canopy cover (CC) was also recorded using a spherical densiometer. The canopy cover measure was 
taken while holding the densiometer at breast height and facing in the direction of the most open canopy. 
Pictures of the base were taken whenever possible.  
 
Results  
 
A total of 20 Sequoias were found at the Board Camp Grove. The smallest Sequoia was 4.5 inches and 
the largest was 225 inches. Three of the Sequoias in this portion of the grove were under a DBH of 18 
inches. The three sequoias were 4.5 inches DBH with a CC of 99%, 8 inches DBH with a CC of 87%, 
and 16 inches DBH with a CC of 96%. 
 
Conclusion 
 
For the Board Camp Grove we are unable to generalize percent Canopy Closure in relation to diameter 
at breast height due to lack of data, although the three small sequoias found were at high levels of CC 
which resembles conditions we found in other groves. Unfortunately, because of the difficulty of access 
and short amount of time to survey, we are uncertain what portion of the grove we surveyed. Reaching 
this grove requires much cross country hiking, so in the future strong backpackers might be better able 
to survey the grove if they can get closer to its location and spend more time there. 
 
Christian Michel 
 
 

SECTION II - "Hazard Tree" Survey 
 
HUME ROADSIDE HAZARD TREE SALVAGE PROJECT 
 
Introduction 
Christian Michel, Marissa Williams, Betsy Roberts, Thomas Laxson and Logan Free surveyed the Hume 
Lake District in the Sequoia National Forest for hazard trees.  Thomas and Logan did the bulk of the 
hazard tree surveys, as the others had other responsibilities on some of the days.  We surveyed different 
key areas of interest: Highway 180, Forest Roads 13S04, 14S02, 14S03, 14S08, 14S11, 14S12, and 
14S18 and we surveyed both sides of the road. 
 
 
Methods 
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The survey process we used consisted of walking in pairs with one person about 200 feet away from the 
road with the other 50 to 100 feet away looking for marked trees.    We only used this method the first 
day on Highway 180 because we realized most of the marked trees were close to the road and were more 
easily seen from or closer to the road than 200 feet in.  From 6/13/2009 on we mostly walked along the 
road and would hike into the brush when a possible hazard tree was seen - we would look for snags and 
trees that are dead or dying and/or leaning and check them for markings.  When we came back on July 
1st, 2009 to finish up the inventory, we used the same survey process as was used before.  As we combed 
through the forest we took GPS waypoints, documented in our journals, and took pictures if need be of 
downed logs over 12” in diameter (both naturally down and cut), trees/snags that are potentially 
hazardous but are unmarked (because of low commercial value) due to small size (12” to 20” diameter 
at breast height), cracks, twists, insect infestation or decay.  When we found a marked hazard tree 
(currently orange spray paint) we documented and photographed the tree number, diameter at breast 
height (DBH), canopy closure (CC), species of tree, percent of crown die back, if it is leaning towards 
the road (although slight leans may have gone unnoticed due to topography), location by GPS and road 
number, and listed why the tree is an egregious violation of the marking guidelines (if it is).  We also 
looked for frass and pitch tubes while measuring the diameter of the tree and documented if they were 
present with an estimated circumferential percent of the tree that is infected.  If the marked tree was 
leaning away from the road or below the road and couldn’t roll onto the road then we also made note.  
The equipment we used for these surveys were: two GPS units (the old one – Garmin Legend Cx A and 
the new one – Garmin GPSmap 60CSx 1) and logger’s tape for determining DBH and of course, our 
handy dandy notebooks. 
 
Results 
Along Highway 180 on 6/12/2009 Christian and Logan found two orange marked hazard trees that had 
already been cut down; #211 of about 3 feet DBH and 50 feet NE of Hwy. 180 and #152 at about 4 feet 
DBH and 50 feet NE of Hwy. 180.   
 
We documented a total of 242 hazard trees, 157 unmarked trees that could be hazardous under the Forest 
Service guidelines, and 185 downed logs. The actual downed log number is greater than what we have 
documented because many areas were covered with them and we didn’t take the time to individually 
count each one.  We found that 95 of the marked hazard trees that we determined didn’t meet the 
guidelines.  These trees often only had a dead top, whereas the rest of the tree appeared to be healthy 
(good examples of this are with Hazard Tree #’s 39, 292, 379, 409 and 418 among many others).   
 
Another interesting thing we found after compiling the data was that we found forty-seven trees the 
forest service declared dead while we documented them as alive. The average DBH for the marked 
hazard trees is 34.7” and the range of DBH is 16.3” to 69.5”.  The average CC in the forested areas we 
surveyed was 42% and it ranged from 0 to 90%.   
 
We found a total of 157 unmarked trees that we thought were hazardous under the forest service 
guidelines; 131 of these were dead.  Of these 157 unmarked trees, eight were within 8” to 12” DBH, 
forty-seven were within 12” to 20”, and fifty-seven over 20” DBH.  The remaining unmarked trees were 
not given GPS marks and/or didn’t have their diameter measured.  The large ones and even many of the 
smaller ones had various infestations or burn scars that make them commercially not valuable.  That 
being said, many of these unmarked trees seemed to have commercial value but weren’t marked for 
some reason.  As for the downed logs, we were unaware that we were supposed to calculate downed 
biomass and did not measure the diameter, length or decay class of the downed trees. 
 
A good example of an unmarked hazard tree that should be marked is waypoint 359 off road 14S18 and 
picture number 2368 off my camera.  Waypoint 359 is a huge (over 32” in diameter) pine that is burned 
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and dead, about 50 feet uphill from the road.  There is another large dead pine about 150 feet further 
down the road. 
 
Thomas and Logan compared their estimates for the distance to the road of each hazard tree we 
documented to the tree height indicated on the Forest Service Hazard Tree Inspection Form and found 
that all the trees would in fact hit the road if they were to fall in that direction. 
 
Conclusion 
It was difficult to know exactly what we were looking for when trying to determine pitch tube evidence 
without a field demonstration.  We made many observations about pitch coming out of the tree in cracks 
and holes in the tree, but didn't know whether or not they would be defined as a pitch tubes. 
   
My general impression of these hazard trees after doing the surveys is that for the most part, many of the 
marked trees were in fact “hazardous”.  There were of course a decent amount of trees that I and the 
others thought were questionably marked.  There are also many trees that are unmarked that “should” be 
marked given the guidelines for a hazard tree…but this isn’t a bad thing since we don’t necessarily want 
the trees to be cut down because they are habitat for various species of wildlfe.  
 
While Thomas and Logan were surveying 14S03 on 6/16/2009, they saw three black bears, a mother and 
her two cubs. 
 
Examples of tree numbers - Location - Coordinates 
#211 - NE of Hwy. 180: Waypoint O019 – N 36.75960 W -118.95885 
#152 - NE of Hwy. 180: Waypoint O035 – N 36.76967 W -118.9567 
#39   - Road 14S11 Waypoint O069 – 36.76012 W -118.74108 
#292 – Road 14S02 Waypoint N280 – N 36.75090 W -118.84639 
#379 – Road 14S08 Waypoint N360 – N 36.68617 W -118.84402 
#409 – Road 14S03 Waypoint N353 – N 36.69758 W -118.84276 
#418 – Road 14S03 Waypoint N352 – N 36.70059 W -118.84036 
Waypoint #359 – N 36.68758 W -118.84492 
 
For all data collected and compiled (including data from the Forest Service spreadsheet) refer to the 
HazardTrees.xls excel file in the Hazard Trees Folder under the Summer 2009 Intern Work Folder on 
the SFK intern laptop’s desktop. 
 
Logan Free 
 
 

 
SECTION III - Geographic Information System (GIS) & Piute Fire analysis 

   
A - GIS 
 
Analysis and Discussion 
 
As I have pointed out time and time again throughout the season, the field survey methods utilized by 
Sequoia ForestKeeper do not lend themselves to spatial analysis.  Random inventory plots are not only 
more scientifically valid than linear transects, but through spatial interpolation they provide a better 
understanding of forest dynamics across a larger area.  At the same time, “combing” of Sequoia groves 
in an attempt to locate every single Sequoia is an inherently flawed method that likely misses dozens of 
seedlings and even saplings; any information about Sequoia habitat from such data would be biased 
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toward more easily accessible areas and would therefore give an inaccurate picture.  Because of this, I 
felt uncomfortable with the idea of performing spatial analysis on any of our data; particularly that 
collected at Starvation and Cunningham groves or the Sequoia data from Packsaddle grove. 
 
Furthermore, SFK does not collect enough meaningful data within their plots.  Some of the key elements 
in forest dynamics (i.e. duff and litter depths, tree height, canopy base height, canopy fuel base height, 
canopy density, aspect, slope, volume of coarse woody debris, etc) are ignored.  Though these factors 
might seem irrelevant for a particular project, they may later become useful (as in the case of the 2008 
Clear Creek survey, which was collected merely days before a wildfire swept through the area).  
Thorough data collection is necessary for any scientific analysis, including spatial analysis.  As the 
forest is ruled by a complex web of relationships, examination of the topic of interest cannot be 
conducted without an understanding of at least the fundamental components of forest composition and 
structure.  In the absence of basic data, no study can control for the most obvious and common 
mitigating factors. 
 
The only spatial analysis for which I was allotted enough time and for which sufficient data was 
collected was at the Piute project site.  Since data was limited, and due to SFK's goal of minimizing 
forest management practices, the only analysis that was deemed worthwhile was a comparison of 
changes in both canopy closure and ground cover between the Jeffrey Pine plantation and non-plantation 
sites.  I began by performing inverse distance weighted spatial interpolation on the 2008 and 2009 
datasets based on their canopy closure values, using a variable search radius and the five nearest 
neighbors.  It should be noted that, due to the use of linear transect methodologies, spatial interpolation 
is only valid for the small areas within an individual transect.  The 2008 raster surface was then 
subtracted from the 2009 raster surface, to calculate the change in canopy closure.  
 
Inspection of the resulting output revealed a dramatic increase in canopy closure outside of the 
plantation and a dramatic decrease of canopy closure within the plantation.  Without a complete GIS 
layer of management history, we cannot know whether or not conditions in either location were 
influenced by fuel reduction treatments or some other disturbance.  Given the information we do have, 
one could assume that the altered forest composition and structure of the plantation exacerbated the 
effects of the fire.  However, a visual comparison of the canopy closure change and aspect (recalculated 
in raster calculator using the formula 'Abs(180-aspect)' so that it serves as a linear measure) reveals a 
powerful correlation.  Without statistical software, this relationship cannot be firmly quantified, but its 
strength is undeniable.  Analysis of ground cover yielded almost identical results.  This led me to 
conclude that without more plots randomly spaced inside and outside of the plantation—so that we can 
control for topographic factors that may play a role in plantation site selection—a determination cannot 
be made as to how the plantation impacted fire behavior. 
 
Semivariograms and covariance clouds of canopy closure and ground cover for various sets of the 2009 
plots revealed weak spatial autocorrelation. This could be due to problematic data collection methods.  It 
has been documented that the use of ocular estimations—and even of spherical densiometers—to 
measure vegetation density can be influenced by cloud cover and time of day.  It would be reasonable to 
assume that aspect, slope, and perhaps even the resulting phenotypic color variations of needles or bark 
could also compromise the consistency of readings.  The day on which we surveyed across the road 
from the plantation at the Piutes was a cold, foggy morning; whereas we surveyed the plantation on a 
partly cloudy afternoon.  This could also partially account for the dramatically different readings 
between the sites.  On the other hand, the lack of spatial autocorrelation could be a result of the well 
known patch mosaic of fire behavior. 
 
The power of geographic information systems and spatial analysis should not be underestimated.  It is 
much more than simply making maps and overlaying data.  The idea of spatial overlay is a starting point 



 16 

for the exploration of otherwise unseen relationships.  Such investigations require both ample time and 
statistical software.  With ESRI products, the Spatial Analyst and Geostatistical Analyst extensions are a 
must, but require extensive knowledge of geographical concepts and methods.  This was not a problem 
this summer, because I have these extensions on my personal computer.  License information can be 
found through www.esri.com.  It also would be beneficial to obtain Hawth's Analysis Tools, a free 
ArcGIS extension that can be acquired at www.spatialecology.com. 
 
Thomas Laxson 
 
B - PIUTE FIRE 
 
Introduction 
Thomas Laxson, Logan Free, Lois Roberts, Marissa Williams, Christian Michel, and Dan Christenson 
participated in this survey.  Five days were spent surveying general forest conditions in the Piute 
Mountains. Attempts were made to resurvey sites that the 2008 SFK interns had surveyed and to survey 
both areas that burned in the 2008 fire and those that had not burned.  
 
Methods 
Survey plots were located by entering the coordinates collected last year into the GPS unit and 
navigating to those locations.  Since geographic coordinates were only collected at the center point of 
each stop along the transects last year, side plots were conducted at 100 feet from the center point, at the 
documented bearing for that transect (however, the compass declinations were not set).  At each point, 
we documented and measured (or estimated) DBH for all trees within a 25 foot radius. We estimated 
percentage ground cover by type, using the following categories: brush, litter, forbs, grass, and rock.  
Spherical densiometers or ocular estimations were used to determine canopy closure at the middle of 
each point.  Aspect and slope were also documented for some of the plots.  Extent of burning was noted.  
Other unusual observations were also recorded, such as presence of down logs, trails, roads, streams, 
and so on. 
  
Results 
A total of 122 plots were surveyed along 10 transects.  Forty-two of the plots had burned during the 
2008 fire.  Six of the transects had at least one plot that burned.  Two transects had evidence of burning 
on each of their plots, and one of those transects was apparently a Jeffrey Pine plantation. 
 
The forest did not burn homogeneously throughout the bounds of the fire perimeter; rather, patches 
burned at varying intensities, sometimes surrounding a small, isolated unburned patch.  Though this fire 
mosaic is well-documented, the sharp delineations in nature are astounding and defy the principle of 
spatial autocorrelation.  This is supported by the results of semivariograms and covariance clouds (see 
“2009 GIS Report”). 
 
In some areas the needles remained on the limbs, even when the bole was scarred as much as 30 or 40 
feet up.  In other areas, the needles were all burned off, while the bole showed little to no evidence of 
burning.  This implies that neither flame height nor temperature is the sole (or even principle) forcing 
mechanism for combustion.  This counter-intuitive observation requires further investigation into the 
literature on fire behavior. 
 
The apparent plantation of Jeffrey Pine had burned such that all needles were consumed, whereas the 
adjacent areas of mixed species retained needles on the branches.  This is supported by the drastic 
reduction of canopy closure within the plantation and the slight increase of canopy outside of the 
plantation; however, since only two non-plantation sites fell within the intersection of the interpolated 
surfaces, without more data and more GIS layers this difference cannot be accurately quantified (see 

http://www.esri.com/
http://www.spatialecology.com/
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“2009 GIS Report”).  The ecological consequences of this are entirely beyond presumption, but it would 
seem that the removal of biomass from the plantation area might retard recovery of the forest.  Rather 
than reflecting the altered ecological composition and structure of the plantation, this dscrepancy may 
result from topographic bias in planation site selection.  Comparison of aspect and changes in canopy 
cover support this interpretation (see “2009 GIS Report”). 
 
For interpolation and analysis, a large cluster of transects was grouped together and referred to as Piute 
Site 2.  Within this site, the burned and unburned plots saw average canopy closure decreases of 3.7 and 
3.5, respectively.  The standard deviations were 22.1 and 28.4, respectively.  This suggests that there is 
no significant difference between their changes over the course of the year, implying that the fire had 
minimal ecological impact here; an ANOVA test would help to confirm this.  Time was not available to 
similarly examine the changes in ground cover at Piute Site 2.  However, ground cover conditions 
throughout the area as a whole changed very little over the year, having a 2008 mean of 79.9 with a 
standard deviation of 25.8 and a 2009 mean of 79.8 with a standard deviation of 23.1. 
 
Conclusions 
 
Due to the small sample size and therefore the inability to control for topographic impacts, we cannot 
state definitively that differences of fire effects in plantation vs. non-plantation sites was in fact the 
result of management practices. 
 
For fire research, in the future, it would be beneficial to collect more data, including duff/litter depth, 
canopy fuel base height, frequency of 10, 100, and 1000 hour fuels, as well fine scale topographic data 
such as slope and aspect. 
 
Thomas Laxson 
 
C - DATA MANAGEMENT 
 
Discussion 
 
As I pointed out in the first week of this summer, while the realm of data management frequently 
overlaps with those of GIS and spatial analysis, they are certainly not one in the same.  Database 
managers have an entirely different course of study and tend to be compensated much more heavily for 
their work than do geographers.  This is to reiterate that I am no expert in database design. 
 
That being said, the single most critical component of a sensible spatial data structure is the presence of 
a unique identifier field for each location at which data was collected.  The 2008 transect data not only 
grouped as many as three survey plots within one set of GPS coordinates, but omitted the waypoint 
name—the best candidate for an identifier field—from all but one of them and from most of the tree 
data.  The first task, then, was to assign unique names to each individual plot.  This was done by 
applying the waypoint name to all three of the plots at each transect stop, and then appending to the 
existing waypoint name an 'l', 'c', or 'r', for left, center, and right, respectively.  This process was then 
repeated for the tree data.  The coordinates were then assigned to the left and right plots.  Coordinates 
were then converted to decimal degrees. 
 
From this point, shapefiles were created from the coordinates.  The side plots were then moved 100 feet 
in the appropriate bearing, which required a series of trigonometric calculations for those transects not 
conducted in a cardinal direction.  This process of moving plots a specified distance without regard for 
terrain or obstacles is not nearly as accurate as collecting a GPS point for each plot, especially since the 
2008 interns usually estimated the 100 foot interval, and since no one from last year's crew knows 
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whether or not the compass used had been set to correct for magnetic declination.  Nevertheless, the 
general plot data is completed and in a standard GIS format. 
 
The next step was to organize the (non-Sequoia) tree data.  This is the section that gave me the most 
trouble.  I considered having a separate data sheet for each species, and having one row per plot.  The 
potential for excessively long rows, however, dissuaded me from adopting this structure.  While there is 
perhaps a better structure for this data, I eventually settled on one data sheet for all tree data, with a 
separate row for each individual tree.  This maximizes the number of rows, but it facilitates many-to-one 
relationships.  Since it would have taken too much time to make these changes manually, the 2008 tree 
data has not been updated; however, this is the design used for all 2009 data.  Perhaps someone more 
skilled in database management would know of a way to automate the restructuring process or even 
implementing a better structure. 
 
The giant Sequoia datasheets had already been set up appropriately, since each was given a unique 
identifier and its own coordinates. 
 
The only other problem with the 2008 data is that some of the numeric fields had been entered with unit 
or percent symbols.  While Excel may be able to perform calculations on this data, when converting to 
ArcGIS, fields with such symbols are created as text fields.  In this state, calculations are impossible.  In 
the future, only numbers should be entered into any number field; units can be distinguished in either the 
field heading or in the metadata. 
 
As far as the 2009 data design is concerned, it was deemed unnecessary to write down and later enter 
into Excel every set of coordinates, elevation, and date.  Instead, waypoints, which were collected as 
decimal degrees, were loaded from the GPS units to the Topo! geographic program and then exported as 
a comma delimited text file.  The field headings were renamed to contain only letters and separated with 
commas.  This text file would then be opened in ArcGIS, and an event file was created from the 
coordinates (in NAD83).  This event file was joined with the transect spreadsheet for that project.  The 
joined layer was then exported from ArcGIS as a shapefile. 
 
The only other change in the 2009 data is that some factors which were formerly mentioned in the 'notes' 
field are now expressed by a binary operator.  For example, the life status of a tree is denoted with a '1' 
for a living tree and a '0' for a dead tree.  In the Piute data, plots that burned in 2008 are denoted with a 
'1' in the 'burned' field; all unburned plots are given a '0'.  This relieves the burden of convoluted query 
syntax, reduces data volume, and expedites processing. 
 
Thomas Laxson 
 

SECTION IV - Pacific Fisher Survey 
 

SHIRLEY CREEK DRAINAGE ASSESSMENT 
 
Introduction 
 
For the Sequoia ForestKeeper internship during the summer of 2009, the interns were able to conduct 
research on the Pacific fisher using the procedures and equipment developed by the University of 
California at Berkeley.  We chose to set up “camera traps,” which consist of baited trees and a motion-
triggered camera to capture animal activity, in the Shirley Creek drainage and nearby areas at Alta 
Sierra, Kern County, California.  
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The Pacific fisher (Martes pennanti) is a member of the weasel family, making it a relative of the mink, 
otter, and marten.  This mostly nocturnal mammal is typically colored light brown to almost black, with 
some lighter areas of the face, neck, and shoulders.  The fisher has a characteristic long body and short 
legs, as well as a long bushy tail.  Unlike its name, the Pacific fisher does not eat fish, but rather has a 
diverse diet of small mammals, such as squirrels and rabbits, and also eats insects, vegetation, fruit, and 
even porcupine.   
 
Once ranging from British Columbia to northern California and into the Sierra Nevada, the Pacific fisher 
is now reduced to three isolated populations.  Decimated by fur trapping in the early part of the 20th 
century and now by continued logging and development, these unique creatures are found in the U.S. 
only in northwestern California in the Klamath Mountain region, the southern Oregon Cascades, and the 
southern Sierra Nevada.  The Pacific fisher favors mature old-growth forests, where there are plenty of 
areas with dense canopy and large diameter trees, snags, and down logs.  The fisher also prefers to den 
in rotting logs, hollow trees, or rocky crevices, especially near waterways.  Unfortunately, due to their 
low annual reproductive capacity and severe fragmentation due to human practices, the Pacific fisher 
populations are in need of protection, thus this species is a candidate under both the federal and 
California Endangered Species Act.      
 
With the Pacific fisher populations in such danger, the University of California Berkeley has undertaken 
a separate section of research within the Sierra Nevada Adaptive Management Project (SNAMP).  This 
overall operation is an independent, 3rd party research program set up to assess how forest vegetation 
treatments, such as mastication, thinning, and controlled burns used to prevent wildfires and protect 
homes, affect the environment.  In particular the project assesses affects on 1) forest health and fire risk, 
2) wildlife populations with emphasis on the Spotted Owl and the Pacific fisher, and 3) water quality 
and quantity.  The Berkeley group in charge of the Pacific fisher research is concerned with the fisher 
population distribution and abundance, the vitality of the fisher, and its limiting factors within the 
Madera and Mariposa Counties, California.  Using camera traps, den cameras, airplane detection, and 
live traps to ultimately track fishers with fitted radio-collars and identify via PIT tags, the research team 
hopes to complete the study within the next 6 years.  By analyzing the Pacific fisher data prior to 
treatments, during, and after we will hopefully gain a better understanding of the impacts fire prevention 
and protection techniques have on the environment.  The project will also aim to join data with a Forest 
Service operation in the Dinkey Creek area to expand the research parameters.  Thanks to the UCB 
research leaders, we were able to borrow 6 camera traps for the summer internship program to operate 
our own Pacific fisher project.            
 
Procedure 
 
For the summer internship section regarding the Pacific fisher project we used the camera trap protocol 
already established by the University of California Berkeley as follows: 
 
Equipment: 
6 RECONYX motion-triggered digital cameras 
8 “C” batteries per camera and replacements 
12 CF Photo cards 
4 desiccant packs per camera 
6 Bear Boxes 
6 Wood Slats with 20cm reflective markings  
Scent Lures (Gusto and Fisher Lure) 
Nut rings (pecans or walnuts) 
Bait socks of a dark color (with venison or chicken) 
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Camera Trap Setup: 
After each RECONYX motion-triggered digital camera is prepared with a formatted CF photo card, 8 
“C” batteries and 4 desiccant packs they are then ready for the field.  Using the center point grid 
coordinates (UTM: EEE499_NNNN499) to locate at the center of a targeted one square kilometer grid 
cell, the camera trap site is selected at the most suitable location based on optimizing the trade offs of 
accessibility, security away from highly used areas, and high fisher habitat requirements.  Ideal forest 
areas based on fisher resting habitat include high canopy closure, large diameter conifers and black oaks, 
large decayed down logs, large diameter snags, moderate to steep slopes, and being located close to 
water.  The camera trap site must also follow the guidelines of tree selection.  The distance between the 
camera and bait tree should be between 3 to 5 meters, with the bait tree larger than the camera tree, 
ideally the bait tree 50 cm  diameter at breast height (DBH) or larger and the camera tree 30 cm DBH or 
larger.  Additionally, the camera must face in a northward direction of approximately 320° N to 40° N to 
avoid photographs triggered by sunlight.   
 
Once the camera trap site is determined and the designated trees are selected, a visual path between the 
camera and bait tree must be made to get clear photographs of animals. The bait sock is nailed at about 
eye level and centered in the upper third of the camera view, with 1-2 meters of ground photographed in 
front of the bait tree.  After, a pre-prepared reflective tape wood slat is nailed onto the bait tree with the 
top at the bait sock level.  The wood slat will help determine the sex of the fishers based on body size.  
A nut ring (a wire ring of 10 pecans or walnuts) is hung above the bait sock with peanut butter smeared 
on top.  This bait will provide an index of the abundance of squirrels and other small mammals within 
the area, which are key fisher prey.   
 
After mounting the bear box on the camera tree, the positioning and camera angle is verified with the 
digital photo viewer by taking a few initial pictures of the bait tree.  With the camera operation and 
angle checked, Gusto is placed on one end of a small stick and the clean end is pushed into the ground 
under the wood slat.  More is smeared near the base of the tree and on 1-2 surrounding trees or shrubs.  
Additionally, a small amount of fisher lure is smeared on the bait sock.  (Those who handle the bait and 
lures should not set up the camera, as scent from handling the lures could be transferred to the camera 
which could attract animals that may cause damage to the camera.)  Scent neutralizer is sprayed on a 
paper towel and rubbed over the camera to remove any scent.  With the bait tree complete, the Reconyx 
camera is turned on, the pass code entered, and the “A/1” button is selected after the green light appears 
and until it flashes.  The camera is made sure it is working properly by passing a hand over the detector 
until the red light appears on the inside camera body and pictures are being taken.  Lastly, the camera is 
set inside the bear box, the time of day noted, and the site is left.  (Reference photos of the camera ID, 
trees, and habitat area should be taken and information recorded on a setup form during the process of 
set-up.) 
 
Camera Trap Station Check-up: 
The crew returns to the camera trap location 8-11 days after set up to collect the photos taken during the 
shooting period. The camera is turned off and the CF photo card “a” is replaced with card “b.”  The 
photo image viewer is used to verify that the camera remains aimed properly.  The Gusto and Fisher lure 
are renewed, a new bait sock and nut ring is nailed to the tree if needed, and more peanut butter is 
smeared onto the nut ring.  With the site refreshed, the camera is turned back on, the time of day noted, 
and the site is left for another period of 8-11 days.  After one month of completed camera surveying (4 
check-ups), the camera traps and all equipment are removed (or left for another 1 month period). 
  
Results 
 
Camera traps were established at the following locations for an eight-week period, except for camera 
trap UCB-7A, which was moved to a new location (UCB-7B) after four weeks due to inactivity. 
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UCB 6  (UTM East 0360395 North 3953393) 
 

UCB 6 5/28 - 6/6 6/6 - 6/14 6/14 - 
6/23 6/23 - 7/1 7/1 - 7/11 7/11 - 

7/20 
7/20 - 
7/28 7/28 - 8/6 

 
Notable 
Species  2 bears 

1 deer 
4 bears 

2 squirrels 2 bears 1 bear 3 bears 5 bears 2 bears 4 bears 

 
UCB 7 A (UTM East 0359430 North 3954505) 
 

UCB 7 a  5/28 - 6/6 6/6 - 6/14 6/14 - 
6/23 6/23 - 7/2 

 
Notable 
Species 1 squirrel 

1 deer 
1 fox 

1 squirrel 

1 deer  
2 foxes 

1 squirrel 

1 bear 
1 fox 

1 squirrel 

 
UCB 7 B (UTM East 0358460 North 3951742) 
 

UCB 7 b  7/2 - 7/11 7/11 - 
7/19 

7/19 - 
7/28 7/28 - 8/6 

 
Notable 
Species 

5 bears 
1 deer 

2 fishers  
4 squirrels 

5 bears 
1 fisher 
2 foxes  

1 squirrel 

3 bears 
1 fisher 

1 squirrel 

2 bears 
3 squirrels 

 
 
UCB 29 (UTM East 0359668 North 3952260) 
 

UCB 29 5/28 - 6/6 6/6 - 6/14 6/14 - 
6/23 6/23 - 7/1 7/1 - 7/11 7/11 - 

7/19 
7/19 - 
7/28 7/28 - 8/6 

 
Notable 
Species 4 squirrels 1 mouse  

3 squirrels 

1 bear 
2 foxes 

5 squirrels 

2 bear 
3 foxes 

3 squirrels 

3 bear 
6 foxes 

4 squirrels 

4 bears 
2 squirrels 

9 bears 
3 squirrels 

8 bears 
1 deer 
2 foxes 

2 squirrels 

 
 
UCB 41 (UTM East 0358546 North 3953379) 
 

UCB 41 5/28 - 6/6 6/6 - 6/14 6/14 - 
6/23 6/23 - 7/1 7/1 - 7/11 7/11 - 

7/20 
7/20 - 
7/28 7/28 - 8/6 
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Notable 
Species 

3 bears 
2 deer 
1 fox 

2 mice 
5 squirrels 

1 bears 
2 fox 

2 mice 
2 squirrels 

 
1 bears 

1 bobcat 
1 deer 
2 fox 

1 fisher 
2 mice 

5 squirrels 
 

1 fox 
1 squirrel 

2 bears 
2 foxes 

1 squirrel 

1 bear 
3 squirrels 

1 bear 
1 fox 

2 squirrels  

2 bears 
1 deer 
2 foxes 

1 squirrel 

 
 
UCB 45 (UTM East 0360506 North 3952551) 
 

UCB 45 5/28 - 6/6 6/6 - 6/14 6/14 - 
6/23 6/23 - 7/1 7/1 - 7/11 7/11 - 

7/19 
7/19 - 
7/28 7/28 - 8/6 

 
Notable 
Species 

1 bear 
1 fisher 

1 squirrel 

5 bears 
2 squirrels 2 bears 

4 bears 
2 deer 

1 squirrel 

3 bears 
1 squirrel 2 bears 3 bears 

1 squirrel 1 bear 

 
 
UCB 47 (UTM East 0359453 North 3952592) 
 

UCB 47 5/28 - 6/6 6/6 - 6/14 6/14 - 
6/23 6/23 - 7/1 7/1 - 7/11 7/11 - 

7/20 
7/20 - 
7/28 7/28 - 8/6 

 
Notable 
Species 1 squirrel 1 bear 

2 squirrels 

2 bears 
1 deer 

1 squirrel 

6 bears 
2 squirrels 

2 bears 
1 fox 

1 squirrel 

3 bears 
1 fox 

1 squirrel 

4 bears 
1 fox 

4 bears 
1 fox 
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Map of the Camera Trap Locations:  Alta Sierra Area, Kern County, California 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Map Details: 
**blue line grids are one square kilometer each 
**red dots represent locations where camera traps were set up 
**white circles around the red dots represent locations where a Pacific fisher was detected 
**the orange square indicates the location of the ski resort 
**the blue triangle indicates the Alta Sierra residential community that reaches further off the        map 
to the north, as well 
 

UCB 45 

UCB 7 B 

UCB 41 

UCB 47 

UCB 29 

UCB 6 

UCB 7 A 

Comment [AM1]:  
 
Marissa, 
 
I believe that the North direction should be indicated 
on the map with a separate symbol. 
 
Ara 
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Animal Sightings at All Camera Trap Locations during the Entire Period: 

 
**graph does not represent the number of individuals of the different species, but rather sightings of 
individuals at differing times within the eight week period 
 
 
Conclusions and Future 
 
After an eight-week time period with the camera traps set up, we found many large carnivores, small 
mammals, and three Pacific fishers.  At the following camera trap locations Pacific fisher photographs 
were taken and verified:  UCB 45, UCB 41, and UCB 7 B.  Only at “UCB 7 B” did the individual fisher 
come back to the site, whereas the other two locations fishers were seen just once at each site. 
 
For future plans, it would be a good idea to use more camera traps to gather additional data on the 
number of individual fishers in designated areas.  With this change and analysis of the data collected, we 
can hopefully be able to better guide forest management policies and practices.  It may be possible to 
determine how the camera trap locations near human developments, roads, or logging impact the 
presence of the Pacific fisher. It also might be beneficial to analyze the impact of the ski resort pumping 
water within the Shirley Creek drainage, as fishers typically live and move near waterways.  Moreover, 
continued research could reveal the relationship between the bear and the fisher, as bears may interfere 
with Pacific fisher appearance at some locations, assuming that bears are a more aggressive predator and 
typically get to the bait first, or it could be that there are just no fishers in that particular area where 
cameras are placed at that time. 
 
Forest habitats must be restored over large areas with lush vegetation, as well as connectivity to other 
fisher habitats, (especially with the Pacific fisher’s requirement for a large home range of 50 -150 square 
kilometers).  Down logs, snags, and large diameter trees in areas with high canopy closure are essential 
for maintaining Pacific fisher populations in California.  
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Marissa Williams 
 
 

 

 
 

UCB-7 B Pacific fisher 
 
 

 
 

UCB-41 Pacific fisher 

Comment [AM2]:  
 
Marissa, 
 
Can you flip the photos 90 degrees so they are 
vertical? 
 
Thanks. 
 
Ara 
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UCB-45 Pacific fisher 
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SECTION V - Meadow Surveys 
 
A - Big Meadows 
 
Introduction: 
 
This final report is a complete series of evaluations from the summer 2009 season for Big Meadows in 
Giant Sequoia National Monument along with notes, comments, final analysis, and conclusions. 
Materials and methods and data analysis are included within the document. Please note that because the 
individual “Ponds” of the so called "Pond and Plug" work done at Big Meadows are artificial, we felt 
that the term “Pits” gives a far more accurate description. 
 
Big Meadows Evaluation: 5/24/09-5/25/09 
 
Water Quality Parameters and Methods 
 
Dissolved Oxygen (DO)  We tested for DO at pits 1, 3, A, B and C; and at inlet stream stations 1A, 1B 
and outlet station 2 at the wilderness trail footbridge. DO is the oxygen that is freely available in water, 
and is vital to fish and other aquatic life. Levels above 5 parts per million (ppm) are the minimum 
required for a healthy aquatic system. Levels below 3 ppm are stressful or fatal for most aquatic 
organisms. Levels at these sites ranged from 5 to 9 which do not indicate stressful conditions for aquatic 
life at this time. We used a sinkable collection jar and rod to collect each sample, and the HACH 
Dissolved Oxygen Test Kit to obtain our results. 
 
Turbidity Turbidity interferes with the penetration of sunlight that is needed for algae and plant growth 
in water, and affects a fish’s ability to find food. Turbidity levels ranged from 0.54 to 1.24 
Nephelometric Turbidity Units (ntu), and these levels do not indicate a significant problem.  We used 
the HACH Turbidimeter Test Kit to obtain our results. 
 
Electrical Conductivity (EC)  EC is measured to determine the ability of water to conduct an electrical 
current, which is affected by the presence of dissolved solids. EC will increase as the level of dissolved 
solids rises. Levels at these sites ranged from 1.0 to 13 micromhos per centimeter (µmhos/ cm) which 
indicate a very low mineral content at these locations. We used the HACH Conductivity Meter to obtain 
our results. 
 
Hydrogen ion concentration (pH) Hydrogen ion concentration is an indication of a water’s acidity, with 
neutral being 7. Solution below 7 is considered acidic, and above 7 basic. pH levels found at these sites 
ranged from 6.6 to 7.9, which fit into the optimal range for most organisms, which is 6.5 to 8.2. We used 
the HACH pH meter to obtain our results. 
 
Nitrates High nitrate levels indicate presence of pollution runoff due to presence of cattle and/or other 
factors. Most sites had no detectable amounts of nitrates, however, Pit A and Pit B (which is closest to 
downstream) had readings of 4.4 and 11.44 milligrams/liter of nitrates, respectively. If nitrates occur at 
all, accumulation at the ponds in the downstream area makes sense. We used the HACH Surface Waters 
Test Kit (using nitrates reagent) to obtain our results. 
 
Phosphates Presence of phosphates in the water can occur due to pollution runoff from household 
detergents, cattle, or other factors. There was no presence of phosphates in any of the samples. We used 
the HACH Surface Waters Test Kit (using phosphates reagent) to obtain our results.  
Settleable Solids Settleable solids are an indication of how much sediment is settled out after being 
carried in the water when a sample is poured through a Imhoff settling cone and allowed to set for five, 
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fifteen and thirty minute intervals. Most samples only contained a trace, with the exception of pit A 
which showed a reading of 0.1 ml.  
 
Streamflow Measurements were recorded for stream width, water depth, flow meter revolutions and 
seconds at Big Meadows Creek flow measuring station 2.  Calculations were made of cross-section area 
and water velocity to determine cubic feet per second (cfs) of flow. Two separate measurements were 
taken which were fairly consistent with each other. Streamflow on 5/24/09 was 13.84 cfs, and on 
5/25/09 was 14.56 cubic feet per second. Instruments used to take readings included depth rod and 
“Pygmy” flow meter, measuring tape, and stopwatch. 
 
Stream Cross Section Profile At one site on Big Meadows Creek the cross section profile was measured. 
For a distance of from 1 to 42 meters from one stream bank across the stream bed to the other side, 
elevations and substrate were recorded at each meter. A comparison of the two will be made to check for 
accuracy of the methodology. Instruments used were a transit level, stadia rod, GPS unit and measuring 
tape. 
 
Big Meadows Evaluation: 6/12/09-6/17/09 
 
Water Quality Parameters: 
 
Dissolved Oxygen We tested for dissolved oxygen at Big Meadows at 21 separate pits and five separate 
stream stations. Two readings were taken at each pit; a surface reading and a bottom reading. DO levels 
for the pits ranged from 3 ppm to 8 ppm, with Pit 2 (surface & bottom) and Pit 5A (bottom only) both 
the lowest at 3 ppm, which indicates an unsafe level for fish and other aquatic life. The average reading 
for the pits was 6.5. Stream readings ranged from 7 ppm to 11 ppm. Most of the readings were within 
safe levels. 
 
Turbidity Turbidity levels were more significant than the May readings. Readings ranged from the 
highest at 6.67 ntu (Pit 5A) to 0.37 ntu (Station 4, Boulder Creek). Other high readings included Pit 5 
with a reading of 4.98 and Pit 1 with a reading of 5.48. 
 
Conductivity EC levels ranged from 000 (at Stream 1B) to 132 (Pit D-bottom: indicating a heavy 
mineral content). Most levels were between 002 and 008, showing no significant mineral content. 
 
Hydrogen Ion Concentration pH levels were between 4.5 (Pit D-bottom) and 8.1 (Pit 1-surface). This 
indicates an acidic reading for Pit D and a basic reading for Pit 1. Most readings were fairly neutral with 
readings between 7.0 and 7.5. 
 
Nitrates There were no detectable nitrate readings in any of the Pits or the Stream samples unlike two of 
the May readings. 
 
Phosphates Phosphate levels ranged between 0 mg/L and 3.6 mg/L. The highest reading was at Stream 
1B, which could indicate runoff from cattle waste. Stream 1B is an inlet tributary from the west, and 
located more central in the meadow. Cattle evidence was seen throughout the meadow which may have 
played a factor in this significant reading. 
 
Settleable Solids Readings for settleable solids ranged from 0 to 0.2 ml. which were not significant. 
Most readings contained only a trace, and some samples contained copepods (aquatic organisms). 
 
Streamflow Streamflow measurements were taken at flow measuring station 2 on 6/12/09 and 6/17/09 
respectively. Total discharge on 6/12 was 7.85 cfs and 6.61 cfs on 6/17/09. 
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Notes Stream 1A drains a northerly inlet branch of Big Meadows, and drains into Pit 1, Pit 1 drains into 
Pit 2, Pit 2 drains into Pit 3, and Pit 3 is isolated from the stream channel. Stream 1B drains a westerly 
branch of Big Meadows. Pit 4 is adjacent to the rock island (the circular island with trees located in the 
center of Big Meadows). Pit 3 drains into Pit 4, Pit 4 drains into Pit 4A, Pit 4A drains into Pit 5, Pit 5 
drains into Pit 5A. Pit 5A drains into Pit 6, and Pit 6 drains into Pit 8. Pit 7 drains from a northerly 
branch of the meadow. Pit 7 also drains into Pit 8. Pit 9 drains into Pit 10, and Pit 11. Pit A drains 
downstream to the trail bridge, Pit B drains into Pit A. Pits A, B, and C are the lower most pits; the first 
pits upstream from the trail bridge. Information on Pits B through H will be provided on a later report 
when these Pits are re-numbered. Pit H has a 3ft. deep gully coming from the east, has steep, badly 
eroded sides , and ground water pouring in from the east side. Soil samples were taken from Pit 11, Pit 
G, and the Big Meadow Campground (Unit 1), and will be analyzed for organic and mineral content 
(weighing & burning method). Flow measure at Station 2 was 2.6 cfs. GPS waypoints and photos were 
taken of each pit and stream sample site. 
 
Comments Meadow conditions were cold, cloudy and foggy; the ground was very saturated with many 
marshy, flowing water channels. Any exposed areas from the "pond and plug" project appear to be 
experiencing a very poor vegetation regeneration rate.  Water was "tea" colored; lighter in shallower 
areas and darker in deeper areas. Heavier sediment has settled on the banks of the creek. We met some 
Kaweah Fly Fishers and they commented about low fish presence and had some reservations about the 
project although they felt that the willow regeneration was great. They stated that they knew Dan 
Christenson and then requested a copy of our report. They also mentioned a "lake" above Stream 1B. On 
6/13/09 we encountered the same fishermen, and one caught two 6 inch Eastern Brook trout from Pit 8. 
A Bald Eagle was spotted in a tree across the creek at campsite #1 on the morning of 6/13/09, which is 
very rare for mid-June. 
 
Big Meadows Evaluation: 7/1/09-7/3/09 
 
Water Quality Parameters: 
 
Dissolved Oxygen We tested for DO at locations that included Pits 1 through 20, stream stations 1A, 1B, 
2, 3, and 4. Station 2 is the footbridge near the campground. Station 3 is under the bridge located one 
mile east of the campground. Station 4 is located at Boulder Creek several miles east down the same 
road. Two readings were taken at each Pit; a surface reading and a bottom reading. DO levels for the pits 
ranged from 0 ppm to 9 ppm with Pit 17 having the lowest reading at 0 ppm which is the lowest possible 
reading and indicates the inability for aquatic life to survive. Other low readings included Pit 12 with a 
reading of 1ppm, Pit 2 with a reading of 2ppm, and Pit 14 with a reading of 3 ppm.The average reading 
for the pits was 6 ppm. Stream readings ranged from 4 ppm to 9 ppm. Many of the other readings were 
at safe levels. 
 
Turbidity Turbidity readings were even more significant than the June readings. Readings ranged from 
0.54 ntu to 22.2 ntu. Pit 10 had the highest reading (22.2 ntu). Other high readings include Pit 11 (6.32 
ntu), and Pit 2 (5.73 ntu). 
 
Electrical Conductivity EC levels ranged from 003 (at Stream 1B) to 061(at Pit 20). Pit 20 indicates a 
heavier mineral content than the other Pits. 
 
Hydrogen Ion Concentration pH levels were between 7.0 (Pit 2-neutral) and 8.5 (Pit 20-basic). Most of 
the readings were fairly neutral. 
 
Nitrates There were no detectable nitrate readings in any of the Pits or the Stream samples. 
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Phosphates Phosphate readings ranged between 0 mg /L to 1.0 mg /L. The highest reading was at Stream 
1B, which is consistent with the June reading.  
 
Settleable Solids Readings for settleable solids ranged from 0 to 1.3. The highest reading occurred for 
Pit 10. Most readings contained only a trace. 
 
Streamflow Streamflow measurements were taken at flow measuring station 2 on 7/2/09. Total 
discharge was 1.7632 cfs. 
 
Big Meadows Evaluation: 7/14/09-7/16/09 
 
Water Quality Parameters 
 
Dissolved Oxygen We tested for DO at Pits 1 through19, and stream stations 1A, 1B, 2, 3 and 4. Two 
readings were taken from each Pit; a bottom reading and a surface reading. DO levels ranged from 2 
ppm to 11 ppm. The highest reading was at Pit 2 (11 ppm). Low readings were from Pit 6 with 3 ppm. 
The average reading was 6 ppm. Most readings were within a safe level for aquatic life.  
 
Turbidity Turbidity readings were lower than the earlier July readings. Readings ranged from 0.48 ntu to 
5.28 ntu. Pit 2 had the highest reading (5.28 ntu). Other high readings include Pit 1 (5.11 ntu), and 
stream station 2 (4.21 ntu). 
 
Electrical Conductivity EC levels ranged from 007 (at stream station 4) to 023 (at Pits 13, 14, & 16). 
These Pits indicate a heavier mineral content than the other Pits. 
 
Hydrogen Ion Concentration pH levels were between 7.3 (Pit 12 near neutral) and 8.9 (stream station 4 
basic). The readings were split between fairly neutral and basic. 
 
Nitrates There were no dectectable nitrate readings in any of the Pits or the stream samples. 
 
Phosphates Phosphate readings ranged between 0 mg /L to 0.96 mg /L. The highest reading was at Pit 
11. The majority of the readings contained some level of phosphates, which indicate evidence of 
pollution runoff from cattle waste. 
 
Settleable Solids Readings for settleble solids ranged from 0 to 1.3 ml. The highest reading occurred for 
Pit 18. Most readings contained only a trace. 
 
Streamflow: Streamflow measurements were taken at flow measuring stations 2 and 4 on 7/14/09 
through 7/16/09. Separate total discharge readings for station 2 were: 0.27 cfs; 0.40 cfs; and 0.46 cfs.  
Total discharge for Station #4 was 4.24 cfs. 
 
Big Meadows Evaluation: 7/31/09-8/1/09 
 
Water Quality Parameters 
 
Dissolved Oxygen We tested for DO locations that included Pits 1 through 20, stream stations 1A, 2, 3, 
and 4.  Stream 1B was not sampled because the water level was too low to sample. Two readings were 
taken at each Pit; a surface reading and a bottom reading. DO levels for the pits ranged from 3 ppm to 11 
ppm.  Pit 2 and Pit 5 had the lowest readings at 3 ppm which is the borderline reading for the ability for 
aquatic life to survive. Other low readings of 4ppm included Pit 1 (both readings) and Pit 5 (surface 
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reading). The average reading for the pits was 6.5 ppm. Stream readings ranged from 4 ppm to 9 ppm. 
Most of the readings were at safe levels and were much higher than the earlier July readings.  
 
Turbidity Turbidity readings were less significant than the June readings. Readings ranged from 0.88 ntu 
to 10.3 ntu. Stream station 2 had the highest reading (10.3 ntu). Other high readings include Pit 7 (8.83 
ntu), and Pit 13 (6.77 ntu). 
 
Electrical Conductivity: EC levels ranged from 000 (at Pit 1 and stream station 4) to 008 (at stream 
station 2). Station 2 indicates a heavier mineral content than the other locations. 
 
Hydrogen Ion Contration pH levels were between 7.2 (Pit 14 near neutral) and 9.9 (Pit 20 basic). Most 
of the readings were fairly basic. 
 
Nitrates There were no detectable nitrate readings in any of the Pits or the stream samples.  (Nitrate 
readings at all sites were at zero.) 
 
Phosphates Phosphate readings ranged between 0 mg /L to 0.01 mg /L. The highest readings were at Pits 
2, 6 and 15. Readings were much lower than the earlier July readings. 
 
Settleable Solids Readings for settleable solids ranged from 0 to 3ml. The highest reading occurred for 
Pit 7. Most of the readings contained only a trace. 
 
Streamflow Streamflow measurements were taken at flow measuring stations 3 and 4 on 7/31/09. Total 
discharge for Station 3 was 0.20 cfs., and Station 4 was 4.36 cfs. An attempt to measure Station 2 
resulted in no measurable flow. 
 
Results 
 
Data collected for the Big Meadows Water Quality Project can be accessed on the Sequoia ForestKeeper 
intern laptop in the “Big Meadows” folder located in the “Summer 2009 Intern” folder on the desktop. 
Pit, Stream, and Streamflow data are located within the “Big Meadows” folder. Also included is a folder 
of “Big Meadows Pics”, a guide to the photos for each pit, and a folder marked ”Waypoints.”  I have 
also included all of the reports from Summer 2009. The Big Meadows Power Point Presentation is 
located on the desktop. Pit 2 had the lowest consistent readings for dissolved oxygen (2 to 3 ppm), and a 
settleable solid reading of 3 ml taken on June 14th, 2009 showed the presence of copepods. It is my 
understanding that copepods are fairly tolerant of lower oxygen levels. Throughout the summer, we 
witnessed various forms of aquatic life in some of the pits that included fish, amphibians, and aquatic 
insects. Some species included were: Eastern Brook Trout (Savelinus fontinalis), Pacific Treefrog (Hyla 
regilla), Mountain Yellow-legged Frog (Rana muscosa), and Common Water Strider (Gerris remigis). 
Water color observed for the pits with lower DO levels was “tea-like” in appearance. 
 
The results of the Pond and Plug “Restoration” project are disturbing, especially concerning the 
bulldozed areas of the plugs that resemble a parking lot adjacent to the pits. Considering the amount of 
time that has passed since the project was implemented, it is my opinion that the vegetation on these 
scarred areas has made little or no progress in recovering. Extremely low DO levels of 2, 1, and even 0 
found in July show that some of the pits are unable to support aquatic life at given times. Turbidity 
readings were the highest overall in early July, although higher readings were occasionally recorded 
throughout the summer. The highest mineral content (electrical conductivity) reading was recorded for 
Pit 20 in early July (061 micromhos per centimeter). pH readings were fairly neutral throughout the 
summer, but the final trip to the meadow resulted in more basic levels. Any presence of nitrates occurred 
early in the season; there were consistently zero nitrates the rest of the time. Phosphates were low or 
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non-existent early on, but had a large spike in July, and most likely indicate pollution run-off from cattle 
feces and trampling. On August 1, 2009, while collecting water samples, Christian Michel and I saw 
approximately 8-10 cattle in the meadow. I took several photos of the cattle which can be found in the 
“Big Meadows Pics” folder under 8/01/09. Although most settleable solid readings contained only a 
trace the majority of the time, higher readings of 2.0 and 3.0 ml. occurred later in the summer for Pit 7 in 
particular. Streamflow decreased significantly for most flow measuring stations throughout the summer. 
Station 2 records show readings of 14.56 cfs for May, compared with no measurable flow for early 
August. Station 3 (Bridge) decreased from 0.92 cfs for mid-July, compared with a reading of 0.21 cfs for 
late July. Station 4 (Boulder Creek) stayed fairly stable with a 4.24 cfs in mid-July to 4.36 cfs for late 
July. 
 
Conclusions: 
 
More consideration and care should have been taken in the planning of the restoration of Big Meadows. 
Data collected and observations from the last two years show that the pits and stream segments have 
significant impairment for many of the water quality parameters tested. Although the Giant Sequoia 
National Monument’s position is that there is no longer a cattle presence in Big Meadows, we found 
evidence that this is not the case. High phosphate levels clearly show that cattle are present in Big 
Meadows on at least a fairly regular basis whether intentionally or not. The overall appearance and 
water quality of Big Meadows could be greatly improved by the removal of cattle, and re-establishing 
the meadow from the point of origin (lower end of the meadow) by filling in with boulders, rocks, and 
sediment, allowing the meadow to fill itself in, and vegetation to recover. Big Meadows would have 
been better served by the use of this method rather than Pond and Plug. 
 
Lois (Betsy) Roberts 
 
B - Halstead Meadow 
 
Halstead Meadow Evaluation: 7/14/09  
 
Roberts, Free, Christenson and Michel attended a field trip at Halstead Meadow in Sequoia National 
Park. Also present were: Park staff and Rich Kangas. Halstead Meadow has a history of cattle grazing 
from the 1890’s to the 1930’s, which created gully formation and erosion and resulted in downcutting 
and heavy damage. The Park Service’s goal was to restore Halstead Meadow by filling in a very large 
gully and leveling the meadow to its natural state. They created a level horizontal cross-section and used 
large logs to spread and pond the water, and used copious amounts of native soil to raise the level of the 
meadow, and plugged the upstream end by the road. They then planted native grasses to stabilize the soil 
in 2007, which seem to be well-established at this point in time. The downstream section has a very 
large 8-10 foot gully and the Park Service has plans to restore it in the future. There are also plans in the 
works to build a bridge between the two meadow sections, with design concerns that will allow for 
establishment of vegetation. One disadvantage to this project was that water tunneled under the furthest 
log and created gullying. Our overall impression was that although the meadow restoration seems 
successful, more care could have been taken to create a more undulating, natural effect with various 
levels, other than the flat, unnatural look that was achieved. , A dissolved oxygen reading of a Halstead 
Meadow stream segment taken on 7/31/09 resulted in 9 ppm. 
 
 
Lois (Betsy) Roberts 
 
 
C - Cahoon Meadow  
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Cahoon Meadow Evaluation:  7/23/09-7/24/09 
 
Stream profiles were recorded at Cahoon Meadow in Sequoia National Park by Christenson, Free, 
Michel, Marderosian, and Laxson. Profiles were taken at the keypoint, upstream at 100 foot intervals, at 
the major headcut, and the side tributary headcut (3-point measurements). Equipment used included: 
transit level, stadia rod and tape measure. 
 
Lois (Betsy) Roberts 
 
 
D - Brown Meadow 
 
Brown Meadow-Piute Mts. Observations: 6 / 3 /09 
 
Brown Meadow, located in the Piute Mountains, illustrates a prime example of disintegration over time. 
The downstream location of a rock outcrop, and the obvious elevation change observed from a grassy 
rise are indicators of the former meadow boundaries, and indicate meadow retreat/decline. Severe 
erosion from downstream has caused the decline of the meadow. One method of rebuilding and restoring 
Brown Meadow to its former state is to blast the rocky outcrop area allowing the resulting large boulders 
to be used in the streambed which would cause the creek water to rise. Filling in with a source of smaller 
sediment that would eventually support grass would therefore restore the meadow. This restoration 
could only be maintained without the presence of cattle grazing, which causes erosion. 
 
Lois (Betsy) Roberts 
 
 
E - Unnamed Meadow near Packsaddle Giant Sequoia Grove 
 
Early in the summer, a water sample was taken from Packsaddle Creek during the Packsaddle Grove 
inventory where we noticed strong evidence of cattle and major damage to the creek and adjacent 
meadow. This resulted in a phosphate reading of 1.0 mg/L, the highest that can be recorded with our 
equipment. 
 
Lois (Betsy) Roberts 
 


