Dendrochronology of Ceanothus verrucosus at Cabrillo National Monument
Ellis Margolis - University of Arizona, Laboratory of Tree-Ring Research
Andrew Smith – San Diego State University  
Abstract
We successfully crossdated the annual growth rings of 32 samples from 17 C. verrucosus (CEVE) individuals.  CEVE growth rings included intra-annual growth bands, “false rings”, and missing rings.  Visual comparison and statistical correlation analyses indicated crossdating of annual growth ring patterns within and among plants, as well as crossdating with tree-ring chronologies from Pinus torreyana (Torrey Pine) from coastal southern California and P. monophylla (pinon pine) from northern Baja California, Mexico.  Crossdating enabled us to date the exact years of growth of the previously collected dead samples and live plants.  One living CEVE was at least 116 years old, older than previous estimates. Most of the plants established between 1894 and 1905, which pre-date previously assumed CEVE establishment dates.  The earliest inner ring date was from a dead stem (1873).  Most of the dead plants likely died in the late 1940’s through the early 1960’s.  The strong common variability of ring widths among plants indicates the potential for climate-growth analyses, which can identify climate variables important for growth.  There was moderate correlation of measured stem radii and stem age, within and among plants (r = 0.56), but average diameters of the full stem correlated poorly with crossdated stem age (r = 0.19).  Non-concentric, lobate growth and topographically driven variability among site conditions and growth rates were the major challenges for estimating plant age from stem measurements.  Increased sample size and stratification by site condition would likely increase accuracy of size-age estimates.
Introduction
At the southern tip of Point Loma in San Diego, California, the boundaries of Cabrillo National Monument (CABR) encompass an isolated landscape comprised of two plant communities that are characteristic to the region, coastal sage scrub (CSS) and maritime chaparral. This landscape represents an assemblage of plant species that is rare to observe on this spatial scale (160 acres) on the coast of southern California. The monitoring and management practices of the National Park Service are vital to the preservation of the plant species that coexist at CABR. However, wild fire is a crucial environmental factor that many of these species have evolved to rely upon for the continued success of their populations (Keeley and Fotheringham, 2003). Due to its geographic location, CABR is completely isolated from the natural fire regimes that have historically occurred in the region, and prescribed burns are not permitted. Numerous studies have shown that plant communities that have not had the time to fully re-establish and reproduce since the last fire event are at a high risk of being extirpated if burned again too soon (Keeley and Fotheringham, 2003; Franklin et al., 2005). Conversely, there is little data concerning local plant population response to fire events that occur too infrequently, but research has shown that extremely long fire return intervals can be a threat to population persistence (Zedler 1995). Consequently, one of the dominant plant species at CABR, Ceanothus verrucosus, may be at risk of local extinction.

Ceanothus verrucosus (Nutt.) is a rare plant species that is endemic to the maritime chaparral areas of northern Baja California, Mexico and southern California (Lawson et al. 2010). The California Native Plant Society classifies its state rank as “imperiled” and “threatened” (list S2.2), and its global rank as “vulnerable” (list G3) (CNPS 2013). Model projections of C. verrucosus (CEVE) populations under various imposed conditions (future urban development, different fire return intervals, and two different climate change projection models) have been established (Lawson et al. 2010). Habitat fragmentation and altered fire regimes have significant negative effects on the coastal populations of CEVE, especially when the two threats are combined (Lawson et al. 2010). However, the fate of CEVE populations within the boundaries of isolated coastal reserves, where natural fire occurrence may be impossible, has never been explicitly analyzed. The exact locations and a complete demography of the numerous stands within these specific populations have not been recorded, and future population dynamics in the total absence of fire have not yet been projected.  Annually precise and accurate CEVE ages and years of plant establishment would improve initial population projection models that incorporated ring-counted estimates of CEVE age and assumed establishment years coinciding with an unconfirmed 1912 fire from historical documents (Lawson et al. 2010).
Populations of CEVE are presumed to consist of even-aged cohorts, with the age of the population coinciding with the time since the last occurrence of fire (Lawson et al. 2010). The maximum possible life span of CEVE individuals is unknown, although it has been documented to exceed 95 years (Lawson 2008). Preliminary data for approximately 80% of the populations of CEVE at CABR have been collected and have undergone a cursory analysis. Four life stage categories (very young, young, intermediate, and mature) were established. Each individual plant, or stand of even-aged individuals was assigned a preliminary life stage based on the diameter of the main stem at ~10 cm above ground level. Life stages were assessed using a total life span parameter of 100 years, and each life stage relates to a correlation between a range of stem diameters and an estimated range of growth years. This census protocol is useful for estimating relative life stages among the various stands within CABR, but a more accurate and reliable protocol is necessary in order to produce population projection models with a high degree of confidence.
Dendrochronology, the study of annual growth rings, has been instrumental for documenting ages of a variety of wood plants, understanding climate variability, and quantifying species-specific climate growth responses (Schulman, 1958; Fritts, 1976; Cook et al., 2004). Ring counts of California chaparral species (including Ceanothus spp.) have been used to study fire regimes, but crossdating techniques to ensure accurate dating were not used (Keeley, 1993).  Existing growth ring research on CEVE was ancillary and includes ring-counts of dead plants that have questionable accuracy and assumptions (Lawson 2011).  Using standard dendrochronology techniques, we will test whether CEVE has consistently annual growth rings.  If so, this would enable us to establish absolute shrub ages and then refining the calibration of life stages to within a smaller range of years by identifying a more accurate relationship between growth years and stem diameter.  This could provide a better understanding of the current age distribution of the CEVE populations at CABR. We will also be able to make a more accurate assessment of the upper bounds of the life span of the species. Accurate life stage data will not only allow us to produce better population projection models, but also has the potential to help us understand the temporal scale within which we must work to examine and implement possible management strategies that may help promote the persistence of the species.  Additionally, measurements of annual ring growth are the basis for understanding CEVE climate-growth response and assessing trends in CEVE growth.  This is particularly important for understanding the future response of CEVE and coastal chaparral ecosystems to a changing climate.

Research Questions
The goal of this research was to determine if CEVE consistently forms identifiable annual growth rings that can be used to determine plant age.  Verification of annual ring formation would provide the potential for a multitude of additional dendroecological and dendroclimatological analyses.  Our specific research questions included:  (1) Does the variability in CEVE ring width crossdate within a single plant (i.e., is there correlation between multiple measured ring width series from a single plant)?  (2) Does the variability in CEVE ring width crossdate between individual plants (i.e., is there correlation between mean ring width series from multiple plants within a site)? (3) Does the inter-annual variability in CEVE ring width crossdate with nearby Torrey Pine (Pinus torreyana) and Pinon pine (Pinus monophylla) tree-ring width, and (4) Does the age of CEVE correlate with stem diameter?
Research Design & Methodology 
Samples and lab methods
In 2007, multiple samples from dead standing CEVE were cut as part of a study to evaluate the longevity and viability of the fire-dependent species using a dynamical population model (Lawson et al., 2010). Lawson et al. (2010) ring-counted the stem sections to estimate age and the inner ring year was assigned to a possible fire initiation date (1912) to estimate the year of death.  Working with Cabrillo National Monument, we obtained samples from 11 of the dead CEVE analyzed by Lawson et al. (2010) that contained the most rings.  Initial analysis of the dead samples indicated common ring patterns, but uncertainty about the annual nature of the rings or the year of ring formation.  The uncertainty was due to micro, false and missing rings, and semi-ring porous structure with sometimes very thin terminal parenchyma.  In an attempt to resolve the dating of the dead CEVE we collected additional samples from branches and secondary stems of five live CEVE (May 22, 2015 to 6/12/2015).  CEVE often has layered growth, where a branch that is touching the ground will produce roots and grow a secondary stem.  Live material allowed us to anchor our dating to the known last completed year of growth (2014), which turned out to be crucial for verification of annual ring formation and providing insights into CEVE phenology.
All samples were prepared according to standard dendrochronological procedures (Stokes and Smiley, 1968).  Samples were (1) cut with a bandsaw to create a flat cross-sectional surface, (2) glued to backing board if in multiple pieces, and (3) sanded with progressively finer sand paper (to 15 micron grit) to reveal the cellular structure of the growth rings  (Figure 1, Appendix A) (Fig. #).  Previous identification codes from prior analyses were recorded, and all samples were re-labeled with a new code (CEA) and continuous numbers (Table 1).
Analysis
Full ring width was measured on a minimum of two radii per sample. The tree-ring program COFECHA (Holmes 1983) was used to determine if there was statistically significant correlation in ring width variability within and among individual plants.  After crossdating was verified, ring width patterns were compared to the nearest existing tree ring chronologies (1) Pinus torreyana from Torrey Pine State Park ((Biondi et al., 1997) and Pinus monophylla  from northern Baja California, Mexico (G. Gutierrez, unpublished data).  This provided confirmation of the actual calendar years assigned to the growth rings, since patterns of intra-annual ring variability (i.e., false rings) can crossdate (Meko and Baisan, 2001), but may confound the assignment of a ring to a calendar year.  Additionally, cool season precipitation (prior October – current April), derived from daily climate records at the San Diego (airport?), was used to further confirm the dating (1939 - 2014).  Cool season precipitation has been shown to have a good relationship to tree-ring variability along the Pacific coast (Torrey pine? – meko’s Martir paper).  The climate data also proved to be valuable for assessing CEVE growth response to rare growing season (May – September) precipitation events. 	Comment by ellisqm: Add in a larger scale map to show these chronologies
All measured ring width series were combined into a site tree ring index chronology using standard procedures and the program ARSTAN ( ).  Individual series were first detrended with a cubic smoothing spline with 50% response at 75% of the series length, with the goal of removing non-climatic growth trees (e.g., age-related).  The series were combined with a bi-weight robust mean to minimize the effects of outliers.  The final CEVE chronology was compared against the nearby Torrey Pine chronology and a Pinus monophylla (single need pinon pine) chronology from Northern Baja California with pearson correlation coefficients.
After the multi-step verification of annual ring growth and ring width measurement verification, inner and outter growth ring years were assigned to all plants.  The age of the samples at the height of the sample was calculated and then compared to multiple measures of stem size to assess size-age relationships.  The different measures of stem size included: (1) measured radius – the length of the radius along which tree-ring widths were measured, (2) external diameter along the long axis of the stem, (3) external short axis diameter, and (4) an average of the short and long axis diameters.  The multiple size measurements were used because of the lobate and strip-growth form of CEVE, which results in highly uneven growth around the stem (e.g., Fig 1).  Thus the non-circular cross-section of the growing stem poses challenges for extrapolation of circumference and diameter measurements to stem age.
Results
We prepared and analyzed 59 samples from 17 C. verrucosus individuals, including samples from 12 previously collected dead plants with unknown ages or death dates and five live plants sampled in May and June 2015.  Growth ring boundaries were thin and in some cases very diffuse, micro rings one or two cells wide were present, in addition to absent rings (e.g., Figure 2).  We successfully crossdated the annual growth rings of 32 samples from 17 C. verrucosus individuals.  All but one of the samples that were not measured were from small secondary stems containing less than 15 rings dating to recent decades that were replicated by other samples.  One of the remnant samples (CEA 5A) was collected below root crown, thereby distorting the growth rings, and could not be accurately measured.  	Comment by ellisqm: Need better images of false, micro, and absent rings
Fifty year correlations among ring widths of all samples were high, ranging from 0.74 to 0.84 (1890 – 2014; Table 1).  Correlations between 50-year segments of ring widths of individual samples and the average of all other samples ranged from 0.45 to 0.93 (Table 1).  Correlations were highly significant between the CEVE chronology and the Torrey pine (r =0.69, p < 0.001, 1890 - 1994) and the Baja pinon pine (r = 0.51, p < 0.01, 1890 - 2014).
Plant ages ranged from 34 to 116 years, with a mean age of 72 years (Table 2, Fig #).  The plant with the most annual rings was living (CEA18).  Plant inner ring dates from Point Loma ranged from 1873 to 1937, with most plants dating to circa 1900 (Table 2, Fig#).  The plant with the most recent pith date was from Miramar (1946, CEA16).  Comparisons of crossdated CEVE age with previous ring counted age estimates had an average difference of 9 years, ranging from a 19 year overestimate to a 27 year underestimate (n = 10, Table D1).  Comparisons of crossdated CEVE death dates with previous ring counted death dates (that assumed a 1912 post-fire establishment date) had an average difference of 27 years (n = 5, Table D1).	Comment by ellisqm: Until Keith and Drew cut it down!!! Ha
	Daily precipitation records from San Diego proved to be valuable for confirming CEVE crossdating.  Multiple potential false rings were verified through comparison with the precipitation data.  For example, two false rings in the year 1977 were validated by their correspondence with two growing season precipitation events in May and August of 1977 (Fig. #).  An additional false ring in 1976 also corresponded to a growing season precipitation event in September 1976 (Fig #).	Comment by ellisqm: Need photos of wood
Discussion
Dendrochronology of CEVE
	The growth rings of CEVE were very challenging to analyze.  Dead samples could not originally be dated to the callendar year due false and micro rings and very thin terminal parenchyma indicating ring boundaries.  The live samples were key to building the CEVE chronology and dating the dead samples.  However, the live shrubs were missing rings (e.g., 2002), which complicated their crossdating.  The occurrence of missing and false ring in CEVE contradicts past findings from “indirect techniques” on chapparal growth rings that concluded they not producing “extra” false rings and are not missing rings (Keeley, 1993).  It is possible that our results are the first example of statistical crossdating in Ceanothus or California chapparal shrub species.  Ring counts of the same samples by Lawson (2011) were highly variable for a single sample among different analysts and ultimtately provided estimated shrub ages that were incorrect by an average of 9 years.  The assumption that CEVE at CABR regenerated after a 1912 fire were false and lead to previous estimates of CEVE death dates to be incorrect by an average of 27 years.  Using dendrochronology to refine CEVE age, establishment and death dates will greatly improve CEVE population models. 
Size-age relationships
	We found weak relationships between stem size measurements and stem age.  Weak relationships between stem size and age were also found in Ceanothus cuneatus rigidus from near Monterrey Bay, California (Coale et al., 2011).  The causes of a poor size-age relationship in CEVE are likely have three causes: (1) variability in site conditions that result in different growth rate among the CEVE samples on Point Loma, (2) non-circular, lobate, strip-bark growth form (Fig #), and (3) low sample size.  The lobate growth makes it challenging to determine which radius of the plant is actually growing.  Diameter measurements of the long axis corresponded better with age, because the long axis likely includes the radius that is growing.  The strongest relationship was with the measured radius, derived from the cross-section.  These measurements can not be made in the field.  Even so, the variability in growth rates among plants from different sites around Point Loma resulted in a relatively low size –age correlation (r = 0.56).  We only had samples from 17 plants, separate size-age relationships could not be produced for different site conditions.  Ideally, this sort of sub-divisions of Poin Loma (by aspect or moisture variables) would likely improve the size-age models.  There may be additional samples of dead CEVE previously analyzed by Lawson et al. (2010) that could enable the development of better size-age models. 
Fire
[bookmark: _GoBack]The lack of CEVE that regeneration within the last century suggest that fire has been absent from Point Loma for at least that long.  Our data does not support the presence of a 1912 fire recorded by historical documents that was assumed to have regenerated CEVE (Lawson 2011).  The cluster of inner ring dates near 1900 suggest that if they are indeed post-fire regeneration, then the last fire could have occurred in the 1890’s.  Multiple pith dates occurred in 1894 and 1895, indicating a possible recruitment event.  The oldest sample (CEA9 – near-pith date of 1873) was located in the southern end of the penninusula, and therefore may have been protected from fire.  
Increased sample size and better spatial distribution would provide better evidence of the spatial patterns of historic regeneration patterns and potentially historical fires.  Reliable historical documentation of fire dates and spatial locations on Point Loma would be helpful to compare with the crossdated inner-ring dates of the live and dead CEVE samples.  Initial assumptions regarding the date of the last fire that regenerated the samlped CEVE on Point Loma (1912 – Lawson 2010) turned out to be incorrect.
Climate sensitivity
The surprising corroboration between CEVE false ring formation and rare growing season precipitation events was interesting and insightful.  Based on this correspondence between the climate data and the tree-ring response, we hypothesize the following phenology for CEVE: (1) cambial activity in CEVE begins in late spring/early summer as temperatures warm, days lengthen and cool season moisture stored in the soils is available, (2) the duration of cambial activity, and the ring width, is primarily a function of soil moisture derived from winter and late spring precipitation, (3) cambial activity declines with soil moisture into the summer and ceases once moisture drops below a certain threshold, (4) the summer-dry Mediterranean climate rarely replenishes soil moisture is in the summer, but on the rare occasion of a summer precipitation event, CEVE can re-activate cambial activity and begin growth.  This produces a false ring: slowed growth leading to dormancy or near-dormancy and small, thin-walled dark cells, followed by resumed growth within the same year.  The 1977 example with two false rings suggests that cambial growth can re-activate multiple time within a growing season (Fig. #).  This specific growth response to multiple precipitation events in a single year has not been documented before in tree-rings, non-the-less in a long-lived shrub.  This proposed mechanism of false ring formation is similar to conifers living within the bimodal precipitation region of the Southwest U.S. (Arizona and New Mexico).  In this case, the cambial growth begins in early summer, sustained by moisture from the prior cool-season and then a false ring is often formed in the consistently warm, dry month of June, prior to the onset of the North American Monsoon in July, which re-activates cambial activity (Meko and Baisan, 2001; Griffin et al., 2013).  Interestingly, due to the rare early summer El- Nino related hurricane activity in the Pacific Ocean, coastal southern California had multiple growing season rain events in 2015.  We hypothesize that these events should be recorded by CEVE as a rare false ring.
Miramar sample
Plant CEA 16 (Alternate ID sp100, “Miramar”) had the most distinct growth ring boundaries.  It was relatively young and contained intact sapwood and the outer-most growth rings (i.e., a bark ring).  This indicates that the outer-most growth ring was the year the sample died (2003).  The sample also contained char on the bark, indicating that it likely died in a fire.  2003 was a big fire year in the area, which is independent evidence corrobarating the dating.  It crossdates with both the Torrey pine chronology and the Point Loma samples.  It was the youngest plant (1946 pith year), compared to the inner rings of the Point Loma samples that dated near 1900.  The young age of the Miramar plant suggests that something triggered regeneration at Miramar, possible a fire, whereas there is little evidence from the dated samples at Point Loma of regeneration for > 100 years.
Future research
There is exciting potential to learn more about how CEVE responds to climate variability.  Although we have begun to uncover some relationships between CEVE cambial growth and climate, the successful crossdating opens up more opportunities to develop specific relationships between monthly climate variables (precipitation and temperature) and CEVE growth.  This would be a fruitful line of future research that could provide valuable information for forecasting the future response of CEVE to climate change.
The response of CEVE to the warm-season precipitation events provided some clues about the plant phenology.  Additional studies to track CEVE phenology could involve pin-pricking of the stems at multiple time intervals on living individuals to mark the timing of cambial growth and dormancy throughout the year could also be considered.  This could be done with branches to reduce effects on the individuals , and then the whole section (pin & all) would be collected and analyzed.  
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Table 1.  Moving window (50-year) correlation statistics indicating similar ring width variability within and among all CEVE individuals (1890 – 2014).
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Table 2.  Summary dating table for 17 crossdated live and dead CEVE.
	TreeID
	Inner year
	Type
	Outter year
	Type
	Plant age
	Status

	CEA10
	1895
	pith
	1954
	Inc.
	59
	dead

	CEA13
	1895
	pith
	1945
	bark
	50
	dead

	CEA14
	1907
	Inc.
	1941
	Inc.
	34
	dead

	CEA15
	1894
	pith
	1938
	Inc.
	44
	dead

	CEA16
	1946
	pith
	2003
	bark
	57
	dead

	CEA17
	1901
	pith
	2014
	bark
	113
	live

	CEA18
	1898
	pith
	2014
	bark
	116
	live

	CEA19
	1905
	pith
	2014
	bark
	109
	live

	CEA1
	1884
	Inc.
	1958
	Inc.
	74
	dead

	CEA20
	1937
	pith
	2015
	bark
	78
	live

	CEA21
	1899
	pith
	2014
	bark
	115
	live

	CEA2
	1902
	Inc.
	1992
	Inc.
	90
	dead

	CEA3
	1896
	pith
	1941
	bark
	45
	dead

	CEA4
	1897
	pith
	1951
	Inc.
	54
	dead

	CEA5
	1894
	pith
	1940
	Inc.
	46
	dead

	CEA7
	1902
	pith
	1963
	bark
	61
	dead

	CEA9
	1873
	Inc.
	1954
	Inc.
	81
	dead


  

[image: V:\Ceanothus2014\map images\Ceanothus9_17_sml.tif]
Figure #.  Map of all CEVE samples from Point Loma in southern California.  Plant CEA16 was from Miramar and not on map.  Coordinates were not available from CEA14 and CEA15.
[image: C:\ellis\research\Ceanothus2014\map images\CEA_innerdate.tif]
Figure #.  Map of all CEVE sample inner ring dates from Point Loma in southern California.  Plant CEA16 was from Miramar and not on map.  Coordinates were not available from CEA14 and CEA15.Most inner ring dates are from pith or near-pith rings, and are therefore a close to plant establishment dates.
[image: C:\ellis\research\Ceanothus2014\data\Measurments\figs\age.plot.tiff]

9/20/2015	Draft Final Report	
Figure #.  Inner and outer ring dates of measured CEVE samples.  Note that there are multiple samples for a single plant.  See Figures # and #, for plant-level age structure.
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Figure #.  Uncut (left) and mounted (right) growth ring samples from two C. Verrucosus individuals.	Comment by ellisqm: Have eze make the cool no background photos – scan at min 300 dpi and make into tiff?
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Figure #.  Lobate form and diffuse and variable growth ring boundaries of C. Verrucosus.	Comment by ellisqm: Get a better scan or photo through microscope of growth ring variability – ideally including micro (2002) or false rings (1977)
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Figure #.  The CEA16 “Miramar” sample contained intact sapwood and a bark ring (light colored wood near outside).  This indicates that the outter ring was a death date (late summer 2003), which corresponds to a known local fire year.  Although this sample was not from Point Loma it has a similar pattern of interannual ring-width variability (i.e., crossdates with the Point Loma CEVE).
[image: C:\ellis\research\Ceanothus2014\data\R\figs\ceve.age.hist.tiff]
Figure #.  Crossdated ages of live and dead CEVE (n = 17 total plants).  All plants are from Point Loma, except one from Miramar. 
[image: C:\ellis\research\Ceanothus2014\data\R\figs\ceve.inner.ring.hist.tiff]
Figure #.  Crossdated inner ring dates of live and dead CEVE (n = 17 total plants).  All dates are from pith or near pith, indicating that they are near the germination dates.  All plants are from Point Loma, except one from Miramar. 
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Figure #.  Daily precipitation (mm) at the San Diego airport (1939 – 2015).  The winter-dominated precipitation regime is by the single annual peak.  Very low cool-season precipitation totals are indicated prior to the growing seasons of 1984 and 2002.  Both years are consistently small rings in CEVE. Abnormal growing season (May – September) precipitation occurred in 1976 and 1977, which was accurately recorded by CEVE as false intra-annual growth bands.
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Figure #. Daily precipitation (mm) at San Diego airport (9/1/1973 – 8/31/1978).  The 1977 ring in CEVE has multiple false intra-annual growth bands, which were likely a response to the precipitation events during the growing season (May and August) separated by dry periods where the plants likely ceased or dramatically slowed growth.  The 1977 false bands and growing-season precipitation are anomalous in recent decades.  Some CEVE also have  false ring in 1976, likely related to the late growing season (Sept 1976) precipitation event.
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Fig. #.  Additional growing season precipitation events that may be recorded as false rings in CEVE (1939 – 10/1966).
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Fig. #.  Additional growing season precipitation events that may be recorded as false rings in CEVE (11/1996 – 10/1989).





Appendix A
Photographs of C. Verrucosus growth ring samples from Lawson collection (dead).
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Appendix B
Photographs of C. Verrucosus growth ring samples from live 2015 collections.
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Figure B1.  CEA17 (LS01).
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Figure B2.  CEA18 (LS02).
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Figure B3.  CEA19 (LS03).
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Figure B4.  CEA20 (LS04).
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Figure B5.  CEA21 (LS05).




Appendix C
Inventory of C. verrucosus individuals, samples, and alternate identification codes.
	SampleID
	ShrubID
	Alternate ID's

	CEA10
	CEA10
	P1, 001

	CEA10A
	CEA10
	P1, 001

	CEA10B
	CEA10
	P1, 002

	CEA10C
	CEA10
	P1, 003

	CEA10D
	CEA10
	P1, 002

	CEA10E
	CEA10
	P1, 003

	CEA13A
	CEA13
	P11, 001

	CEA13B
	CEA13
	P11, 002

	CEA13C
	CEA13
	P11, 001A

	CEA14
	CEA14
	P3

	CEA14A
	CEA14
	P3

	CEA15
	CEA15
	P4, 001

	CEA15A
	CEA15
	P4, 001

	CEA16
	CEA16
	sp 100

	CEA16A
	CEA16
	sp 100

	CEA17A
	CEA17
	LS01

	CEA17B
	CEA17
	LS01

	CEA17C
	CEA17
	LS01

	CEA17D
	CEA17
	LS01

	CEA18A
	CEA18
	LS02

	CEA18B
	CEA18
	LS02

	CEA18C
	CEA18
	LS02

	CEA18D
	CEA18
	LS02

	CEA18E
	CEA18
	LS02

	CEA18F
	CEA18
	LS02

	CEA18G
	CEA18
	LS02

	CEA18H
	CEA18
	LS02

	CEA19A
	CEA19
	LS03

	CEA19B
	CEA19
	LS03

	CEA19C
	CEA19
	LS03

	CEA19D
	CEA19
	LS03

	CEA19E
	CEA19
	LS03

	CEA19F
	CEA19
	LS03

	CEA1A
	CEA1
	T333, M 5.25, 8

	CEA20A
	CEA20
	LS04

	CEA20B
	CEA20
	LS04

	CEA20C
	CEA20
	LS04

	CEA21A
	CEA21
	LS05

	CEA21B
	CEA21
	LS05

	CEA2A
	CEA2
	T333, M 5.0

	CEA3
	CEA3
	T504, I 37.5, 2

	CEA3A
	CEA3
	T504, I 37.5, 2

	CEA4A
	CEA4
	T504, M 39, 1

	CEA4B
	CEA4
	T504, M 39, 2

	CEA4C
	CEA4
	T504, M 39, 2A

	CEA4D
	CEA4
	T504, M 39, 2B

	CEA5
	CEA5
	T449, M 14, 001

	CEA5A
	CEA5
	T449, M 14, 001

	CEA5B
	CEA5
	T449, M 14, 002

	CEA5C
	CEA5
	T449, M 14, 002

	CEA7
	CEA7
	P14, 001

	CEA7A
	CEA7
	P14, 002

	CEA7B
	CEA7
	P14, 002

	CEA7C
	CEA7
	P14, 002

	CEA9A
	CEA9
	P6, 001

	CEA9B
	CEA9
	P6, 002

	CEA9C
	CEA9
	P6, 002A






Appendix D – Age and death date comparisons with prior ring counted estimates.
Table D1.  CEVE age and death date comparison with prior ring count estimates.
	TreeID
	IDNotes
	plant min inner year
	plant max outer year
	plant age
	Status
	Lawson age
	Age difference
	Lawson death date
	Death date difference

	CEA10
	P1, 001
	1895
	1954
	59
	dead
	66
	7
	*
	 

	CEA13
	P11, 002
	1895
	1945
	50
	dead
	46
	-4
	*
	 

	CEA14
	P3
	1907
	1941
	34
	dead
	44
	10
	*
	 

	CEA15
	P4, 001
	1894
	1938
	44
	dead
	49
	5
	*
	 

	CEA16
	sp 100
	1946
	2003
	57
	dead
	NA
	NA
	NA
	NA

	CEA17
	LS01
	1901
	2014
	113
	live
	NA
	NA
	NA
	NA

	CEA18
	LS02
	1898
	2014
	116
	live
	NA
	NA
	NA
	NA

	CEA19
	LS03
	1905
	2014
	109
	live
	NA
	NA
	NA
	NA

	CEA1
	T333, M 5.25, 8
	1884
	1958
	74
	dead
	87.3
	13.3
	1999
	41

	CEA20
	LS04
	1937
	2015
	78
	live
	NA
	NA
	NA
	NA

	CEA21
	LS05
	1899
	2014
	115
	live
	NA
	NA
	NA
	NA

	CEA2
	T333, M 5.0
	1902
	1992
	90
	dead
	63.3
	-26.7
	1975
	-17

	CEA3
	T504, I 37.5, 2
	1896
	1941
	45
	dead
	58.3
	13.3
	1970
	29

	CEA4
	T504, M 39, 2A
	1897
	1951
	54
	dead
	72.5
	18.5
	1985
	34

	CEA5
	T449, M 14, 002
	1894
	1940
	46
	dead
	44
	-2
	1956
	16

	CEA7
	P14, 002
	1902
	1963
	61
	dead
	62
	1
	*
	 

	CEA9
	P6, 002
	1873
	1954
	81
	dead
	not in lawson 2011 report
	 NA
	NA
	NA


* Not sure if establishment date assumed to be 1912 like others.
Note: Data from table E-4 in Lawson 2011 report and spreadsheets. “P” samples originally from cummins 2003 study.
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