Assessment of visitompactson coastal bluff erosion &oint

Lobos State Natural Reserve

Sean Noble

January 2016

California State University Monterey Bay
California State Par
And
The Point Lobos Foundation

California State University

MONTEREY BAY




Acknowledgements

We would like to thank:

- Marsha Grand and the Richard Grand Foundatio

- Point Lobos Foundation

- Stephen Bachma& California State Parks staff

- Dr. Doug Smith & thE SUMB Watershed Geology Lab
- Naval Post Graduate School Remote Sensing Center
- Elizabeth Koch

This is primarily the work @@SUMB graduate student integBean Nobleworking under the
supervision and support of State Parks staff.



Executive Summary

Point Lobos State Natural Reserve (PLSNR) is hondiveraearray of natural resource#ts
iconic landand seacapes, varied ecosystems, and rich cultural history have inspired countless visitors
duringits 83yearsas part of the Californiat&e Park System. Howevaewjth the rapidly increasing
popularity of PLSNRalifornia has struggled balan@ maintainingpublic acceswith ensuring the
protection and preservationf PLSNQ sensitiveresources Starting with the 1935 Master Plan by the
Olmsted Brothers, the land management goals have been to preserve the natural condition of PLSNR,
and tominimizesigns of human presencé&he current condition of PLSNR demonstrates that these
goals are not beig met.With increasingvisitoruse PLSNR is beidg 2 @S R & thess fragilk £
natural resource arebeinglost.

The goabf this studyisto assesshe vulnerability of PUISRto human activity, surveyisitor
impact to thecoastalareas and tomake land management recommendatidossed on the colleed
findings. To determine the vulnerability of PLSNR to human activétgonducted a literature review
andwe analyzed geologic and environmental datéevant to PLSNRVe used this inforration
combined with GIgrocessedo generate arerosion potential model foPLSNR.

To survey the coastal areas of PLSRused GPS to colledata on the location and severity of
trail degradation, user created trails, and areas@detation and soiblss. We used this data to
determine the relative density of visitor impact. The areas that had the highest relative density of user
impact were the focus of more quantitative survey method& identified a group of trail segments as
being severely degradeand surveyed them with series ofrail cross sections. Additionally, wsed
motion photogrammetryto surveya sample set dbluffs that had large areas of vegetation and soil loss.

Thesequantitative surveys revealed that there was significant levels of human impacts
throughout the coastabluffsregion of PLSNRNe measured over 1,008 of severely degraded trails,
4,700m of user created trails, and over 2,008 of vegetation and soil los€f the trails surveyed
through cross sections, the most severely eroded was the trail section passing next to Sand Hill Cove
which had an estimated 4®?° of lost soil. We also found that multiple trail segments passed within
close proximity to marine mammal hbouts, which the literature suggestgnificantlyaffectstheir
behavior.Wildlife disturbance data collected by Elizabeth Koch and CA State Parks (analysis not finished
as of this report), substantiated that wildlife disturbance was occurriragéas of PLSNR where trails
are near yithin 100 m) to marine mammal haul outs.

We used the collected information tmake a number of suggestions that would help PLSNR be
more sustainable while still providing public access. We used GIS to geateahate trail rougs that
avoid close proximity to known marine mammal haul outs and angdshigh modeled potential for
erosion Additionally, we made specific suggestions for severely impacted areas like Lower Sea Lion
Point, Granite Point, Coal &bt Point, and Weston Beach. We stressedubkeof trail borders and
public educationspecificallyon the importance of zero impact behavior. Finally, we analyzed the
coastal parking areas 8ird IslandWhalers Coveand Piney Wood®r potential mitigation strategies
to eliminae runoff discharge into theét\rea of oecialBiologicaldgnificance justoff the coast of PLSNR.
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Introduction

In 1933, the State of CalifornpurchasedPoint Lobodecause of its unique assemblage of
marineand natural resourcegwo years latethe Save the Redwoods Foundation commissioned the
Olmsted Brothers to drafta master plan for the are@’heOlmsted Brothes argued for the protection,

preservation, and restoration of Point Lobos, citing that:

Theland embracing Point Lobos was bought for inclusion in the State Park System (a) because
the very peculiar physical characteristicG o i K S (b)2o€chuseiitiwvasXeld to be of
importance to mankind, in the presentBn A Yy F dzii dzZNJ&) bacSug Bed-wasioBwoas X
danger of the complete loss or serious impairment of such opportunity (by destructive changes
in the physical condition on which it depends, or by exclusion of the public, or both) unless the
land could be acquired and administered the definite purpose of preserving that opportunity

in perpetuity.

They also notd the value of the natural aesthetics of the ardaking care to mentiort$ vulnerability to

human impact and the importance of maintaigits natural condition wheever pasible In particular,

the Olmstal Report highlightedits vulnerability to erosion, insisting that erosion should be preserved as

a natural process, free of human influence. Additional concerns about the impact of over abundant trails

and other humarinfluenceswere also addressedVhileit was stressed thahe Reserveshouldbe kept

publically availablethey warned thatt LINS &8 8 dzZNB A& f A1 Sfte (2 685 SESNISR
LISNFSOGte 3F22R FIAGKX (2 KI g3l ®KRY Iw D SIRBIuaE ¥ l1a3 SR
of attendancé | Yy RsdZDK| @LIN& & 4 dzZNE ySSR&a (2 0 SHoWwéveiMiseems: Yy R A Yy i
likely that the Olnsted Brothers underestimated the drawing power Bbint Lobosand its ppularity

later in the cetury, promptingli 2 R llaBd@r@nagers to revisihe strategesfor preservingPoint

Lobos

In 1979, a General Plan was drafted thegstablished | f A T go&NFobithe Qdint Lobos
State Natural Reser@LSNRThe General Plaaid outguidelines ad suggestions for land managers,
as well as pointing out speffeatures of the area that werngriorities for conservationThe primary
goalstated inthe General Plan was managePLSNR 2 6 NR& | GLINAaGAYyS adal dSxz
ecosystem wouldhave achieved iEuropean man had not interferédTo accomplish this, guggested
that significantly impacted areas be identified and restored to historic conditims priorities werao

preserve iconic ecosystems like the Monterey Cypress growastal prairienima mounds, and the



intertidal and subtidaimarine habitatsThe General Plassocalledfor the protection of the resident
marine mammals, and the preservation of the cultural history of the area. To accomplish this, the
General Plan sggsed closing coastal parking lots, or banning motor vehicles fRuSNRItogether.

Additionally, it suggestedducation programs that emphasizéhe fragility of the area.

Despite this call to action, feof these previous management recommendatidias’e been
implemented,andthe corcerns of the General Pldrave gonaunaddressedMeanwhile, isitor
attendance has steadily increased in the past decaaegnifyingthe impact on PLSNi@sources
Recently, there have been public meetiragmcerningplansto draft a new General Plaonethat will
emphasizdghe goals opark unitland managers. Unfortunatelthere is a dearth of information about
the current condtion of PLSNRNd precisely whaimpactsvisitors arehaving on thearea complicating

the planning process

Goals

The goals of this study wete:

- Identify the vulnerability ofPLSNR erosion anchumanimpacts
- Identifyand quartify the amount of impact that visitors are having

- Make recommendations that can be used by land mansigaheir conservation efforts

We started byconductinga review of relevant literatur@bout human impacts on protected areas
We used the results of the literature review to analyze available datthe climate, soils, and

topographyto determine the vulnerahities of PLSNR to erosi@nd other user impacts

To establish the impact of visitoost PLSNR resourcese conducted ainitial visual assessment of
the study area and mapped notable impacts using GPS. This assessment allowed us to idestify area
whereuser impact is the most significarWe assigned a relative impact sevestpreto features noted
in the visual survey, e.greas of soil loss were ranked as more severe then areas of trampled
vegetation Thisvisualdatawas usedo determine where wavould make direct measurements of soll
loss within PLSNRVe prioritizedsoil losghroughtrail and bluff erosiorbecause of the difficulty in
restoringtheseeroded areasIrampled plantanayregrowin a given aregor can be replanted.
Alternatively, sils arenaturallyreplenished on a geologic timescale restore an area of lost soil,

similar soil would have to be located and transported into PL.8MR stabilized usingest



Management PracticeBMP), and revegetated with native plantgVhile eroded areasan be restored
by expensiveprocessesthe adoption and implementation of a t c®ipreventthe loss of tls natural

resourcefrom occurring

We combined everything we learned about PLSNR to make a number of recaations for
directing future &nd management decision¥hese recommendatiomange from general advice on
land management strategies to agific ideas for heavily impactedeasidentified during our visual

survey
Study Area

The PLSNR is loedtonthe central coast of Californjgust South of Monterey Bay (Fit). This
region of the California West @st has a Mediterranean climatiaturing moderate temperatures with
rains generally occurring between November and April. Alternatittedypeak visitation to PLSNR

occurs during the dry summer monthEhePLSNRovers approximatel$36 hectaes of scenic coastline

N

Figurel: Point Lobos State Natural Reserve is boarded by the publically accessible Carmel River State
to the North, the nonaccessible Point Lobos Ranch to the East across Hwy 1, and residential housing tc
south across Gibson Creek.



YR KIFIa 6SSy NBFTSNNBR (2 lFa GKS a/ NRrgy WSgSH
fFYyR YR &SI SMRyosts K&y ilgoNdntRabidats suich as northern coast scrub, cypress
and Monterey fne foress, and coastal chaparral plant communiti€uspended in the PLSNR soil are a
number of Rumsiei®hlone cultural sites consisting primarily of shell midddiecoastline around

PLSNR is designated asfaea of pecialBiologicaldgnificance (ASBS) and is enclosed in the Monterey
Bay National Marine Sanctuary. Additionally, a number of protected animals are endemic to PLSNR,

including southern sea otters, harbeeals, California seihs and black oyster catchers.

The study area fathis projectwas limited to thecoastaltrails and bluffof PLSNR. We defined
this as everything from thBird Island peninsula to the northern end BLSNRnN the seaward side of
the mainroad(Fig. 2. The soils that make up these coastal bluffs aedpminately sandy loam
Mollisols with a relatively shallog@ m)W! Q K2 NRA T 2y .B)F 6N anayseblandrhodaisC A 3

we used sandy loam as a representative soil type for the entire area.

Figure2: The trail network in PLSNR grants visitors direct access to the scenic bluffs. These trail often r
directly along the bluffs edges. The major exceptions were the coastline around Big Dome and the poin
directly north of Moss Cove.
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Literature Review

There is inherent conflict between the conservation of protected areas anahtpact of the
visitors who seek to enjoy them. By visiting and interacting with natural systems it is inevitable that
people will have some impact. ik up to land managers to balance the goals of conservation while still
allowing for visitor acces@radford and Mcintyre 2007; Snyder et al. 2008; Yang et al. 20hi4)
review willexamine the scientific literature on how visitors mightibgactingPLSNR. Weill also
explorestudies onpossible mitigation and management approaches that Hasen demonstratedo be

effective.
User Impact

People who visit protected areampact them in many ways.isitors interact directly with the
soils and vegetation, introduce invasive plant and animal species, and impact native wildlife behavior.
Beyonddegrading official trails, visitors can create unoffictaluser createdrails (UCT)expanding

their impactwell beyond the intentions of land magers To create a clear understandiofthe factors



involved inuserimpact atPLSNRye started with an overview of theeffect of visitors on soils aritie

process okrosion. Wethen examind the role ofvegetation in mitigating erosion arftbw usersaffect

vegetation We alsoreviewedhow visitors can effect local ecosystems, focusing on studies that pertain

to habitats and specieglevantto PLSNR. Finallye examinal studies on the effectiveness of

managerial practices and highligltLJ2 6 Sy d A f . at Qa GKI G O02dzZ R 6S S¥FS

Soll

Soil erosion occurs in thresteps, particle detachment, transportation, and deposition. The
abiotic forces that generate erosion energy are water and air interacting with the soil surface or geology.
Soil transportation occurs through wind energy or water runoff. While this movemifestil is a natural

process, it can be significantly accelerated by human interagtion

Soil detachment occurs when a force is strong enough to break individual soil particles free of
the soil matrix, allowing them to be transported. Direct raindrop ictpaon the soil surface is a
significant cause of soil detachmegioung and Wiersma 1973) has also been demonstrated that
steeper slopes are more vulnerable to erosion through raindrop detachment and ri@puwéinsati981;
Torri and Poesen 1992)Vind can also detach soil particles. In a studwby @A | YR 5 QlthR2 NR O2 ¢
sandy loam soil had the lowesind speedhreshold for particle detachment. Additionally, simply by
walkingover bare ground, viirs candetach a significant amount of soil making it susceptible to

erosion through wind and water transpaition (Cole 2004)

Parameters such as soil structure and soil moisture can have significant effects on soil erodibility
and can change with thelimate or through user generated impad¢Bryan 200Q)Visitors cause
compaction of trailsurface sof, particularly in sodwith more sandLiddle and Grei$mith 1975; Bhuju
and Ohsawa 1998%tudies of sandy loam soils, like at PLSNR, indicate that compaction decreases water
infiltration and increases surface runoff and eros{nllen 1985w I @A YR 5QhR2NAO2 OHnAN
demonstrated that relative humidity is correlated with soil moisture. Soil moisture has been shown to
be correlated with wind speed detachment thresholds, with drier soil having the lowest thresholds
60/ KSy Si It d mdbddc T.Thislindidated thaRhes 3 prébabNda Seasonal viitgld
the erodibility of the soiit PLSNR. Additionallgtudies indicate that visitor trail usegativelyimpacts
soil microbial activity which can affect the formation of aggregatesiaoigtasesoil erodibility(Lucas

Borja et al. 2011)



Vegetation

Vegetation is a key component in reducing soil erodibility. There is an exponential increase in
soil erosion as vegetation decreag€y/ssels et al. 2005Yegetation provides cover and significantly
reduces raindrop detachmeriGhahramani et al. 2011y egetation also reduces the force of the wind
on the topsoil and catches air born particles, increasing depogitian de Ven et al. 1989; Wolfe and

Nickling 1993)Additionally, plant roots help to stabilize sweihich carreduces soil erodibility.

Experimentsonducted irhydraulic flume demonstratedthat grass roots in a sandy loam
significantly reduce the amount of erosion from concentrated overland {@&/Baets et al. 2006y he
type of vegetation also plays a role in resisting small landslides on steep dogtesly byFattet et al.
(2011)indicates that the roots of érbaceous plants were more effective then treéasieveloping soll
aggregatesandthat the density of fine roots was a significdattor. However, this study was
conducted on silt clay loams and may not directly represent how roots impact sandystiiam
Dunaway et al. (1994pnducted a study that indicates that the percent of sand is positively correlated
with root density and lower erodibility, suggesting that the pores in sandy a@ilfavorabé for root
growth. Conversely, higher sand percentages can make soils more vulnerable to compaction, which
negatively affects root growtfiTaylor and Burnett 1964; Bhuju and Ohsawa 19%9Bijs highlights how
visitors can impact soithrough soil compaction iRLSNR and hosoil compaction should be factored

into determining visitor access

There are multiple factors that can affect the density of vegetation in protected areas like
PLSNR. In a study of sandy loam soils, slope thresholds were identified where plant grosgvavaly
limited (Bochet et al. 2009)The Bochet et 42009)study concluded that plants have difficulty grmg
on steep bluffs, therefarit is important to protect the existingluff vegetation to reduce erosion.
Visitors also significantly impact plants, primarily through trampling. Vegetation trampling in PLSNR
takes place through lateral widening of official trails and off trail exgtionA ® S ®. Whéther drail is
official ora UCTthe impact on adjacent vegetation is similar. Trail widths tend to increase with visitor
use(Dale and Weaver 1974; Wireyp and Marion 2010)Visitors can also reduce vegetation cover and
alter species composition withincl2 m of trails(Dale and Weaver 1974; Cole 1978)s important to
consider that different vegetation types differ in their resistance and recoverability to tram(@iolg

1995a; Cole 1995blror example, meadows and gses are more resistant to change then dense



forested vegetatior(Cole 1978)The woody stemmed shrub species found throughout PLSNR are

particularly vulnerable to trampling.
Ecosysters

Visitorsat PLS\RIikely have significant impacts on the local ecosysiethree ways. First,
erosion can have effects beyond soil loss. Second, visitors can introduce invasivpetiag.dastly,

visitor presence and behavior canpact local wildlife behavior

The impacts of soil erosion go beyond a loss of physicalratdsand the effects can ripple
through the environmant via the transportation andepositional processes. Air born particles can
significantly impact respiratory healfBernstein et al. 2004 Additionally, soil runoff pollution can have

significant negative effects on local ecology, including marine environnjeémentel et al. 1995)

Visitors walking on trails alla¥or the introduction and transportation of invasive plant species
(Tyser and Worley 1992)Vhile some studies have found that trails only effectai@ndance of
invasive plant species up to I6from a trail, other studies have found high abundancies of invasive
species persisting hundreds of feet around tréilsung and Marion 2000nvasive plant species can
alter the native soil nutrient cycles and affettil chemistryEhrenfeld 2003)Iin California there is a
O2NNBf A2y 0SG6SSYy Ay@FaAagdgsS LIl yld NAOKySaa FyR
(Seabloom et al. 2006)hese problems can be exacerbatedhoynan disturbances such as alerated
erosion and plant trampling, which can damage native species and leave soil ekmosednative
speciedo take root The spread of noxious namative weed species can change habitat structure and
function, and have real consequences for managers who may have to develop weed eradication

programs at considerable expense.

Visitor presene can affect the behavior of local wildlife. This is of concern f8XRbecause it
isused by marine mammalike sea dters, harbor sed, California sea liondlack oyster catchers
These species are vulnerable to harassment by people angraiected understatutes likethe Marine
Mammal Protection Act of 1972n a study oharbor sealsn Iceland observers affectedealbehavior
from a viewing area 106 from the haul ou{Granquist and Sigurjonsdottir 2014)he number of
viewers and their intensity was significant, with small numbers of calm observers having the lowest
impact. Additionally, fur sealdhad a universdy dramatic responswhen approached by tourists. Again,

the distance to illicit a response depended on the intensity of the tobeéiavior(Cassini 2001Yhese



studies indicate that marine mammals are sensitive to disturbance from visitors, andshat vi
behavior is a significant factdBecausex number of PLSNR trails, both official and user created, pass
within 100 m of known haul outs, it is likely that the marine mammals endemic to the area are being
impacted. If these trails are to remain irapk, t isvital that visitors to PLSNR be educated on proper

behavior and the potential impacts of theictions

Management

Land manager$ace the difficult task of balancingsitor accessvith the protection of natural
resourcesTo balance these conflicting needsjs important to understand how intelligent trail design
can limit trail degradation and reduce indirect impacts on the ecosystéaditionally, management

programscan impact visitor behaviandlimit destructive pratices like off trail exploratioand hiking

In an assessment of the trails in the Big South Fork National River Recreatip@®lieand
Marion (2009)dentified factors that significantly affected the rate of trail degradation. Their results
indicate that trails that follow the fall of the slope have sigmaifitty higher erosiomatesthen trails that
run perpendicular to the slope. Additionally, topographic positwas an important factor in trail
erosion with vallegeroding more thammidslopeswhich eroded more thamidges. The authors also
identified managerial factors that effected tmate of trail erosion. Effective trail features included;
tread drainage features that limited water flow down trails, the application of gravel or decomposed

granite, and limitations on heavy trail use.

Other studies have indicated that the use of tkairders, even when purely symbolic, can
reduced trail wideningWimpey and Marion 2010 here is a consensus that vegetated buffer strips can
reduce sediment and pesticide runoff and increase water infiltra{@osskey 2001; Popov et al. 2006)
By ensuring that trails leave vegetdtbuffer strips around bluffs, erosion and ecological impacts can be

reduced.

Limiting off trail trafficat PLSNRBhould be a priority folandmanagers. The impact of
vegetation trampling is generally not linear, with the first passes over a vegetataccatsing the
greatest impac{Cole 1995a) / ¢d@ &ot benefit from professional trail design and are often located
and oriented in ways that exacerbate their negative impacts on the ecosy®émpey and Marion
2011) A common practice to deter off trail exploration is the placement of signs either at trail heads or

in areas where off trail use is evide®tudies indicate that not adigns are equally effective at



preventing off trail use. Signs thaarn of citations ogivea reason fostayingoni KS G NI Af o0 WI St L
the meadow by staying amialQ are more effective thn signs thabnly ask visitors to stayrothe trail

0 Wt £ S alisSK S Ji(Bidiiforek sl Mcintyre 2007Additionally, thesigns with reasonsetained

their effectiveness even when placed at a trail hgagtay from the] / ¢ Rigimportant to notehat all

signs helped reduce off trail usendthat a combination of approaches coytdove tobe themost

effective Additionally, visitor education programs caerease visitor knowledge and alter visitor

behavior(Marion and Reid 2007}t is theminority of visitors who willfully damage protected areas, so

through proper trail design and visitor education, a lapgecentageof off trail damage can bavoided

Methods

Vulnerability analysis

Weather analysis

We used weather data froundergroundcomto analyze the regional weather in terms of
possible impacts on erosion. We obtaingaily weather summaries over multiple years (262@14)
from the weather station located in Carmel, just North of PLSNR also downloaded 5 minute weath
summariedrom the Lovers Point weher station in Pacific Grov®ue to the high resolution of the
minute datg we focused on the summer montli3uneq September) of the year2012-2015.
Specifically, wéooked atthe daily max wind anevind gustspeeds andfocused orthe frequency of
wind speed surpassind.0 mph We used 10 mph dke thresholdspeed requiredor wind to transport

sandy loam soil particléa dry condition® wl @A YR 5QhR2NAO2 HAanpo
Topographic analysis

Topographic factoref erosion potentiaivere determined usig ArcGIS analysis on a LIDAR DEM
produced by the Naval Postgraduate ScHd#??*SRemote Sensing Center. Based onfthdings of the
literature review we used the slope and topographic position index (TPI) as topographic factors
erosion potential. Beasse vegetation is aignificant factor in erosion, and there is a threshold slope in
whichvegetation growth is reduced,exclassified slopedave that threshold 35 degreesinore
AaSOSNBf& IyR NBFTFSNNBR (2 (KSY upsiopewbbiuffizisthavidgranz S | £ &
increased potential for erosion due to the potential for knickpoints and bluff recession. We scaled

everything from 110, with low numbers having low erosion potential, and high numbers having

10



increased erosion potential (Thkedl). To classify TPl we usad.5m to 30m annulus classifying the
terrain as flat, valley, low slope, mid slope, high sl@vel ridges

Tablel: Relative impact rating given to different parameters on how they affect
erosion potential. Distance from bluff was the only the upslope distanaeeas
directly below bluffs were not includedn this category

TPI Slope (degree) Distance from bluff (m) Impact
Flat 0-5 0
Low Slope, high slope, ridge  5-10 1
Mid slope 10 - 20 2
5-10 3
Valley 20 - 30 3-4 4
0-2 5
6
30 - 40 7
40 - 50 8
50 - 60 9

Impact Analysis

GPS Survey

We conducted aisualsurvey of the study aredeginning withan initial walkthroughnoting
the different possible impacts visitoere havingat PLSNRVe thenmappedthe official trails and their
level of degradation, / ¢ &eas of notable impact, and othnportant featurese.g. knickpoints
Additionally, we took geotagged photosfefitures using Caplio 500SBVe wseda handheldTrimble
Geo XTto collect GPS datand post processethe data usingsPS &hfinder Office Areas that were
inaccessible due to the presencésensitive fauna, soils, vegetation, or cultural resourcegsewe
mapped remotely using photographseral imageryfield notes,and LiDAR. Detailed field methods and

criteria can be found in Appendx

Official trails were identified using the visitor guide nfapreference. Waused GPS to create
line segments foall the official trails in the study areAfter post processing usingPSPathfinder
Office, we projected the data and manually adjusted liteanatch notable features ithe LIDARDEM
provided byNPS. This process helped features tgpbaperly correlatel with notable features in the

course of later analysis

To determine the level of trail degradationewalkedthe coastal trailsand ratedthem from O

4, onlevel of incision and widenirnggverityrespectively with zero indicating neisible issusand 4

11



indicating severe visible degradatioe recorded trail segments rated over zero as line segments using

GPS. During post processing, we snapped these line segments to the appropriate corrected official trails.

We maped UJQ that couldbe observal from walkingofficialtrails. We interviewed doents
and State Parks staff familiar wiLSN understandwhat kind of UCI @xist in thepark and where
they are prevalentWe walked UCT &napping themand ranking thenon a scale of -# based orthe
level of impact and degradation. Some of the trails were not accessible, primarily due to the presence of
poison oak othe high potential for impacting sensitive slopewsils or vegetation. TheselCT2dere
marked using 8S andvere heads up ditfized using photographs, ortiphotos, and field notes as

references.

During our initial assessment BESNRwe noted large areas experiencing vegetation and
apparent soil loss. These areas were identified separately fnewideningof2 F FA OAF £ &N} A f & 2
they hadno clear direction of travel. To map out tirapacted areaswe walked the perimeter using the
GPS to create a polygon feature. Areas gfetation loss were identified ameas of noticeable
vegetation tramping a a complete lack of vegetation adjacent to vegetated ground with no other
visible distinguishing differences e.g. no significant slope breagisamges in soil. Are®f soil lossvere

defined as locationwithin areas of vegetation loss wittxposedbase rock

While mapping trail conditionsve also noted other significant management ardsion
features. Specifically, we mapped the locasamd types of fencing used to designate official trails
throughoutPLSNR. We also noted the locasiofiknickpointsor headcutswhere a bluff wagroding

into the boundary or active treadwayof an official trail.
Userlmpact density

We used the visual surveyethodto identify areas where user impattad the highest density.
We assigned an individual impact density to each of the observed user itgpasiand severities

(Table2; Table3d). Impacts that implied a loss of soil were ranked higher then impacts that only implied

12



losses of vegetatiolWe used ArcMafo Table2: Level of different impact types and severities o
users on PLSNR. The level of impact is a-egs ranking
based on the literature and implied importance of
locate areas wheréhe density ofuser impacs  affected resources.

generate a combined density map help

was highest. Impact type Severity Level of impact (per m!
1 1
Trail Cross sections o 2 2
Trail incision
3 4
We used trail cross sectionaleasto 4 8
estimated soil loss from high priority trail ; 06255
segmentsThe high priority trail segments Trail widening 3 1
were defned as having a constaahd 4 2
1 1
continuousincision rating above 2, and passe 5 5
within 15m of the ocean (Figt). This uer 3 4
4 8

classification was used to identify trails that

are a possible source of sediment discharge

] ) Table3: Levelof impact of users omareas withinPLSNR.

into the ASBS. Depending on segment lengtt The level of impact is unitess and is based on the

we measured & 5 cros sections using literature and implied importance of affected
resources.

methods described iMarion and Olive

Impacttype  Level of impact (per i)

Vegetation loss 1
to the natural soil slop as opposed to the Soil loss 4

(2006) with the exception that we measured

active tread widthWe calculated the total soll
loss by multiplying the average cross section
area by the total length of theneasuredrail

segment.

Photogrammetry

By combining the data gathered through the general suwily information frominterviews
with land managers, we identified a number of areas that are a priority for monitoring or restoration.
Priorities for these areaare to generate accurate DEMs amafierenceablaénformation, against which
future degradatia can be tracked and quantified/e selected thredluffs to test the effectiveness of
surveyinghese areasising structure througimotion photogrammetry(Fig. 5. We usedabeled
multicolor ground control pointgGCR)distributed in a 6 m hexagonal fatn to tie the resulting data

to the NAD 83 UTM zonk0 coordinate systenfFig. §. We used ArcMap to identifthe GCP locations
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Figure4: Trail segments surveyed using cresectional area measurements. Numbering is based on the
order in which the trails were surveyed, which was contingent on trial availability due to visitor usage.
Some trails, like the one leading to Sea Lion Point, eeelected in the GIS analysis, but were not surveye
due to the chance of disturbing marine mammals.

and the TrimbleGeo TXGPS unit to place them in the field. We usgdUS$ost corrected3 arcsecond
Nikon total statiorRTK GPS to determine the pregmsition of each GPas they were placed in the

field. Additionally, we used thRTKGPS to map the edge of the bluff, defined as the predominant slope
break separating the flat coastal scrub surface from the steep bluff face. We also coRddte@PS
pointsunder vegetation in and around the survey area to compensate for the predicted inaccuracy of
structure through motion photgrammetry in heavily vesjated areas. To determine the accuracy of the
RTK GPS we took a series of reference ptinteaighoutthe day. These points were taken at easily

identifiablestaticfeatures such asthecro&s¥ G KS a¢é¢ 2y | YoSGFf &1 G§SNJ LA LI

To collect picture$or the photogrammetry we attached a GoPro HERO 3 blackZieamuse
H3-2D gimbahousing to the enaf a 5m extendableLJ- A Yy jiol6. N2 &oPro wasesto take a
12 megapixel imagevery 2 secondskemote control of the gimbal was used to adjust the position of
the camera to help ensure images were free of unwanted features. We slowly walked oweetheith
the camera pointed downward, ensuring that we covered each GCP from multiple directions.

Additionally, we captured a numbeof imagesof the study areas fromrmore oblique angles. The images
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Figure6: The planned distribution of GCP fetructure through motion survey (A) and an example of one ¢
GKS D/tQ&a dzaASR 0.0 ¢KS aLl Oay3a 2F (KS D/tQa o

Ak &

D2t N2 O YSNI} FNRBY (KS KSAIKG 2F GKS LI Ay GXKNQaD/
made photo identification in PhotoScan more efficient.

were processed uisg Agisoft PhotoScan software, whatitomatically adjusted for the fisheye leak
the GoPo. We selected photo® ensurethat each section of theurveyed areas were covered by at

least 9 images. We used medium settings when building dense point clouds and mesh surfaces.
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ONJi K 2 LIK 2 (i, 2 AccusaByae@artsf the bluffs were the primaryutputs from the PhovScan

softwareand surveying
Marine Mammals

We usedield observatiors made during the trail mapping sessioas,well as observatiorisom
other interns workingat PLSNRo identify known haul outsised bymarine mammalswWe thenused
ArcGIS to determini whichareas of PLSN&standingperson would be visible to marine mammals
locatedat those hauls outslo do this, we used ArcGIS view shed analysis, asglimed a marine
mammal viewing hight of 15 cm and an assumed visitbeight of1.8 m p Q y Wé alsoused counts
of hauled out marine mammats determine a rough density gharine mammals at haul outs. This
densitywas used to estimate the expected number of marine mamratshaul out that could be

impacted by nearby sitors

Results

Vulnerability analysis

TheWundergroundcomdaily summaries indicated that approximately 60% of days experience
wind speeds greater than the 10 mphrticle detachmenthreshold (Fig7). The analysis of theovers
Pointdatafor summer months revealed an average wind gust speed of 5 mph with a standard deviation
of 3 mph.Wind speed generally followed a daily pattern, with the maximum wind speeds occurring in

the afternoon (Fig9).

Most of the Reserve had a low predicted vulalgility to erosion(Fig. 9) However, the areas
that did have high predicted vulnerabylitvere near the coastal bluffs, Whalersift, and Big Dome.
Analysis of the main traiihdicated that while mostrail segments were itow predicted erosion areas,

but there weresometail segmentghat crosed areas with sevee predicted erosion potential &ble4).
Impact Analysis
GPS Survey

Trail condition variedhroughout PLSNRhe ADA trailaroundBird Island andSea Lion Point

displayedthe lowest amount otrail incision However, these trails were newer (The Sea Lion Point ADA
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Figure9: Erosion potential determined from topographic factors. This analysis does not account for
variances in soil type or vegetation cover (Larger map available in Appendix B).

trails were installed in 2000 and the Table4: Predicted erosion potential of surveyed official trails.

Bird Island ADA trails weresialled in . . .
Erosion potential length (m) Fraction of total (%)

2013/2014) Of the traisthat did Minimal 5729 55
display incision, sevity ratings 2 and Low 3133 30

h ith 1 d Moderate 1089 10
3 were the most common, with 1 dn High 375 4
4 appearing less frequentlyi¢F10). Severe 156 1

Trail widening was more evin

distributed between severity levelsifF11).

User created trails are prevaleatong the coasand in areas where the locatiaf official trails
wasambiguous e.g. around granite point (Fig. 1Rpwer severity UGT@ails were more prevalent then
KAIK ASOSNRGe !/ ¢Qaz K2g S nkdokand &oudd3h@l&fslkhase | / ¢ Qa
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L/ ¢Qa ¢ SNB 02 Yerp/sioges, bferotieht&diaradlef to the slope fall increasing the

rate of degradation.

¥l ,f
@fﬂ 45 b ""'{"
oERy  Point &

%x Moss vy Zu gt

2k
Weston

Gibson Creek:

Figurel0: Trail incision on coastal trails in PLSNR determined through visual assessment (Larger map
available in Appendix B).

Areas of disturbance wemost common where there was an absence of fenaind were
more prevalent on the Southern coast of PLSFER {3). Wire fences were the most common

regulatory feature, however they wermot present on all trails (Fig. 14).

Trail Cross sections

There was large varancein the estimatedsoilvolume lo$ from sampledtrail segments

(Tableb). The trailsegmentsear Sand Hill Cove h#te highes predicted level of soil losgut the trail
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at Moss Cove had the highest averagess sectional areandicating the greatest soil loss per meter of

trail.
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Figurell: Trail widening on coastal trails in PLSNR determined through visual assessment (Larger mag
available in Appendix B).

Table5: Calculated soil loss from trail segments.

ID Segment location Segment length (m) Average CSA (m?) Total soil loss (m®)
7 Granite Point/The Pit 8 0.28 2

2 Mound Meadow Trail 19 0.2 4

12 Coal Shoot Point 35 0.16 5

11 Coal Shoot Point 35 0.16 6

3 Mound Meadow Trail 30 0.18 7

6 Granite Point/The Pit 25 0.27 7

9 Granite Point/The Pit 30 0.25 8

8 Granite Point/The Pit 27 0.31 9

4 Guillemont Island 11 0.88 10

5 Moss Cove 7 2.19 13

1 Bird Island Parking Lot 37 0.33 13

10 Sand Hill Cove 53 0.68 40
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Photogrammetry

According to the report generated BhotoScanthe generated DEM from tHdP survey had
anaccuracyof 0.02¢ I I Ay aid (GKS D/tQad 2KSy ¢S O2YLI NBR
RTK GPS we calculated a standard error of G1®@8d when we excluded points under thick vegetation
the calculatedstandarderror was 0.002n. The calculated vertical error for the RTK GPS off of the

reference points was 0.00%.

m: -y Mosseag 2y s

»

=)

3
Weston,

Gibson Creek:

R

Figurel2: User created trails in the coastal region of PLSNR. Trail severity was based on level vegetatic
tramping, widening and incision (Larger map available in Appendix B).

Discussion

Our analysis of weather data indicates that wind speeds frequently exceed the threshold

neededto transport soil particles. Howev, we were limited in available data sourcesdthe
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Figurel3: Areas of impact (vegetation and soil loss). The areas of impact were most common on the Sc
section of PLSNR and on bisif
thresholdvalue we used does not accouwr factorslike soil moisture antituman induceghysical
disturbances Theweather inCarmelmay differfrom that of PLSNRCarmel is located south eastthie
Pacific Grove peninsula which may shelter Cafroeh oceanic windsAlternatively, the data station on
LoversPoint A 3K Y2NB Of 2 &St eurenfddslinic Wihdd, Sut is flirthér amdyem S E LI2 &
PLSNRThe wind speed threshold we used was based off of undisturbed, exposed sandy Ibam soi
However the presence of vigrs can disturb soils, which reducé® amount of energy required to
transport particlesthereby making them more susceptible to erosion and transpidditionally we
did not account for soil moisture, which can affect wind erosidre pattern ofafternoonhighwinds
couldalsobe signiicant. There is potentially less moisture in the topsoil in the afternoon making it more
susceptible to transportationf high afternoon winds coincide with high visitrafficand lower soll

moisture the amount of soil lost to wind erosion could bgrsficantly increasedrhis initial analysis of

22



local weather conditions indicasghat a significant amount of soil may be lost to wind erosiamdland

management plans should consider thiken making decisions

2.
Weston
Beach "y

Gibson) Creek:

viap by sean INobie

Figurel4: Fences and knickpoints along the coastal trails in PLSNR. While wire fences were common tt
were not present on all sections of the trails.

The erosion potential wdelwe produced should besedas a general indicator of which areas
are at a highrisk of erosion, particularly if they become frequented by visitdrés modéhas not been
thoroughlyverified orground truthed Becausef the high resolutiorof the LIDAR DEMhe existing
trails often appear as strips traversing diagonally acrodsgesThis is expected in areas where the trail
is praperly orientedperpendiculaly to the natural slope Thishigh resolutionwould also effect the
estimates of the erosion potential of official trailsecause the trail slope would be lower than the
natural hill slopeWe also expect that the trails that are more visible on the LIDAR &&MNhore

incised because incisioimcrease difference in elevation from the surroundingrrain.
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Our assessment of trail degradatiaras limited by the definitions wiaid out in our
methodology and lead to some misleading dd@ae of ourcriteria for defining trail widening was based
on a provision of the General Plan stating that saiithin PLSNR should not excek&m in width.
However, some of the ADA trewvere made to bevider thanthis recommendationcausing them to be

indicated as widening in our survey even if they were not showing any other signs of active widening.

A significant aspect of trail
degradation that was not considered in desigr
of this project is water ponding in traiésxd
trail ruggednessPonding in trails after a rain
event force users to the edges of trailghere
they inadvertently trample vegetatio(Figl5).
Likewise, hikers wilafsor the vegetated trail

edges if the main trail is too rugged from

o
<

exposed roots and rock¥his active avoidance
- . . . Figurel5: Trail ponding after rain event.
of official trails can lead twidening andhe g P g

RSGSt2LIVYSYyld 2F '/ ¢Qad

LG Aa tA1Ste GKFG 6S YA aa SeBpedallysifice 2iFcominfos | / ¢ Qa
practice for the trail crewstouse fallenm@K Sa | yR OdzidAy3a G2 206a0dz2NB |/
{ 2YS {édretvQiBile from aerial photos that were not visible from the grouddwever, it is difficult
to differentiate between a deer path and a UCT in an aerial phGtothe ground we had the benefit of
being able to observe footprist foliage cover, and otherclsgd 2 RAFFSNBY GALF 0SS . YA Y §

' RRAGAZ2Y I ffexs |/ ¢ OsistasBufRrecRy outcopsprid-oée&nt covasss appdsdd

to deer pathswhich often passed througthick brush While conducting later surveywe observed that

someUCDa KIFIR 0SSy ONBIGISR &KYAGS AY®&NIOA yidsRadigckyi | LILIX RA
andthe map should not be considered to be absolWmnagersshoulddevelop gprotocolto identify

and restoreUCTs as they appea¥ddressing UCTas they are created would help prevent repedtuse

by other visitors. It is importanttc Y S Y6 SNJ G KF G ! ¢/ Qa publid &kBlorimh$g SNI G4 SR 6
area, without consideration forprogsh 2 y I £ GNJ Af YIylF3aSYSyid FyR RSaAday:

at a rapid rateleading to increased vegetation and soil loss.
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The initial damage from people traued off official trailsis the trampling of vegetatioandthe
exposure of thaunderlyingsoilsto erosive forcesEven in the locations where the afifal trail is further
from the coasti K S NB I NXBraverse®@ tothelbliiff edge. In the example of the bluff on the
north end of PLSNRhe evidence of user impact gets progressively greateyou approach the bluff
(Fig. 12) Thissupports theh RS I (i Kcanibecreated I8y Ppeople seeking to get closer to the bluffs

edge On ourinitial walk through of PLSNRere were some areas wherevitasdifficult to distinguish

AAAAA

0SG6SSy GKS 2FFAOALFE GNIXAf& IYyR GKS '/ ¢Qazx S@OSy ¢

issue was most prevalent was by the parking &its/eston Beachand at Granite Poidt ¢ KSa S ! /
are prevalent throughout PLSNR, with some extending past rod and cable fencing and signs asking for
visitors to stay on the trailDespite this, we still view rod and cable fencing as an effective tool for

preventing off trail usdecause it reduces thessgerity of impact (Fig. 16)

Shoot i\
Point
)/ Whaler's . N
Cove ¢

A

4

—t

Gibson) Creek:

viap by sean INobie

@ e N

Figurel6: Areas of degradation vs the placement of fences along trails.
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vegetated area. So, a single UCT extending past a fence could be the result of a small fraction of visitors
willfully breaking park ruledn the areasvithout fences we see dense networks of UCTS, or entire bluffs
being completely devegetated from trampifiig. 16). More research could build a better

understanding of the interactions between visit@sd managerial practicesnthe ALSNR.
Future research

To better understand the current state of PLSNR and how it is changing, we suggest:

- Further analysis of the effect of wind erosion on PLSNR and possible mitigation strategies.

- Ground trutherosion potentiamodel

- Incorporatetrail orientation in suggested trail locations.

- Identify ideal vista points for trail destinatiotizat do not compromise natural resources (soils
and vegetation)

- Analyze low impact development optiotts capture water runoff and prevent discharge into
the ASBS.

- Conduct a more thorough trail cross section survey and comibpareesultsto the impact
severities from the visual survey.

- Survey remaining bluffs, either through structure through motion photogrammetry or more
traditional survey techniques.

- Analysis of what factors increase trail degradation i.e. incision and widening.

- Incorporate the areQ @rcheological significance into analysis.

- Analyze the potential synergistic effects of sea level rise and anthropoigamécts on PLSNR.
Recommendations

Visitors cause a number of harmful impatdsprotectedresourcesuy:

- Widening trails through vegetation trampling.

- Compacting and dislodging soil particles

- Walking off trail and trampling sensitive coastal vegetatigrich accelerates eramn.
- Spreading invasive species

- Affecting wildlife behavior

26
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Strategic trail design amatlaptivemanagement strategiesanmore effectivelyreducesome of these
impacts. Ensuring that trails are oriented perpendicular to the terrain slope and avoidingodusiaep
slopes can reduce erosion. Maintainwgll establishedregetated buffers arounthe coastabluffs

would reduce soil los and sedimendischarganto the adjacent ASBY/egetated buffers wouldlso

proted underlying and adjoining cultural siteBluff areas which have seen whole scale vegetation and
soillossshouldbe the primary focus of restoration effort¥he restoration of fragmentediuff areas

and theelimination oferosion into the adjacent ASB®uld enhane habitat continuity, structue, and
function along theentire coastal bluff zoneClosing redundant trailandthoseon unsustainable

alignments would minimize total trial length, andreduce the amount of area that is exposed to visitor
impacts. Additionally, trails should be located far away from sensitive wildlife to minimize visitor impact
on their behavior Gounter example®f thisinclude the Lower Sea Lidwoint trail and the North Sher
¢CNFAf 0S0G6SSy DdzAt f SY 2 y.(Howedef, muthRof thigprikenativrefforwili a Yy 2 €

belost if visitors do not stay on official trails.

Thedocumentedeffectiveness of symbolic trail boardgir®d and cable fencingjrail signs, ad
education programs indicate that many visitors do not desire to damage protected areas. It is up to land
managers to determine the best way to ensure that visitors know what conduct is appropriate to
minimize their impactvhile visitingPLSNRBecause nmethod has been shown to be 100% effective, it
seems logical that combining them would have the greatest effect. Education programs, like visitor
guides kiosks andeducation and interpretation stationsan informparkvisitors about the local habitat
and the importance of proper conduethile visiting PLSNIBY ensuring that trails have at least symbolic
borders (rod and cabling)visitorswould easilybe able toidentify official trailsWell-designededucation
based fgns can reinforcappropriatebehavior and help educate visitors. Trailhead signs that remind
visitors of the importance of staying on the official trials and being courtedile near wildlife have
been shown to be effective. Smallégss obtrusive signs could also be used in ardare off trail use is
particularly evidentThese efforts combined with active efforts to store! ¢ / Qa | &,woudSe 2 OOdzN
reinforce themessagef the importance oftaying on official traild-or areas where symbolic fencing is
not effective, park ranagers should consider installing more permangobd fencing like that at the
cliffQ &ge at Sea Lion Point overlook. This wood fengiegentsa stronger message that the area on

the other side is off limits to visitorandit weathers well in the &rsh coastal environment.

We recommend that PLSNR adepginglemessagdo covey to visitorsand that all

management strategies shoulek designed taeinforce that message. There should be an emphasis on
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the goals of PLSNR a&sserve,and how all visors to PLSNBhould strive towards zero impact
behavior. All trails should have at least symbolic bordewsrisitors can easily identify official trails
without consulinga guide or map. Tr&ikads shouldhavesignsthat inform visitorsabout thesigrificant
featureson that trail andwhy it is important to protect them. It should be emphasized that to protect
the areg visitorsmuststay on official trailsSmaller signs reminding visitors of the importance of
protecting the areaor of the possibility of a citatigrhave been shown to be effectivie bcations
where off trail usecontinues Ensuring that every visitor is exposed to this messagaoves theexcuse
of ignorance. This would allow land managers to assume that anyanigipating in destructive
behavior including going off trails doing so purposefullyand should be subject tdisciplinary action

including citation by a park ranger or expulsion fdPhkSNR.

The trails themselves should be designed strategically thi¢ goas of PLSNR in minds the
OlmstedBrothers reported in their 19381 a G SNJ t £ 'y wSLIR2 NI {dzYYlFI NBEX a5 Yl
but must not be allowed to exceed the natural resdtive processes; since thiowld create cumulative
depreciation. Moreover, this balance should be maintained at as high a level of natural values as
LJ2 a & Nlefld®s @msteBrotherreport also refers to coastal bluff areas and makes note that,

G . SOl dzavbinegalilitydf fa&vegetation and soil here, and lzese of the concentration of

people, damage is considerable. Trails are therefore necessary, sufficient for the movement of the

LJzo f AOX FyR LIS2LJX S aK2dz R 0 $he 1939 aimsedotharstepoft | a Of 2 &
also mentions gully erosidnd o6 SAy3 | O2yOSNYy Fa ¢Sttt la a@2fdzyas
making trails less damaging and obliterating needless t@ils.ently, traildrace the edges of the bluffs,
which,unfortunately, maximizes the impact to the bluffs by diminishiing tvegetation and increasing

erosion.As a resultbluff retreatdue tovisitor useis ofrealconcern.Another common trail design in

PLSNR are trddops around pointe.g. Bird Island, Coal Shoot Point, and Sea Lion Point., Agzsa

loops maximize loff exposure to visitor impacts. Instead of a loop, a single trail positioned along the

center of a point would move the majority of the impact away from the bleffge However, visitor

enjoyment must be taken into accouraisthe draw of PLSNR is largely daéts iconic landscapand

bluffs. Land managers must balance providing accessanhdal resourcegrotection. UCT2 @aninform

land managers about whidlgpes oflocations are desirable for visitgrasthey are willingo travel off

trail to get there.Trails shouldminimizevisitor impact while giving them accessttd { binsgratioral

beauty. Carefully chosensta poins at the ends of trails should kaesigned to accommodaitgroups of

visitors while providing viesvand educational opportunities
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We used the erosion potential model and the marine mammal view shedel to createa cost
map for a distance path analysis to generate &areple of an alternate trail desigfig. 7). We chose a
number of locations that are currently used as vista points and generated the least cost paths to these
points from the three main parking areas. This trail network reduces thektd.6f existingrailswe
surveyedo an estimatedd.5 km, while maintaiimg access to thecbnic vista points and beaches in
PLSNR. It also moves the trails further from the bluffs and marine mammal hareastand avoids
areas of predicted high erosion potentislie were only able to use the haul outsat we observed
being usedluring field sessions. A more comprehensive map of favorable marine mammal haul outs

could significantly alteor add tothis model.

Figurel7: Alternate trail paths as determined by a least cost analysis from the parking lots to selected v
points. The vista points were selected from existing vista location and areas that were the destingtibn
fI NBES ydzYoSNE 2F !/ ¢Qad ¢KSasS (NI Afta R2 y20 Gl

SpecifiRecommendations

We developed more detailed recommendations for some oftibavily impacted sites. These
recommendations are based off the relevant literature, field observations, field measurements, and the

erosion potential and marine mammal view shed models.
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Grarnte Point

Granite Point has three maissues that are leading to increased degradation of the area. First,
the main trail leading to the loop is heavily incised and located along the bluff edge. Second, the loop
trail is poorly marked and often indistingld K 6 £ S FNRBY !/ ¢ Q& ©¢IEHdddildrge> G KS
rock at the high spot on the point, indicating that this is a desirable destination for viditthere is a
specific reason why land managers wish to keep visitors away from the reckthtat should be
conveyed to visitors. Alternatively, if the loop is closed and a simgllanarked trail is provided that
leads to a vista area around the rock, ilikelythat much of the degradation to this location could be

minimized(Appendix AFg. 18.
Sand Hill Gve

The trail leading down frorthe Sand Hill trailpast Sand Hill Cove is severefgdhded. It is
heavily incised and shows significant widening. Additionthy steps are underd and in need of
repair, and the traitraverses harmfully close to kmm marine mammal haul outs. These observations
were supportedby the trail cross sections which predicted that this thaitlthe highest volme of soil
loss to erosionSoil loss within this section of trail dischasgkrectly into the ASBS. If this trail is
rerouted the railroad tie step system should be removed, dhearevegetated using native coastal
scrub speciesand temporary BMPs installed to arrest erosion until such tina native gants can
become well estalidhed.Given the steep slope and loose soil present in this area, we recommend that
this trail be relocatedo the interior upland slope adjacent the road(Appendix AFig. B). A rerouted
Sand Hl trail would retain excellent vistas of thecean,coves and bluffs of this section of PLSINRile

reducing erosion and increasing the vegetated buffer between the trail and the ASBS.
Weston Beach

The trail aroundNVestonbeach is being encroached upon by a number of knickpoints which
threaten the trail aad can become a safety hazgkig20). There is not enough room between the road
and the bluff for a trail and an effective vegetated buffene solutionvould be to reduce the road
down to one lane through this argAppendix AFig.21). The existingrail should be replanted to help
reduce the erosion of the bluff to a more natural padeadcess to the beach is to continue, we suggest
that clear access trails be provided with signs educating visitors on proper bebWaston Beach.
Currently, thédd B A a | RSyasS ySig2N] 2F '/ ¢Qa 2y (GKS {2dziK
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Figure20: Knickpoint along Weston Beach. Figuren HY { A3y NBIFIRAYy3 a2Sa
that visitors must walk off the official trail imorder to
read it.

the bluffs Appendix AFig.21). There is ambiguity as to whateas are appropriate forisitorsto tread,

a reality epitomized by a sign placed so that visitors areired to leave the trail to read {fig. 2). The

¢/ Q4 KSNB aK2g¢g aArdya 2F I OGADBS 6ARSYyAy3aAThée yR Ay OA
NEYIFIAYyAy3 ofdzFFfFa akKz2dzZ R 0SS NB@FSIASGLF  SdRcedoy R NB & i 2 N.
both the beach sidendthe trail sideto eliminateambiguity as to where visitors are supposed®

Additionally, the two dirt parking lots in this area generate runoff that discharges into the ASBS. It would

be in line with the goals of PLSNR to close these parking lots and replant them with native plants.
Coal Shoot Point

The jurction area of Coal Chute Point and Granite Point trails is showing signs of moderate bluff
erosion This areahould be revegetated and fenced adf preventhiking on this steep slope (this area
is immediately around the existing bluff benchihe trail €ading upto and around Coal Shoot Poist
showing signs of incision and widening, while ltheff at theend of the point hasi largearea of
vegetation and soil loshere is little vegetation at the point to prevent runoff from discharging directly
into the ASBSThe extreme case would be to close off access to Coal Shoot Point and to restore the area
to natural conditions. If access to the poistdeemed necessarihen we recommend closing the trail
on the East side of the loop, as that trail segment is experiencing the majority of the degradation,
partially due to its alignment parallel to the hill slo@gpendix AFig. B). Closing this trail segment has

the added benefit of helping to keep visitors away from nestingat blue herons whichhave takerup
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residence in the trees at the top of the hdhdaway fromhauled out seals on the rocks below the cliffs
on theeast side on the pointWe also recommend thidhe point iself be restored with sad| native
plants,andthat erosion controBMPsbe implemented to minimizeoil loss and discharging soils to the
ASBSAwell designedenced vista areaauld be constructed to help keep visitors away from the tduff

edge and would enable the bluff to be restored
LowerSea Lion &int

Visitors are causingevee impacton the entireLowerSea LiorfPoint, including soil loss and
impact on marine mammalsAppendix AFig24). We recommend closing this aa¢o visitor access and
that. a t e dmplementedo restore lost bluff habitat andeturn incisedtrails tothe originalslope
contour, with native revegetatiorundertakento stabilize soils at this well exposed sigyain,
replantingthe areas lost duea heavy human foot traffizvould help prevent further erosion, and
importing soil may be necessary to restore this ak&@h the recommended closure of Lower Sean
Point, the trailthat provides access to this arehould likewise be subject to aggragsrestoration
. at Thé existing degraded trail poses several safety risks to pedpisincludessteep eroding
slopesthat are showing signs of active movemehéadcuts working their way back tbe active trail
and an actively eroding bluff exposinisitors to a precipitous vertical clifdditionally,! ¢ / Q& Ay (KA &
unstable and unsafe area pass above #mdugh a rare sand dunevhich is experiencing significant soil
loss as a resulEortunately, the trail on the upper bluff provides spectaculigws of this area and of

the marine mammals that have reoccupied this area, while keeping visitors at a respectful distance.
ASBS Discharge

Sediment runoff from trafiand parking lots into the ASBS should be minimized or prevented
altogether.By increasng the distance between trails arlde ocean, the amount of sediment dischadge
into the ASB®/ould be reduced. Whenever possible, vegetated buffers along the bluffs sheuld

restored and protected.

Currently all of thecoastalparking areawithin PLSNRexcept Sea Lion Poiparking lot have
little or no vegetated buffer and are discharging directly into the ASBS. The original General plan already
recommends the closure of thmastaldirt parking lots alag the road, and we support this

recommendation.
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If the Bird Island parking lot is to persist, then steps should be taken to stop runoff from flowing
directly into the ASB@ppendix AFig. 5). Possible techniques for stopping runoff are: Capturing runoff
and diverting it to a percolath pond or bioswale, installing pervious pavemantglosing the seawd
section of the parking lot and restoring it baakastal scrulto createan adequate vegetated bufféo
capture sediment before stormwater is directed to the ASBSpecific survegf this area should be

conducted to determine the best possible solution for stopprgessivesediment discharge

The parking lot at Whalers Cove presents the biggest challenge for stopping discharge into the
ASBSThe parking lot consists okdomposed granite owesubstrate is directly adjacent to the ASBS
and includes diver access ramT his parking lot is the access point for divarsl isanimportant
featuretomaintant [ { bw &4 2yS 2F (KS 42 NI RQacohiktbeiveéhNI RA FS
the educational and conservation goals of PLSNR. While the General Plan states that the priority in such
conflicts should be the preservation of the area, there are other pas#ipioptions to accommodate

both goals though they mayequire significant and disruptive work to be conducted.

One possibility would be to capture the run oftara water storage tankUnfortunately; it
would thenneedto be pumped toa location that can percolate @rocess he water appropriately. fis
would require significant construction atinfrastructure be installegcounter to the original goals of
PLSNRAnother option may be to redudie size of the parking areavhichwould make capturing run
off amore manageable issutn general, parkig forhikersshould be locatedway from the oceanBy
only providing enough parking for divetee Whalers Point parking area could be drastically reduced
(Appendix AFig. ). Imported soil and vegetation may be able éffectively filterrun off, if it is
diverted appropriatelyBefore implemening of any plans;areful consideration should be taken to
determine the amount of water that would need to be accommodated and what mitigation tqaba
would be maost appropriate, or even possifdier thislocation Repaving the road down to the parking
area with pervious pavement may also significantly reduce the amount of discl@ttugr. studies
should assess what the underlying substrate consists of i.e. is the subgrade material in the parking lot

rip-rap boulders or bedrock.
Coastal bluffs

Our survey revealed that many of the southern cdasffs of PLSNR haglgnificant areas where
the vegetationwastrampledor wascompletely gondFig.27 and Fig. 8). The lack of vegetation

fragments importantoastal bluff habitatexposes the bluffs to erosion, and effects the aesthetic
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qualities of PLSNRV/e observed that devegetated areas appeared to have less soil then areas that still
had vegetationWe used thepoints taken with the RTK GPS to correcteisor under heavy vegetation
onthe DEM generated from the photogrammetry surv€ross sections of the Slot 1 bluff shtinat the

vegetated areas havmore soil then the supunding bare ground (Fig9). We recommendlanting

Figure27: Areas of vegetation and soil loss on the bluffs along the southern coast of PLSNR.

new vegetation on the blusfwhere soil loss is not too sevet@ inhibit plant growth In locations where

a significant amount dagoil has already eroded, transporting new soil into PLSNR may be the best
option. Additional erosion contraBMPs during the plant establishment perimduld helpassure that

soils remain on site untihe native plantings become well established and provide protection to the
underlying soilsRestoring the vegetation to these bluffs is critical preventing further anthropogenic soil

loss inPLSNRnNd for preserving & value as a natural resource.
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Figure28: Comparison of bluffs frontoastal photographgaken in 1979 (Picture A) and 23 (picture B)
showing the reduction in vegetation. These two bluffs pictured are located just south of The Slot, and w.
referred to as Slot 1 (red) and Slot 2 (yellow) in our survei@alifornia Coastal Records Project
http://www.californiacoastline.org)
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Figure29: Cross sections of the Slot 1 bluff from the photogrammetry survey. The areas that still have
vegetation were approximated 0.t 0.2m higher than the adjacent devegetated areas.
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Appendix ARecommendation Figures
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Figurel9: Suggested alternate trail paths around Sand Hill Cove. The vistas were chosen from the exist
vista location and a point that has views of the Sand Hill Cove and the southern cdastsuggested trail
does not a&count for orientation against slope and may be better positioned closer to the road.
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Figure21: Suggested alternate trail paths around Weston Beach It may be advisable to add an addition
beach access on the North end of the beach, have dffieiccess is preferable to visitors accessing beache
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Figure23: Suggested alternate trail paths on Coal Shoot Point. Closing the Northern section of trail wou

avoid most of the steeper section of the point. By fencing in a vista, a vegetated buffer can be implemet
around the edge of the bluff.
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Flure24 Suggested that Lower Seal L|on Point be closed to visitors and the vista be upgraded to inclu
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Figure25: Suggested alternate design for the Blrd Island parking area to avoid runoff into the ASBS. Thi
would significantly reduce the amount of available parking in the area, but may be preferable to
completely closing the parking lot. Significant research would have to be conducted to ensure that
appropriate runoff mitigation could be implemented in the giverpace. Contrary to what the figure
suggests using the existing ADA trail is preferable.
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Figure26: Suggested alternate design for the Whalers Point parking area to avoid runoff into the ASBS.
Runoff down the road would have to be diverted towardse runoff mitigation. Similar to the Bird Island
area, significant research would have to be done to determine what runoff mitigation could be
implemented and how effective it may be.

46
























