calculate thar the oscillation period is T =
1f
between relaxation peaks in Fig. 5B. The
transform-limited linewidth resulting from
40-ps pulses is AN = 0.2 = 0.1 A, which
matches the measured spectral linewidth of
the OVCSELs,

The ultimate limir for the linewidth can -

be calculated from conventional semicon-
ductor laser theory through the use of {(16):

hvgrng Ve
16md

(VR + Rt - \/RIRz)(l —R,)
©RyRin{1/RiRs) '
' (f o) (1)

Here v,o = ¢/n; where ¢ is the speed of light
in vacuum. The Bragg reflector and buffer
layer act as the exrernal cavity of toral
length L = (5/2) Mn =~ 930 nm.for A = 635
nm, and the fraction of the mode in the
active region is approximately £ = 0.5.
Also, .= AnfAn' is the linewidth enhance-
ment factor, where An and An’ correspond
to changes in the real and imaginary parts
of the refractive index, respecrively, due to
the change in carrier density vpon optical
excivavion. Finally, n_ = N/{N; = Nyl
where N, and N, are gﬁe populations of the
excited a.nd ground staces, respectively.
The linewidth of OSLs is comparable
to that of inorganic semiconductor lasers
with. similar mirror reflectivities. A guest-
host molecular system such as Alg;:DCM
can be treated as a four-level system, for
which n, = 1 because the lower state
involved in the radiative transition is un-
occupied (N, = 0),. whereas. in inorganic
semiconductors n,_ is typicaily near 2 or
more {16). The main reduction in the
linewidth of OSLs, however, is related to
the o-parameter, which is well below 1
over a wide spectral range for materials

PAv =

= 100 ps, which matches the rime delay

such as Alqy:DCM, whereas o ranges from

2 to 5 for most inorganic semiconductor

lasers (16). We have estimated a (Fig. 4,
right inset) by calculating An’ from the
spontaneous emission spectrum using. the
Einstein relation {17), and An from An'
using the Kramers-Kronig relation. Be-
cause the sponraneous emission spectrum

is broad and almost symmetric, a is small

in the wavelength region centered near
the emission peak, with @ = 0.2 at A =
635 nm. In comparison to inorganic semi-
conductor lasers, OSLs have a larger vy,

due to lower n; a larger gy, as well as a -

shorter d, all of which conmibute to an
increase in PAv, thus partislly offserting
linewidth-narrowing effects due to a small
. The power-linewidth product from Eq.
1 is then PAy = 1.GHz mW, comparable.
to that of inorganic semiconductor lasers.
However, the small An of OSLs implies
a smaller chirp (narrower pulse width)
as compared to inorganic semiconductor
lasers.

Optical gain in vacuim-deposired or-
ganic thin films is sufficient for obraining

very high output power, optically pumped.

vertical-cavity surface-emitting lasers, Us-
ing these structures in an  elecrically
pumped configuration will require reducing

the lasing. threshold of 300 uJ/cm? to values

near 0.1 pJfem?, assuming a pulsed peak

pump current of ~1 kAfcm?®. The use of a . -

higher top contact reflectivity or more op-
tically efficient organic systems (5 ) may
help realize this goal.

Accelerating Invasion Rate in a
~ Highly Invaded Estuary

Andrew. N. Cohen” and James T. Carlton -
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Biological invasions are a.major global environmental and economic problem. Analysis
of the San Francisco Bay and Delta ecosystem revealed a large number of exotic species
that dominate many habitats in terms of number of species, number of individuals and
biomass, and a high and acceletating rate of invasion. These factors suggest that this-
may be the most invaded estuary in the world. Possible causes include a large number
and variety of transport vectors, a depauperate native biota, and extensive natural and

anthropcgemc disturbancs,

Over the past few centuries, thousands of
species of freshwarer, estuarine, and marine
organisms have dispersed outward from
their native regions through human-medi—-
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Fig. 5. Normalized temporel behavior of OVSCEL
emission at excitation lavels of (A) £ = 1.2 Eq, and
(B) E = 2.5 &, indicating the presence of relaxation
osciliations of 40-ps duration at 100-ps intervals.
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ated transport and have established sustain-
ing popularions in distant parts of the globe
(1, 2). Many of these organisms have pro-
foundly affected the abundance and diver-
sity of native biota in the regions they have
invaded (3, 4), and in some cases they have
had substantial economic impacts (5). De-
spite these many invasions, data sets suit-
able for analysis of spatial or temporal pat-
tems of aquatic invasions are rare. Here, we
analyzed a synthesis of such data for one of
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the largest estuarine and freshwater ecosys-
teras in North America, the San Francisco
Bay and Delta. This ecosystem. comprises
1500 km? of aquatic habitac within the
range of normal tidal influence. It receives
runoff from a 163,000-km? watershed with
an-extensive system of dams, water diver-
sions,-and flood channels that parrially con-
trol river flows, which nevertheless exhibit
considerable seasonal and annual variation.-
Water salinities also vary widely, generally
ranging from fresh in the Delta to coastal
salinities near the mouth of the Bay, and
sometimes hypersaline conditions during
droughts in southern parts of the Bay (6).

We assembled data on introduced aquatic
organisms from published and unpublished
data, augmented by our field work. Exotic
species were defined as those not present in
the eastem North Pacific bicregion -before
the entry of Europeans in the 16th century,
or present in distant parts of that region and
later introduced to the Bay/Delta ecosystem
by human-mediated mechanisms (7). Cryp-
togenic species are species that are neither
clearly native nor exotic (8). In earlier re-
ports we described the evidence wsed to dis-
tinguish between native and exotic species
and to-derermine establishment ().

We identified a total of 134 exotic
species established in the ‘ecosystem, in-
cluding plants, protists, invertebrates, and

Table 1. Exotic species establishsd in the San
Francisco Bay and Defta. Organisms that repro-
duce in both fresh and salt or brackish waters, or
that move between them as a regular part of their
life cycle (anadromous and catadromous spe-
cies), were counted in both erwvironments. Other
organisms were counted in the enwronment in
which they reproduce.

Nur;eber Number - Total
. . of o

TEoTomis | PSS specks _oumr

brackish in frash "cn‘ species

water walter
Seaweeds 6 0 6
Vascular 12° 18 25 .

plants -t ‘

Protozoans 8 0 8
Sponges - 5 B 5=
Cnidanians — 16 - 1= 17—
Flatworms - G -9 g9 -
Nematodes 0 | 1
Annslids 16 8 21
Mollusks 27 3 30
Arthropods &1 11 60
Entoprocts 1 i 2
Bryozoans "9 0 9
Tunicates 8 G 8
Fish B8 29 30
Amphiians 0 1 1
Reptiles. 0 1 1.
Mammais - 0 1 1
Total 164 84 234

BEm

"dats; (B) modified data. A

_ ducted by C. Parmesan
" [Box-Jenkins “methodol-

vertebrates (Table 1): At least 125 addi-
tional species are cryptogenic. We sorted
species according to their native regions,
counting purely freshwarter organisms as
continental organisms and the rest as ma-
rine. Most continental organisms derived
from eastern North America and Europe,
most marine organisms from: the North
Atlantic and the western North Pacific
{Table 2). A review of sampling dara and
species lists revealed that exotic species
dominate many of the ecosystem's biotic
associations, including infaunal and epi-
faunal soft-bottom benthos {organisms-liv-
ing within or on the bottom sediments),

fouling communities, brackish-water zoo-,

plankton, and freshwater fish. In these
communities, exotic organisms typically
account for 40 ro 100% of the common
species, up to-97% of the total number of
organisms, and up to 99% of the biomass
(10}.

In our analysis of changes in rhe rate of
invasion, we used raw data as well as a dara
ser modified by the exclusion of each
record for which we could not determine
the year of planting, observation, or col-

lection, or that we judged to result from

special expertise, an extraordinary collec-
tion effort, or the chance discovery of a
highly localized species. The modified
dara set excluded about one-third of the
raw data. The shapes of the cumulative
invasions curves (Fig. 1) are similar for the
raw and modified datz. The raw data show
that 55.2% of the towal number of ‘inve-
sions. wer¢ recorded after 1960, versus
49.7% for the modified data set. Thus,
about half of all invasions-in the 145-year

record were reported in the last 35 years..

On the basis of the raw data, the rate of
invasions has increased from an average of
one new species established every 55

Fig. 1. Cumulative num-
ber of exotlc specieses-
tablished in the San Fran- +
cisco Estuary:- (A} raw —

g n
-] (L]
(-] (-]
1 1

1

time seres analysis con-

Nurmber of excllc| speclas

ogy (19) on RATS {Re-
gression Analysis of Time 1
Serieg) software, version =S
4,0 {Estima); final models- b4
used only tarms that con- -
tributed significantly at P

< 0.05 and had uncorre-

1870
1890
1910

weeks from 1851 to 1960, to an average of
one new species every 14 weeks from 1961
to 1995,

Taken together, the large number of
exotic species, their dominance in many
habitats, and the rapid and acceleratmg
rate of invasion suggest that the San Fran-

“.cisco Bay and Delta may be the most

invaded estuary and. possibly the most in-
vaded aquatic ecosystem in the world. Al-
though some other aquatic systems are
known te host many exotic species (3,

11), few report s many and none report. -
the extensive dominance by exotic organ- .
isms that is shown here (12). Several fac-

tors could be contributing to the extent of
invasion in this system:

‘1) Transport vectors. The Bay/Delta sys-
tem may have been inoculated by a greater -
number or diversity of potential invaders;

than have other estuaries. Many mecha- .-

nisms, connecring at different times to dif--

ferent regions of the world and favoring - .

different components of the biota, have
transported organisms into this ecosystem;
including transport with ships; transport
"with oysters inported for cultivation; fish:
stocking; releases or escapes from commer:
cial and government breeding and rearing:
facilicies, ormamental ponds, and aquarinms;
introducrions for bioclogical control; plant-
ings of exotic vegetation for marsh “resto-
ration” and-erosion control; and importa-
tion with shipments of live seafood or bait.
The scale and diversity of such mechanisms
may be increasing with the expansion in
international commerce..

2} Depauperate biota. It has been a:gued
that the relative youth of northeast Pacific.
estuaries, or.their island-like isolation, pre-
vented the development of a species-rich
native biota that could resist invasions (13):
However, theories that island, young, or

180 -

100 ¢

s0

0 —t—t —
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Year

lated residuais by Durban-Watson and Lung-Biox Q statistics] showed a significant increase in the number
of invasions over time (insar regression on raw and medified data separately, trend terms significant at P

< 0.001). Trend =

(time)® models explained 5% and 2% more of the variation than did trend = time modets
for raw and modified data sets, respactively (final models: A2,

= 034, A2, oo = 0.21). Addlttional lag

tarmns on time ware unnacessary {and when forced into the models were not significant at £ > 050 for
both cata sets), indicating that invasion events are independant hetween years. A batter fit of trend =
{time)2 models indicatss that the rate of invasions, as wefl as the absolute number, increases with time.
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- species-poor comraunities are more vulner-
- able to invagion than are other communi-
-ties (1, 14} have been tested only occasion-
" ally and have been challenged (15). Nor
can such theories explain the observed in-
crease in invasion rare as more spec1es be-
came established.

3) Disturbance. It has been argued both
that extreme natural disturbance events
facilitaced the establishment of some ex-
otic organisms in the Bay/Delta system
(16) and that human alterations of habitat
have made the system vulnerable to inva-
" sions (17), consistent with the view that
disturbed environments are more easily

invaded (I, 18). Although greater num-

bers orgreater dominance of exotic species
in disturbed areas relative to undisturbed

areas has often-béen observed, it is unclear

- whether. this occurs because these areas
are more easily invaded, because they are
more heavily inoculated. with exotic or-
ganisms, or because a greater number of
the inoculated organisms are adapted to
the disturbed environments from- which
they were imported. It is also unclear
whether the Bay/Delta system is any more
disturbed than other estuaries.

The relative conrribution of these fac-
tors to the extent of invasion might be
illuminated by comparative studies with
other escuarles, bur these must await the
development of comprehensive regional
data sets on invasions similar to the one

© . discussed here. Proceeding with such work

would be of great value. Our study shows
the San Francisco Bay and Delta to be
extensively invaded, seemingly far more so

Table 2. Native regions of exotic species that’

have become established in the: San Francisco
Bay and Delta, Where native regions are impre-
cissly known (for exampte, the organism could be
native to either the eastern or western North At-
tantlc), the count was split, so figures for soms
regions include “half” spacies.

: Number of
Source regions spacles
Marine :
Wastern North Atlantic 82,5
Wastern North Pacific 41.5
Eastem-North' Atlantic- 205
Wastern South Paclfic 8
Mediterranean, Black, and . 5
Caspian seas
indian Ogean 35
Eastern South Pacific : 2
Unknown . 25
Continentat ]
North America 39.5
Eurasia- 285
South Amarica 7
Africa 2
Unknown 2
Total 234

than other large aguatic ecosystems. Given

the potential impact of such invasions on
both native biological diversity and human
economic activities, it is a macter of some

urgency to learn why. T,
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‘Role of Subétrates‘ and Products of‘Pl 3-kinase

in Regulating Activation of Rac-Related
Guanosine Triphosphatases by Vav
Jaswon Han, Katherine Luby-Phelps, Balaka Das,

Xiacdong Shu, Yi Xia, Raymond D. Mosteller, U. Murali Knshna
John R. Falck Michael A. White, Daniel Broek

Mitogan stimulation of cytoskeietai changas and c-jun ammo-termmal kinases is me-
diated by Rae small guanine nuciectide-binding proteins. Vav, a guanosine diphosphate
(GDP)-guanosine triphosphate (GTP) exchange factor for Rac that stimulates the ex-
change of bound GDP {or GTP, bound to and was directly controlted by substrates and
products of phosphoinositids (PI} 3-kinage. The Pl 3-kinase substrate phosphatidyiino-
sitol-4,5-bisphosphate inhibited activation of Vav by the tyrosine kinase Lck, whereas the
product phosphatidylinositol-3,4,5-trisphosphate enhanced phosphorylation and acti-
vation of Vav.by Lck. Control of Vav in response to mitogens by. the products of Pl
3-kinase suggests a mechanism for Ras-dependent activation of Rac. '

Mirogens induce Rac-mediated changes
in the acrin eytoskeleton as well ‘as Rac-
mediated regulation of gene expression.
Rac-related” proteins are activated by a
family of guanine nucleotide exchange
factors {GEFs) related to the Dbl onco-
gene product that catalyze the-exchange
of bound: GDP for GTP on Rac-related
guanosine triphosphatases (GTPases) (1,
2). The functional properties of the Dbl
homology domain of the Vav oncogene
product are regulated by Lck-dependent
tyrosine phosphorylation (3, 4). However,
this observarion alone does not explain
the apparent interaction of Vav with the
Ras signaling pathway (5, 6). T cell recep-
tor activation results in activation of Vav,
Ras, and Pl 3.kinase (7). Each of these
events results in activation of Rac-related
GTPases (3, 4, 8). However, the mecha-
nism by which Ras, PI 3-kinase, and Vav
might interact to mediare activation of
Rac is unknown.. Vav, like all known Dbl-
related molecules, has a pléckstrin homol-
ogy (PH) domain on the COOH-terminal
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side of the GEF domain (I). Because some
PH domains bind substrares and products
of PI 3-kinase (9-11), we tested whether
phosphoinositides bound to the PH do-
main of Vav and affecred Vav GEF activ-

Fig. 1. Interaction of phospho-
inositldes with the PH domain of
Vav and modulation- of Vav GEF
activity, (A) Regulation of Vav GEF
activity in vitro. Lck-phosphoryi-
gted Vav was incubatad with Rac,
Cde42, or RhoA and C8Ptdins(4.5)-
P; (10 uM}, CBPtdins(3,4iP, (10
wM), or CBPtdling(3,4.5)F; (10 pM)
{12). Guanine nuclectide releasse as-
says were done as describad (3). (B)
Dose-dependsnt binding of 125-
labeied C8Ptdins(4,5)P, to Vav.
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ity for Rac-related GTPases

We examined the ability of Vav to stim-
ulate guanine nucleotide exchange on Rac
in the presence of subserates or products of
P1 3-kinase: We used water-soluble analogs

of phosphatidylinositides that are biologi= -

cally active (12, 13). A His-tagged Vav.
fusion protein was incubated with the Lck
tyrosine kinase to allow the kinase reaction.
to go to completion. Lek was removed by
successive washings of the immobilized Vav'
protein, Phosphorylated Vav, but not.un-

phosphorylated Vav, stimulated the elease - ;

of PHIGDP. from Rac (Fig. 1A) (3). The
presence of a water-soluble PI 3-kinase sub-
strate, C8 phosphatidylinositol-4,5-bisphos-
phate.[CBPtdIns(4.5)P2], in the GEF resc-
tion rtesulted in a 90% inhibitton of Vav
GEF activity, The: natural Ptdins(4, )P,
when incorporated into micelles, also’ in-
“hibited. Vav-CEF activity to a similar ex-
tent (14). In contrast, the presence-of PI
3-kinase products, C8 phosphatidylinositol-
3,4-bisphosphare {CBPtdIns(3,4)P,] or C8
phospharidylinositol-3,4,5-trisphosphate [C8
PidIns(3,4,5)P,]; in the GEF reaction result-
ed in a twofold. stimulation of Vav GEF

RhoA

Rac -

GoPains(3,4,5P —

CBPMINS{4,5)P;

CaPtdns{d 51Ps
- COPNS{S,4,5)Py
GEFIdns{4 51,
CBFIMns(3.4)P;
GePIdins(4,5)P3
£85ldns{3,4.5) [

His-tagged Vav(l) protein {3) im-
mebllized on Ni-agarose was Incu- .
bated with the indicated concen-
tration of Bolton-Hunter reagent—
labeled C8Ptdins(4, 5)P,-NH, (25).
Material assoclated with His-

(33415)F1

(193 cpm)

Bound *#¥ (10* cpm)

Vav(L) Immohiiized on Ni-agarose
was collected, and the amount of
12%.phospholnositide was count-
ad with a gamma counter, (C} Fall-

ure of C8Ptdins(4.5)P, to displace C8Ptdins(3,4,5)P, from Vav.
C8Ptdins(3,4,5)P;-NH, was labsled with '28| as above. His-Vaw(L)
protein Immobilzed on Ni-agarose was incubated with 125~
C8Ptdins(3,4,5)P, alone or in the pressnce of 50 uM C8Ptdins4,51P,
or 50 uwM CBPtdins(3,4,5)F,. The amount of 291-C8PtdIns(3,4,5)P,
associated with Vav was determined as described above. (D) PR
domain mutants of Vav are defective in binding CBPtdIns(3,4,5)P,.
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Wild-type or mutant His-vav protein (10 pmdl) (26) was 1ncubated
with a saturating amount of "25(-C8Ptdins(3.4,5)F,, and the amount of CBFdINs(3,4, S)P hinding to

Vav was detarmined as above,
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