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Cover Photos: Long term monitoring plot (2010 on left, 2020 on right). TOP photos show a purple sage (Salvia 
leucophylla) shrubland in the Caliente Range of the Carrizo Plain National Monument, with high mortality of coastal 
sage shrubs. BOTTOM photos show a spiny saltbush (Atriplex spinifera) shrubland that has been relatively stable 
over time. 
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I. INTRODUCTION 
 
The Carrizo Plain National Monument has been designated to preserve and maintain semi-desert 
shrubland and grassland ecosystems of the San Joaquin Valley, California. The monument offers a 
refuge for several endangered plant and animal species, and because of its size, isolation, and 
relatively undeveloped nature, this region is ideal for long-term conservation. To manage the 
monument and meet these conservation goals, the Bureau of Land Management (BLM) is working in 
cooperation with the California Native Plant Society (CNPS) to map and monitor vegetation of the 
monument.  
 
In 2010, CNPS established 45 long-term vegetation monitoring plots across a wide variety of habitat 
types as part of a larger effort to document and monitor vegetation resources in this region (Figure 1). 
Vegetation patterns in the Carrizo region were analyzed and classified in 2011, and a floristic key is 
available through a previous CNPS report to BLM (Buck-Diaz & Evens 2011). A fine-scale vegetation 
map of the monument, based on 2007 aerial imagery, serves as a baseline for monitoring of habitat 
quality and quantity (Stout et al. 2013).  
 
In 2019, CNPS compared a 1988 CEC vegetation map to the more recent vegetation map (2007 
imagery) to detect broadscale changes across a 20-year timespan (Harbert et al. 2019). The 2007 
vegetation map documented a greater acreage of herbaceous vegetation (+20,000 acres) across the 
monument than the previous map, though we determined this was mostly due to scale differences. 
The 1988 map delineated huge swaths of tree and shrub types without capturing the fine-scale 
patterns and matrix of herbaceous communities. We concluded that if vegetation type conversion 
(transition from one state to another) occurred between 1988 and 2008, it was at a small scale. The 
long-term monitoring project described in this report is a continuation of botanical resource 
assessment and vegetation monitoring in the Carrizo Plain region and gives a fine scale assessment 
of floristic changes within permanently marked plots of the monument. 
 

II. OBJECTIVES 
 
The first critical step in an adaptive management plan involves strategic monitoring of conservation 
targets. The purpose of this project is to collect long-term monitoring data across an array of habitats 
and to analyze this data over time to detect change. Vegetation plots installed in 2010 were re-visited 
two times at 5-year intervals to document variation and/or stability across 45 sites. This project 
informs BLM’s management plan through the detection and mitigation of fluctuation in vegetation 
communities that may result from a changing climate and other stressors including exotic species. 
 

III. METHODS 

Study area 

The study area is within the Carrizo Plain National Monument, a region covering more than 245,000 
acres of the inner and southern part of the Central Coast Range in California. It encompasses both 
private properties and public lands—including those owned at the county, state and federal level. The 
National Monument is jointly managed by partners (BLM, California Department of Fish and Wildlife, 
and The Nature Conservancy) to protect and enhance the natural, undeveloped character and biotic 
resources of the region. 
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Figure 1. Study area map depicting long-term monitoring plots established in 2010, where three surveys (shown in red) are now 
inaccessible and abandoned. Four newly established plots are shown in green (one Ephedra plot installed in 2015 and three 
replacements for abandoned plots installed in 2022) for a total of 49 plots.
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Field Sampling 

CNPS worked with project partners at BLM to coordinate logistics across numerous years 
(2010, 2015, 2016, 2020, 2021, and 2022) to re-sample 45 established long-term monitoring 
plots across an array of vegetation types in the Carrizo Plain National Monument (Figure 1). 
Each year, CNPS compiled and reviewed project materials including previously collected field 
data sheets and plot photos. The sampling protocol was based on an augmented CNPS 
standardized protocol specifically designed for long-term monitoring (Appendix A & B).  
Plots were originally marked in 2010 using Global Positioning System (GPS) units and re-
located by using metal detectors to find sunken steel nails and washers marking 4 corners and 
a center point of each 400 m2 plot (Figure 2). In 2015/16, geographic coordinates were recorded 
for each nail using sub-meter accuracy (GPS) units to produce a highly accurate map of the 
vegetation sampling locations. 
 
The data collected varies per nested plot 
size, but overall included presence or 
percent cover estimates for each plant 
species detected, as well as cover for the 
vegetation strata (herb, shrub and tree 
layers). Within each survey, environmental 
data were collected, as well as wildlife 
habitat information, including vegetation 
structure and site condition. The re-visit 
surveys were completed as close as 
possible to the date of the original 2010 
survey, while recognizing that the 
phenology of annual plants may vary from 
year to year.  

Figure 2. Photo of relocated nail  

Data Entry and Analysis 

CNPS staff entered the field-collected survey data into standardized databases, and photos of 
each stand were archived into individual digital file folders. Unknown plant specimens collected 
during the field season were identified using the Jepson eFlora (Jepson Flora Project, 2022). All 
data were quality controlled, merged with existing data, and standardized prior to change 
analysis.  
 
CNPS generated summary statistical analyses to determine change over time between field 
surveys collected in 2010, and subsets collected in 2015/16 and now 2020/21/22. The analyses 
were accomplished using Microsoft Access, PC-Ord, and Excel functions including ANOVA 
(one-way) and Tukey-Kramer Post-Hoc tests to explore change over time in species richness 
and abundance. The Shannon-Weiner diversity index was used to assess changes in diversity. 
We also compared trends related to species traits including native and non-native status and life 
form (annual and perennials).  
 
Monthly data for precipitation was analyzed from the Bakersfield weather station (CNRFC 
2022), which is located approximately 60 miles east of the study area. Precipitation has a well-
documented effect on grassland diversity (Harrison et al. 2015) and has been recorded for an 
extended time frame in this region (1889 to present).  
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IV. RESULTS 

Vegetation and Species Data 

CNPS staff ecologists established 45 long-term monitoring (LTM) plots in 2010 across a variety 
of habitat types (Table 1). Plots were re-visited in subsets at approximately 5-year intervals. In 
2015, one new LTM plot was installed within a priority vegetation type (California joint fir, 
Ephedra californica). The new Ephedra californica plot was strategically placed to complement a 
blunt-nosed leopard lizard study on the Elkhorn Plain. In 2021, three LTM plots were abandoned 
due to inaccessibility (road closures) and in 2022, staff established three new plots in equivalent 
habitats (see Figure 1). The three new plots were located at existing Relevé and Rapid 
Assessment survey locations (sampled in 2008/2010) to augment data collection for each site 
beyond the 2022 sampling. 
 
In total, the LTM surveys have documented more than 270 plant taxa within the Carrizo Plain 
National Monument, typically identified to the finest taxonomic level possible (Appendix C). 
Nomenclature follows the Jepson eFlora (Jepson 2022) though generic names were used when 
vascular plant species were not identified to species and for non-vascular taxa (i.e., lichen, 
moss).  
 
The Carrizo Plain National Monument contains a diversity of annual native plants (>200) though 
overall they tend to be low in cover (mean cover 1.2% across all sites all years). Thirty-eight of 
the taxa (14%) identified are considered non-native in California and ten (10) species are 
recognized by the CNPS Inventory of Rare and Endangered Plants of California (Table 2). 
Approximately 200 plant specimens have been collected, pressed, and deposited at the 
University of California at Davis, Center for Plant Diversity (2015) and the Herbarium at the 
University of California at Riverside (2019) (see CCH Portal). The 2019 specimens were 
processed with the assistance of Sandy Leatherman.  
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Table 1. Long-term monitoring plots (49) with Vegetation Alliance and Association names and Sampling Year. Names were classified 
from the original 2010 data. A strike-through indicates plots retired from the original 2010 installation, and an * indicates plots 
established after 2010. 
 

Survey ID Alliance Association Year Sampled 

CARR0560 Allenrolfea occidentalis Allenrolfea occidentalis / Lasthenia gracilis 2010, 2015, 2021 

CARR0931 Ambrosia salsola Ambrosia salsola 2010, 2016, 2021 

CARR0838 Ambrosia salsola Ambrosia salsola 2010, 2015, 2021 

CARR0592 Atriplex polycarpa Atriplex polycarpa / Annual Herbaceous 2010, 2016 

A05011340A* Atriplex polycarpa Atriplex polycarpa / Annual Herbaceous 2022 

CARR0844 Atriplex polycarpa Atriplex polycarpa / Annual Herbaceous 2010, 2015, 2020 

CARR0862 Atriplex polycarpa Atriplex polycarpa / Annual Herbaceous 2010, 2016, 2020 

CARR0925 Atriplex spinifera Atriplex spinifera / Annual herb 2010, 2015, 2021 

CARR1126 Atriplex spinifera Atriplex spinifera / Annual herb 2010, 2015, 2020 

CARR0849 Atriplex spinifera Atriplex spinifera / Annual herb 2010, 2016, 2020 

CARR0969 Ephedra californica Ephedra californica / Annual – perennial herb 2010, 2015, 2020 

CARR2000* Ephedra californica Ephedra californica / Annual – perennial herb 2015, 2020 

CARR0744 Ericameria linearifolia – Cleome isomeris Cleome isomeris 2010, 2016, 2020 

CARR0752 Ericameria linearifolia – Cleome isomeris Cleome isomeris 2010, 2015, 2020 

CARR0669 Ericameria linearifolia – Cleome isomeris Eastwoodia elegans 2010, 2016, 2020 

CARR0928 Ericameria linearifolia – Cleome isomeris Eastwoodia elegans 2010, 2015, 2020 

CARR0962 Ericameria linearifolia – Cleome isomeris Eastwoodia elegans – Krascheninnikovia lanata 2010, 2015, 2021 

CARR0966 Ericameria linearifolia – Cleome isomeris Ericameria linearifolia 2010, 2015, 2021 

CARR0561 Ericameria linearifolia – Cleome isomeris Ericameria linearifolia 2010, 2016, 2020 

CARR0913 Frankenia salina 
 

2010, 2015, 2021 

CARR0625 Juniperus californica 
 

2010, 2016, 2020 

CARR0612 Juniperus californica Juniperus californica / annual herbaceous 2010, 2015, 2020 

CARR0959 Juniperus californica Juniperus californica / annual herbaceous 2010, 2016, 2020 

CARR0743 Juniperus californica Juniperus californica / Ericameria linearifolia / annual – perennial 
herb 

2010, 2016, 2020 
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Survey ID Alliance Association Year Sampled 

CARR0596 Juniperus californica Juniperus californica / Ericameria linearifolia / annual – perennial 
herb 

2010, 2016 

CARR0610* Juniperus californica Juniperus californica / Ericameria linearifolia / annual – perennial 
herb 

2022 

CARR0755 Juniperus californica Juniperus californica / Ericameria linearifolia / annual – perennial 
herb 

2010, 2015, 2020 

CARR0866 Krascheninnikovia lanata Krascheninnikovia lanata 2010, 2015, 2020 

CARR0520 Lasthenia californica – Plantago erecta – Vulpia 
microstachys 

Erodium cicutarium – Vulpia microstachys 2010, 2016, 2021 

CARR1123 Lasthenia californica – Plantago erecta – Vulpia 
microstachys 

Erodium cicutarium – Vulpia microstachys 2010, 2016, 2021 

CARR0901 Lasthenia californica – Plantago erecta – Vulpia 
microstachys 

Erodium cicutarium – Vulpia microstachys 2010, 2015, 2021 

CARR1131 Lasthenia californica – Plantago erecta – Vulpia 
microstachys 

Erodium cicutarium – Vulpia microstachys 2010, 2016, 2021 

CARR0521 Lasthenia californica – Plantago erecta – Vulpia 
microstachys 

Lasthenia (californica, gracilis) 2010, 2016, 2021 

CARR1125 Lasthenia californica – Plantago erecta – Vulpia 
microstachys 

Lepidium nitidum – Trifolium gracilentum – Vulpia microstachys 2010, 2015, 2021 

CARR0926 Lasthenia fremontii – Distichlis spicata Atriplex vallicola – Lasthenia ferrisiae – Lepidium jaredii 2010, 2016, 2021 

CARR0556 Lasthenia fremontii – Distichlis spicata Atriplex vallicola – Lasthenia ferrisiae – Lepidium jaredii 2010, 2015, 2021 

CARR0508 Lasthenia fremontii – Distichlis spicata Atriplex vallicola – Lasthenia ferrisiae – Lepidium jaredii 2010, 2016, 2021 

CARR0509 Monolopia (lanceolata) – Coreopsis (calliopsidea) Monolopia lanceolata 2010, 2016, 2021 

CARR0516 Poa secunda Monolopia stricta – Poa secunda 2010, 2016, 2021 

CARR0559 Poa secunda Poa secunda – Bromus rubens 2010, 2015, 2021 

CARR0961 Quercus john-tuckeri Quercus john-tuckeri 2010, 2015, 2022 

CARR0873 Quercus john-tuckeri Quercus john-tuckeri – Ericameria linearifolia / Juniperus 
californica 

2010, 2016, 2020 

CARR0646 Quercus john-tuckeri Quercus john-tuckeri – Ericameria linearifolia / Juniperus 
californica 

2010, 2016,2020 
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Survey ID Alliance Association Year Sampled 

CARR0756 Quercus john-tuckeri Quercus john-tuckeri – Ericameria linearifolia / Juniperus 
californica 

2010, 2016, 2020 

CARR0858 Quercus john-tuckeri Quercus john-tuckeri – Ericameria linearifolia / Juniperus 
californica 

2010, 2015, 2020 

CARR0617 Salvia leucophylla Salvia leucophylla 2010, 2015, 2020 

CARR0626 Salvia leucophylla Salvia leucophylla 2010, 2016 

CARR1518A* Salvia leucophylla Salvia leucophylla 2022 

CARR0658 Salvia mellifera Salvia mellifera – Eriogonum fasciculatum / Bromus rubens 2010, 2015, 2020 
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Table 2. Plant species recognized by the CNPS Inventory of Rare and Endangered Plants of 
California are listed with corresponding CA Rare Plant Rank and a count of occurrences across 
all LTM surveys.  

Species Name CA Rare Plant Rank Count 

Androsace elongata ssp. acuta 4.2 5 

Atriplex coronata var. vallicola 1B.2 7 

Delphinium recurvatum 1B.2 5 

Eremalche parryi ssp. kernensis 1B.2 2 

Lasthenia ferrisiae 4.2 8 

Layia heterotricha 1B.1 3 

Layia munzii 1B.2 6 

Lepidium jaredii ssp. jaredii 1B.2 3 

Monolopia congdonii 1B.2 3 

Perideridia pringlei 4.3 3 

 

Vegetation Change Analysis 

 
These analyses focus on 42 monumented plots surveyed 3 times across 10+ years to assess 
change over time for plant species, vegetation patterns and wildlife habitats. Species richness 
varied from a low of two in 2021 to a high of 43 in 2016; on average, tree habitats had the 
highest mean species richness (28) when compared across all surveys to shrub (23) and 
herbaceous types (17). The most species-rich shrub types include Quercus john-tuckeri Alliance 
(30) and Artemisia californica – (Salvia leucophylla) Alliance (28). 
 
A single-factor Anova comparing the 42 LTM plots across 3-time frames (2010, 2015/16, 
2020/21) shows that after 2010, we detected significantly fewer native plant species per plot 
(p=0.024) from an average of 18.9 native species/plot to 14.3 species/plot. The decrease is 
primarily in native annual plants. Non-native species richness did not change significantly at the 
landscape level. We also measured a significant reduction in relative percent cover of native 
versus non-native plants after 10 years (p=0.01) falling from 70.2% native in 2010 to 53.5% in 
2020/21 (Figure 3). 
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Figure 3. Average values for species richness and abundance across three timeframes for 
native and non-native plants surveyed across 42 plots.   

 
To further explore annual changes in richness and abundance by year we further split the plot 
subsets sampled between 2015-16 and 2020-21, see Figure 4. Previous studies have linked an 
increase in mean annual precipitation to increases in species richness especially in arid 
grassland plant communities (Harrison at al. 2015, Cleland et al 2013). The average species 
richness in 2021 was lower than previous years and an overlay of precipitation shows that 2021 
had the lowest rainfall of the set. However, precipitation did not significantly affect the relative 
percent cover of native versus non-native species.  
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Figure 4. Average values for species richness and abundance graphed by across five 
timeframes showing native and non-native plants surveyed in 42 plots from 2010 and then 
subsets of the plots in 2015 (n=23), 2016 (n=23), 2020 (n=23), and 2021 (n=20) with an overlay 
of total precipitation reported in inches for each water year (Oct – Sept).   

There was no significant trend in the Shannon-Weiner index of community diversity over time, 
which weights species by their relative abundance. There was also no significant difference 
between years in the richness or abundance of annual versus perennial species when averaged 
across the 42 revisited plots, though some plots had large swings between years in cover of 
these life forms. A striking mortality or die-back of mature shrubs was noted in 2015/16 within 
surveys of narrowleaf goldenbush (Ericameria linearifolia), purple sage (Salvia leucophylla), and 
black sage (S. mellifera). Other shrubs exhibiting die-back included coast sagebrush (Artemisia 
californica), California buckwheat (Eriogonum fasciculatum), silk tassel (Garrya flavescens), and 
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winterfat (Krascheninnikovia lanata). Many of the latter shrubs came out of dormancy by 
resprouting and/or rebounded in cover by 2020/21 (Figure 5). 

 

Figure 5. Time series images of a black sage stand (Salvia mellifera) with extensive shrub 
mortality and dormancy in 2015 (middle picture) and then strong recovery of California 
sagebrush (Artemisia californica) by 2020. Black sage had very minimal recovery across the 5-
year period.  
 
At least eight LTM plots now fall within a different vegetation alliance, using the floristic key and 
quantitative rules developed in the 2010 classification and mapping efforts. Four of the alliance 
shifts were due to the mortality of shrubs, shifting to an herbaceous type. Two plots shifted to 
different shrub types based on a shift in dominance. Change was also seen at the association 
level (e.g., Juniperus californicus growing over Ericameria linearifolia, where the Ericameria dies 
back, and the association is now Juniperus californicus / herbaceous). One survey shifted from 
an herbaceous stand to a shrub stand due to an increase in cover of Atriplex polycarpa and at 
least two stands of Atriplex spinifera showed an increase in the cover of shrubs, though these 
are exceptions.  
 
Eleven surveys had significant die-back of woody species (absolute cover was reduced by at 
least one cover class interval, see protocol with cover classes in Appendix A), though the 
surveys did not change at the alliance level. Die-back was noted in stands of Cheesebush 
(Ambrosia salsola), California joint fir (Ephedra californica), Narrowleaf goldenbush – 
bladderpod (Ericameria linearifolia – Isomeris arborea), California juniper (Juniperus californica), 
and Tucker oak (Quercus john-tuckeri). 
 
About 50% of the LTM plots are stable over time (26 out of 49 plots). Both perennial and annual 
herbaceous stands maintained the presence of indicator species over time with some 
fluctuations of richness (higher in some plots, lower in others). Two out of three rare alkali 
wetland plots retained the presence of listed indicator species, Atriplex vallicola (Rare Plant 
Rank 1B.2), Lepidium jaredii (RPR 1B.2) and Lasthenia ferrisiae (RPR 4.2), across the 10 
years, though there was a significant reduction in cover or absence of Lepidium jaredii.  

The 45 original LTM surveys were established to track the most common habitats across 
Carrizo with replicates stratified across different zones of the monument. The 16 habitats listed 
below (Table 3) are currently not monitored in Carrizo, though they only occupy a small 
footprint. Half of these habitats have a rank between S1-S3 and are considered Sensitive 
Natural Communities. A question mark (?) denotes an inexact numeric rank due to insufficient 
samples, but existing information points to this rank. 

http://www.cnps.org/cnps/rareplants/ranking.php
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Table 3. Habitat types mapped in the Carrizo Plain National Monument but not currently 
monitored through long-term surveys. Mapped acres from 2007 and Rarity Rank are reported 
for each habitat as established by the Natural Communities List (CDFW 2022). 
 

Mapped vegetation type  Acres Rank 

Gutierrezia californica 355 S3? 

Arctostaphylos glauca 324 S4 

Lupinus albifrons 49 S5 

Atriplex canescens 35 S4 

Ribes quercetorum 33 S2? 

Quercus douglasii 20 S4 

Populus fremontii 18 S3.2 

Juncus arcticus 16 S4 

Ericameria nauseosa 15 S5 

Mapped vegetation type  Acres Rank 

Prunus fasciculata 12 S4 

Schoenoplectus 
americanus  11 S3.2 

Lycium andersonii 9 S3S4 

Lepidospartum 
squamatum 6 S3 

Salix laevigata 6 S3 

Baccharis salicifolia 2 S4 

Forestiera pubescens 1 S3.2? 

 

V. DISCUSSION 
 
California has recently seen a wide-spread die-off of trees along with other vegetation changes 
that are attributed to increased aridity (Harrison et al. 2015). This report summarizes results 
from repeat visits to 45 long-term monitoring plots established in 2010 at the Carrizo Plain 
National Monument. Sampling across a 10+ year interval reveals that changes are occurring 
within at least half the plots in this region. Many woody species were reduced in cover, with 
coastal sage scrub species showing the most dramatic reduction, likely because these species 
occur at the eastern edge of their range in this area. However, the senescence of shrubs can be 
difficult to quantify, especially in woody species that can lay dormant during dry years and 
resprout with higher precipitation. Future monitoring will inform whether these woody species 
are able to persist and/or reseed to produce new stands. 
 
Grassland and open shrubland types cover the majority of the monument, and they support a 
significant amount of native plant diversity and cover. Analysis of temporal change shows a 
significant decline in the richness of species over time, and this change is driven by a loss of 
annual native species. However, native annual species are adapted to frequent drought by 
remaining dormant in the soil seed bank. Non-native species richness did not increase over time 
and no new exotic species were detected. Precipitation levels were above average in 2010 
when the LTM plots were established and the floral displays across the Carrizo Plain were 
spectacular. Much of the subsequent sampling has occurred in drought years with below 
average precipitation for the region (with the exception of 2020). Future monitoring will assist in 
assessing whether these trends are short-term changes due to successive drought or a longer-
term pattern of decline. 

Other climate variables to examine beyond annual precipitation might include timing of rainfall, 
temperature, humidity, and solar radiation as these may have compounding effects with a 
decline in precipitation. However, richness (a count of species within a survey) does not reveal 
the entire story, as there can be turnover or replacement of species within plots which still retain 
the same richness value. Future analyses could include an in-depth look at species turnover 
including an analysis of species traits such as measures of leaf index to identify potential trends 
towards more drought-tolerant species. A subset of the herbaceous LTM plots in Carrizo have 
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been re-sampled up to seven times though supplementary funding sources to better understand 
temporal changes in grassland vegetation between seasons and between years. The analysis 
of this rich dataset is currently unfunded. 

The stability of vegetation in this region has not been fully documented or defined. Numerous 
rare species and sensitive natural communities occur here, and additional study will allow for 
informed planning in light of an uncertain future. Through this project and other long term 
monitoring in grassland ecosystems of the San Joaquin Valley, we recognize that a threshold of 
precipitation is important for the full expression of annual vegetation types, below which we see 
a significant drop in species richness across all plots. Additional sampling and analysis across 
multiple years could help establish meaningful precipitation thresholds for vegetation of the 
southern San Joaquin region. These thresholds could guide the validity of rare plant surveys 
and/or habitat assessments related to CEQA or other environmental reports. 
 
Long-term monitoring at regular intervals (e.g., every 5 years) provides a quantitative 
assessment of which plant species and habitat types are vulnerable to shifts in climate. These 
shifts could then be modeled across associated wildlife species to understand potential impacts 
on listed animals such as the San Joaquin kit fox, the blunt-nosed leopard lizard, the giant 
kangaroo rat and the San Joaquin antelope squirrel. If additional monitoring plots are 
established in the future, priority could be assigned to habitats that are currently un-sampled 
(Table 3) and/or are in decline such as Salvia spp. There is currently only one LTM placed in the 
Salvia mellifera Alliance, though this type was only mapped at 37 acres (2007 imagery). Purple 
sage (Salvia leucophylla) has also been in decline and 931 acres were mapped in the 2007 
map. 
 
This project builds upon a baseline of surveys across the region and provides an initial 
assessment of long-term monitoring, which will be helpful in future management of natural 
resources. Establishing and monitoring vegetation in this region is a part of a larger state-wide 
climate change monitoring effort, and the CNPS approach and protocols are applicable to 
inform other long-term monitoring projects including BLM’s standardized Assessment, Inventory 
and Monitoring (AIM) methods (Herrick et al 2005).
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VII. APPENDICES  
 

Appendix A. CNPS Field Sampling Protocol and Field Forms  
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Appendix B. CNPS Long-Term Monitoring Protocol and Field Forms 

CALIFORNIA NATIVE PLANT SOCIETY 
PROTOCOL FOR LONG-TERM MONITORING PLOTS 

(April 20, 2010) 
 
This protocol describes the methodology for vegetation sampling techniques in long-term monitoring 
plots. This document is a supplement to the most current relevé protocol which can be found at 
www.cnps.org.  

 
A “permanently” marked plot will be established at each long-term monitoring location. The plot will 
consist of one 400 m2 main plot with 1 nested 100 m2 subplot and 8 nested 1 m2 subplots arranged in an 
overall 20 m by 20 m nested plot design (see figure below). Transect tapes will delineate the larger plots 
and a 1 m2 PVC frame will be used to survey each smaller subplot. Plots will be marked by pounding in 8 
or 12 inch nails with washers at each plot corner, in addition to GPS coordinates. The tops of each nail 
and washer will be spray-painted orange for future relocation. An accurate GPS device and a metal 
detector should be used for future monitoring to help relocate plots. 

 
At each plot and sub-plot level, the following categories of ocular percent cover will be estimated:  relative 
cover of all vascular vegetation, and absolute cover of non-vascular plants. Plant species composition 
and absolute percent cover will be collected in both the 100 and 400 m2 plots. The 400 m2 plot will include 
a count of the number of visibly active giant kangaroo rat precincts as well as photos from each corner 
facing diagonally into the plot. A standard CNPS relevé will be surveyed at the 100m2 sub-plot for 
herbaceous stands and at the 400 m2 plot for shrublands. Plant species composition (richness) will be 
determined in the 8 nested 1 m2 subplots at each survey location, as well as a notation if the plot falls 
within a clipped or disturbed portion of a giant kangaroo rat precinct.  
 
For the initial sampling, a soil sample (2 cups) will be taken from the SW corner of the 400m2 plot (from 
the first 4 inches of soil) and stored in a bag labeled with the plot ID and date. All data collected at each 
survey location will be considered as baseline, future sampling will allow the detection of changes in 
species composition and structure over time. 
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CNPS Monitoring Field Form (April 21, 2010)

Plot ID: Date:

Camera Name: Photo # at corner: SW _____ NW _____ NE _____ SE _____

Surveyor Name: 400m2 (%) 100m2 (%) 1m2 1m2 1m2 1m2 1m2 1m2 1m2 1m2

Quad ID n/a n/a

Tree cover (%)

Shrub cover (%)

Graminoid cover (%)

Forb cover (%)

Non-vascular (%)

K-rat precinct? # n/a

Amsinckia _______________

Atriplex _______________

Atriplex _______________

Avena __________

Bromus diandrus

Bromus hordeaceus

Bromus madritensis ssp. rubens

Camissonia __________

Castilleja _________

Caulanthus ________

Clarkia ________

Claytonia perfoliata

Coreopsis ___________

Crassula connata

Cryptantha _________

Delphinium ______________

Dichelostemma capitatum

Distichlis spicata

Eremocarpus setigerus

Ericameria linearifolia

Eriogonum fasciculatum

Erodium botrys

Erodium brachycarpum

Erodium _________________

Eschscholzia ___________

Filago ___________

Gilia ________

Guillenia ________

Gutierrezia californica

Hemizonia_______

Holocarpha  ___________________

Hordeum marinum 

Hordeum murinum

Lasthenia __________________

Layia ___________________

Lepidium dictyotum

Lepidium nitidum

Linanthus _________

Lolium multiflorum

Lomatium ________

Lotus ____________________

Lupinus _________

Microseris __________________

Monolopia __________________

Nasella ________

Pectocarya __________________

Phacelia __________________

Plagiobothrys _________________

Plantago ___________________

Poa ________________

Schismus _________

Senecio vulgaris

Spergularia _____________

Trifolium ___________

Trifolium ___________

Vulpia bromoides

Vulpia microstachys

Vulpia myuros
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CNPS Monitoring Field Form (April 21, 2010)

Plot ID: Date:

Camera Name: Photo # at corner: SW _____ NW _____ NE _____ SE _____

Surveyor Name: 400m2 (%) 100m2 (%) 1m2 1m2 1m2 1m2 1m2 1m2 1m2 1m2

Quad ID n/a n/a
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Appendix C. List of species identified in Carrizo Plain NM during LTM 
Surveys 

*denotes non-native species 

Achyrachaena mollis 

Allenrolfea occidentalis 

Allium howellii 

Allium peninsulare 

Ambrosia salsola 

Amsinckia intermedia 

Amsinckia menziesii 

Amsinckia tessellata 

Amsinckia tessellata var. tessellata 

Amsinckia vernicosa 

Anagallis arvensis* 

Ancistrocarphus filagineus 

Androsace elongata ssp. acuta 

Anthriscus caucalis* 

Apiastrum angustifolium 

Artemisia californica 

Astragalus didymocarpus 

Astragalus lentiginosus 

Astragalus lentiginosus var. nigricalycis 

Astragalus oxyphysus 

Athysanus pusillus 

Atriplex lentiformis 

Atriplex polycarpa 

Atriplex rosea* 

Atriplex spinifera 

Atriplex coronata var. vallicola 

Avena barbata* 

Avena fatua* 

Bloomeria crocea 

Bowlesia incana 

Bromus arenarius* 

Bromus arizonicus 

Bromus diandrus* 

Bromus hordeaceus* 

Bromus madritensis* 

Bromus rubens* 

Bromus tectorum* 

Bromus trinii* 

Calandrinia ciliata 

Calochortus argillosus 

Calochortus clavatus 

Calochortus clavatus ssp. pallidus 

Calochortus venustus 

Calyptridium monandrum 

Camissonia boothii 

Camissonia campestris 

Camissonia campestris ssp. campestris 

Camissonia contorta 

Capsella bursa-pastoris* 

Castilleja exserta 

Caulanthus inflatus 

Centaurea melitensis* 

Chaenactis fremontii 

Chaenactis glabriuscula 

Chamomilla occidentalis 

Chenopodium album* 

Chenopodium californicum 

Chorizanthe coriacea 

Chorizanthe uniaristata 

Chorizanthe xanti 

Chorizanthe xanti var. xanti 

Clarkia cylindrica 

Clarkia cylindrica ssp. cylindrica 

Clarkia unguiculata 

Claytonia parviflora 

Claytonia parviflora ssp. parviflora 

Claytonia parviflora ssp. viridis 

Claytonia perfoliata 

Collinsia heterophylla 

Cordylanthus rigidus ssp. rigidus 

Coreopsis bigelovii 

Coreopsis calliopsidea 

Cotula coronopifolia* 

Crassula connata 

Croton setigerus 

Cryptantha circumscissa 

Cryptantha decipiens 

Cryptantha intermedia var. intermedia 

Cryptantha nemaclada 

Cryptantha nevadensis 

Cryptantha nevadensis var. rigida 

Cryptantha pterocarya 
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Cuscuta californica 

Daucus pusillus 

Deinandra pallida 

Delphinium gypsophilum 

Delphinium parryi 

Delphinium recurvatum 

Deschampsia danthonioides 

Descurainia pinnata 

Descurainia sophia* 

Dichelostemma capitatum 

Distichlis spicata 

Draba verna 

Eastwoodia elegans 

Elymus elymoides 

Elymus multisetus 

Emmenanthe penduliflora 

Ephedra californica 

Ephedra nevadensis 

Ephedra viridis 

Eremalche parryi ssp. kernensis 

Eremalche parryi ssp. parryi 

Eriastrum pluriflorum 

Ericameria linearifolia 

Eriogonum angulosum 

Eriogonum cithariforme 

Eriogonum fasciculatum 

Eriogonum gracillimum 

Eriogonum maculatum 

Eriogonum viridescens 

Eriophyllum confertiflorum 

Eriophyllum multicaule 

Eriophyllum pringlei 

Erodium cicutarium* 

Erodium moschatum* 

Erysimum capitatum 

Eschscholzia caespitosa 

Eschscholzia lemmonii 

Euphorbia polycarpa 

Filago californica 

Frankenia salina 

Fritillaria 

Galium aparine 

Garrya flavescens 

Gilia australis 

Gilia austro-occidentalis 

Gilia minor 

Gilia tricolor 

Grayia spinosa 

Guillenia lasiophylla 

Guillenia lemmonii 

Gutierrezia californica 

Herniaria hirsuta ssp. cinerea* 

Heterodraba unilateralis 

Hollisteria lanata 

Hordeum depressum 

Hordeum marinum* 

Hordeum murinum* 

Hutchinsia procumbens* 

Isocoma acradenia 

Isomeris arborea 

Juniperus californica 

Juniperus californica 

Juniperus californica 

Krascheninnikovia lanata 

Lactuca serriola* 

Lasthenia debilis 

Lasthenia ferrisiae 

Lasthenia gracilis 

Lasthenia microglossa 

Lasthenia minor 

Layia heterotricha 

Layia munzii 

Layia pentachaeta ssp. albida 

Layia platyglossa 

Lepidium dictyotum 

Lepidium dictyotum var. acutidens 

Lepidium jaredii 

Lepidium nitidum 

Leptosiphon aureus ssp. decorus 

Lessingia 

Linanthus bicolor 

Linanthus dichotomus 

Linanthus liniflorus 

Linanthus parviflorus 

Lithophragma cymbalaria 

Lomatium utriculatum 

Lotus (Acmispon) wrangelianus  

Lupinus albifrons 

Lupinus bicolor 

Lupinus microcarpus 

Lupinus nanus 

Lycium andersonii 

Malacothrix coulteri 

Marah fabaceus 
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Matricaria discoidea 

Melica californica 

Mentzelia albicaulis 

Mentzelia pectinata 

Micropus californicus 

Microseris campestris 

Microseris douglasii 

Microseris douglasii ssp. douglasii 

Microseris elegans 

Minuartia douglasii 

Mirabilis laevis 

Monolepis nuttalliana 

Monolopia congdonii 

Monolopia lanceolata 

Monolopia stricta 

Mucronea perfoliata 

Muilla maritima 

Navarretia jaredii 

Navarretia mitracarpa 

Nemophila heterophylla 

Nemophila menziesii 

Nemophila pedunculata 

Pectocarya heterocarpa 

Pectocarya linearis 

Pectocarya penicillata 

Pectocarya pusilla 

Pectocarya recurvata 

Pectocarya setosa 

Perideridia pringlei 

Phacelia cicutaria 

Phacelia ciliata 

Phacelia distans 

Phacelia douglasii 

Phacelia fremontii 

Phacelia tanacetifolia 

Phlox gracilis 

Pholistoma membranaceum 

Phoradendron densum 

Phoradendron villosum 

Plagiobothrys canescens 

Plantago elongata 

Plantago erecta 

Plantago ovata 

Platystemon californicus 

Poa annua* 

Poa bulbosa* 

Poa secunda 

Psilocarphus 

Psilocarphus tenellus 

Pterostegia drymarioides 

Quercus ×alvordiana 

Quercus john-tuckeri 

Rafinesquia californica 

Salsola tragus* 

Salvia columbariae 

Salvia leucophylla 

Salvia mellifera 

Sambucus mexicana 

Schismus arabicus* 

Schismus barbatus* 

Senecio breweri 

Senecio vulgaris* 

Sisymbrium altissimum* 

Sisymbrium irio* 

Sisymbrium orientale* 

Sonchus oleraceus* 

Spergularia atrosperma 

Spergularia marina 

Stellaria nitens 

Stephanomeria 

Stephanomeria exigua 

Stephanomeria pauciflora 

Stephanomeria virgata 

Stylomecon heterophylla 

Suaeda moquinii 

Thysanocarpus 

Thysanocarpus curvipes 

Thysanocarpus laciniatus 

Torilis arvensis* 

Trichostema lanceolatum 

Trifolium albopurpureum 

Trifolium depauperatum 

Trifolium depauperatum var. depauperatum 

Trifolium gracilentum 

Trifolium willdenovii 

Tropidocarpum gracile 

Uropappus lindleyi 

Urtica dioica 

Urtica urens* 

Vulpia bromoides* 

Vulpia microstachys 

Vulpia myuros* 
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